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I N T R O D U C T I O N

T h e  problems which arise in connection with
the actual use of the Gun and the Cartridge
together are considerably more varied and

more complex than those which belong either to the
Gun alone or to the Cartridge alone. Further, I believe
that many of them are even less generally understood
by the shooting public than questions relating to gun
construction and to ballistics, with which I tried to
deal in Volume II. I have, therefore, done my best to
consider the whole problem of the inter-relation between
the Gun and the Cartridge in its many phases, from
patterns to bursts. I must confess to being appalled
by the length of this survey of the subject; but as
I worked I found that so many points kept on arising
that it was impossible to deal with it both adequately
and briefly. So I trust that if parts of certain chapters
appear to some readers to be redundant they will bear
in mind that I have done my best to pnme rather than
to expand, and that I have raised no point which I have
not known to be of interest to at least some section of
practical shooting men.

It may seem that I have given undue prominence
to the subject of burst guns, and that the photographs
of  various  types  of  bmrsts  are  so  numerous  as  to  be  out
of proportion with the other illustrations.

I would explain, however, that all these photographs
are essential for a proper understanding of a subject
which is exceedingly intricate. It is a subject which
I hope will never arise in the experiences of the great
majority of my readers. Nevertheless, it is also one'
which, to the best of my belief, has not been dealt
with in detail before. I hope, therefore, that the

11
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chapters on bursts, together with the plates, may help
both sportsmen and gunmakers should any accident
occur.

I included the final chapter with extreme diffidence :
partly because I realise my own lack of competence to
expound; partly because it seemed somewhat beyond
the scope of the book; and partly because it was only
adding a long chapter to what may seem to many to
be an unduly long volume. I showed the draft, how-
ever,  to  my  friends  Mr.  Eric  Parker  and  Mr.  Ingo  Simon  ;
and both were so encouraging that I determined to
risk it.

I could never have written the chapters on patterns
without constant reference to the work of the late
Mr. R. W. S. Griffith, who can be regarded not only
as the father of shotgun ballistics, but as the chief
pioneer in scientific research into the complicated and
difficult subject of patterns. My regret is that I never
had the privilege of meeting Mr. Griffith personally ;
but I would like to place on record my gratitude for
the instruction and inspiration which I have derived
from  a  study  of  his  work.

Parts of some of the chapters on Patterns, Loads
and Odds and Ends have appeared in articles in the
Field and Game and Gun during the past few years.
And although all such parts have been rearranged and
largely rewritten, I am sincerely grateful to the pro-
prietors of tl -ese papers for their permission to republish
what had already appeared in their pages.

As before, I have to thank my friends Lieutenant-
Colonel Philip Neame, V.C., D.S.O., R.E., and Mr.
F. W. Jones, O.B.E., for their kindness in reading
and re-reading the various drafts of all the chapters
in this Volume and for their helpful and constructive
criticism.

And again, I would like to thank Mr. H. R. Marchant
for the trouble and patience which he always showed in
taking the photographs of the burst guns. The results,
I think, speak for themselves.
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It only remains for me to say that no one can be

more aware of the shortcomings of this Volume than
myself; that I wiU always welcome criticism ; and
that I hope my critics will not forget the difficulties
which the writing of a work of this nature entails.

GERALD BURRARD.
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CHAPTER  I

BORING AND PATTERN

WE  have  now  reached  a  stage  in  the  study  of
our subject when the numerous details of gun
and cartridge design become merged into the

attainment of a single object, the effective delivery of
the shot charge. Ideal results can only be obtained by a
perfect combination of gun and cartridge, and so we must
examine the means by which the best possible degree of
co-operation is obtained. But before doing so it may be
as well to consider very briefly the factors which together
constitute ideal results.

A shotgun differs from a rifle in that the projectile
consists  of  a  large  number  of  small  pellets  instead  of  a
single bullet. In the case of a rifle, the flight of the single
bullet has to be controlled to the exclusion of other
matters ; but in that of a shotgun the problem presented
is that of controlling the flight of an5dhing from 200 to 300
different pellets in such a way that as few pellets as
possible are wasted. Consequently the shotgun really
presents a more complex problem than the rifle, and it is
for  this  reason that  there  is  so  much diversity  of  opinion
among gunmakers and shooters as to the exact extent of
control which should be utilised.

There can be no doubt, however, that an ideal result
of a discharge from a sporting gun is obtained when
the pellets comprising the charge have spread out evenly
so as to cover a sufficient area to enable the shooter to
strike the target. The greater the area over which the
charge spreads, the more easy it is to hit the target, but
if the pellets are spread out and separated too much it
may happen that they wiU fly all round the target without

17
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hitting it. Consequently the degree of spread must not
be so great that the density of the charge is merely
dissipated in the air.

So it wiU be realised that the actual problem with
which we are faced is to determine a combination of gun
and  cartridge  which  wiU  propel  a  charge  of  shot  so  th at:

(1) It will spread out evenly and regularly;
(2) The spread will not be so excessive that the pellets

become so separated from each other that there is a possi-
bility of them flying round the target without striking i t ;

(3) The pellets of the charge will have sufficient
striking velocity to enable them to penetrate the target
when they strike it.

The spread of the shot charge is universally known as
the “ Pattern,” and the three points just enunciated
together comprise what is an ideal pattern.

It will, however, be obvious that other factors enter
the problem, such as the range at which the shot is taken,
and the size of the target. These are really the compli-
cations which prevent universal agreement as to what
constitutes a perfect pattern, and they will be considered
in due course. The three fundamental essentials, how-
ever, are recognised by aU ; so I wfll first deal with the
means adopted for controlling the pattern, and we wfll
then be free to consider to what extent the degree of
control should be exercised.

B O R IN G

The  work  of  shaping  and  finishing  the  insid;*  of  the
barrel, or bore, is known as boring; and the boring of
the barrel of a shotgun is just as important as that of a
rifle. The latter is bored with several spiral grooves, as
is well known ; but the bore of a shotgun is left perfectly
smooth. The shape of the bore, however, is of para-
mount importance in controlling the pattern. This has
been realised from the very early days of game shooting,
although it seems probable that Colonel Peter Hawker
was one of the first to study the matter seriously, and it is
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also probable that the famous Joe Manton owed much of
his success to Hawker’s staunch advocacy of his weapons.
For Joe Manton took just as great pains in the boring of
his barrels as he did in the perfection of his flint locks.

Although any cross-section of the bore of a shotgun
should always be perfectly circular, the bore itself is
seldom, if ever, a true cylinder from end to end. In the
days of the flint lock the breech end of the bore was
usually made " tight behind,” that is, the bore was
tapered slightly with the largest diameter farthest from
the breech. The opposite to this was ” open behind ”
when the taper ran in the reverse direction, the diameter
at the breech end being the greatest.

A barrel which was bored “ open behind ” certainly
gave better ballistics, but the " tight behind ” principle
was usual so as to facilitate rapid loading from the
muzzle.

The centre part of the barrel was almost always a true
cylinder, and the front third was usually ” relieved,”
that is tapered with the diameter increasing as the muzzle
was approached.

The extent and degree of the ” relief ” was generally
believed to have a pronounced influence on the pattern,
but with the universal adoption of the breech-loader,
guns became to be bored as true cylinders from end to
end, although this method was modified to one in which
the front portion was of a slightly greater diameter than
the rear part. This system of boring was not the same as
the old relief because the front part which was of larger
diameter was parallel and not tapered, the only taper
being that which connected the two cylindrical parts of
the bore. This widening of the bore was introduced
because it was found to tend to greater regularity of
pattern, and it is still commonly adopted in a modified
manner by nearly all gunmakers. The diameter of that
part of the bore nearest the chamber cannot be increased
because certain legal limits for the dimensions of the
different sizes are laid down in the Proof Rules, and
gunmakers are bound to work within these limits.
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CH O K E

But about the year 1873 the invention of Choke
revolutionised the boring of shotguns. There still seems
to be a certain amount of doubt as to who was the real
inventor of choke, and the history of the invention has
been discussed so fuUy both by J. H. Walsh in The
Modern Sportsman’s Gun and Rifle, and by W. W. Greener
in The Gun and its Development, that  there  is  no  need  to
enter into the question here. It is, however, a fact that
in 1875 a sportsman wrote to the Field offering a prize of
ten guineas to whoever should be adjudged the inventor.
A committee was formed which heard aU the available
evidence and in due course awarded the prize to Mr.
W. R. Pape, of Newcastle, on the strength of a patent he
had taken out in 1866. Be that as it may, it is only fair to
state that the development of the choke system of boring
undoubtedly owes much to the late Mr. W. W. Greener.

Choke  in  a  barrel  is  reaUy  a  constriction  of  the  bore
at the muzzle. In other words, the barrel is so bored
near the muzzle end that the diameter is decreased.
The actual manner in which this is carried out depends
to a certain, extent on the amount of constriction to be
made, but the usual plan is to start tapering the bore
at a point about i to inches from the muzzle. The
tapered part lasts for about | of an inch when the maxi-
mum reduction in diameter is reached, and the final J or f
of an inch of the barrel is bored parallel, this last parallel
portion being of the same diameter as the smallest end of
the taper.

The diagram in Fig. i shows the longitudinal section
of a choke. In this diagram the amount of constriction
has been purposely exaggerated in order to make it clearly
visible, and it is only intended to indicate the principle
of a choke boring.

It will be seen that there are reaUy two parts which
together constitute the choke; namely, the tapered
portion or “ Cone,” and the “ Parallel.”

There is no definite ruling as to the best relative
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lengths for these two portions, and every gunmaker and
every barrel-regulator has his own views on the subject.
Further, it is a fact that two barrels bored in an exactly
simiiar manner will not give similar results, and so it
frequently happens that the final decision is made by the
barrel-regulator who shapes the cone so as to obtain the
best patterns. This can only be done by a prolonged
series of actual tests for pattern, and such tests occupy a
considerable amount of time as well as entailing the
expenditure of an appreciable number of cartridges. All
this adds to the cost of manufacture, and it is for this
reason that cheap guns cannot be relied upon to give
such regular patterns as best-grade guns. The former

CONE, PA R ALU I.

F i g . I.— Diagram (not to scale) showing the longitudinal section of a choke-
bored barrel at the muzzle end.

have not been submitted to the actual pattern trials
which are regarded as an essential part of the finishing of
the latter, and the result is that the barrels of the cheap
gun are left as they have come off the machines, while
those of the high-grade gun have been carefully touched
up by hand.

This final regulating is of paramount importance and
adds one more of the innumerable points of superiority
which a high-grade gun possesses over a cheap one.

The total amount of constriction in a choke, that is
the amount by which the diameter of the Parallel is
smaller than the diameter of the bore, may be anything
from 3 to 40 thousandths of an inch. And as a general
rule it may be assumed that the greater the constriction,
the longer both the Parallel and the Cone.
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The maximum length for the Parallel appears to
be about inches, and this is generally only used
in conjunction with the maximum constriction of 40
thousandths of an inch. With smaller constrictions the
Parallel is shorter, until the smallest practical constriction
of 3 thousandths is reached, when there is no Parallel at
all, the front end of the Cone coinciding with the muzzle.

The length of  the  Cone varies  from about  J  of  an inch
to I of an inch, or even i inch ; the longer cones being
naturally used for greater degrees of constriction.

So it wiU be seen that as a general rule a long Cone and
long Parallel go together, and are only found in con-
junction with a large degree of constriction.

The junction between the bore and the rear end of the

M U Z Z L E .

R E C E S S
F i g . 2 .— Diagram (not to scale) showing the longitudinal section of a recessed

barrel.

cone is usually smoothed off in a curve, but some barrel-
regulators win at times make this junction in the form of a
distinct angle.

The actual angle, or pitch, of the cone naturally
depends on its length and the total amount of constriction
in the choke. For any given degree of choke the pitch
of the cone is usually sharper when the cone is short than
when it is long, and generally speaking a sharp pitch
tends to increase the density of the pattern. But if the
pitch is too sharp the pattern becomes irregular, and there
is  no  hard  and  fast  rule  as  to  the  best  pitch  to  adopt  in
conjunction with any particular degree of choke.

The  diagram  in  Fig.  2  shows  a  type  of  boring  which
is frequently adopted with very slight chokes of but 3 to
5 thousandths of an inch, especially when these occur at
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the very muzzle and the Parallel is entirely omitted.
This system of boring is merely an enlargement of the
bore immediately in rear of the Cone, this enlargement
being termed a “ Recess.” The length of the Recess is
generally about 6 inches, and the diameter of the recessed
portion is from 3 to 5 thousandths of an inch greater than
that of the bore. The result is that the length of the
actual Cone is increased, and this helps to concentrate the
pattern.

A Recess is by no means universal even in guns bored
with very slight chokes, and it is usually inserted during
the final shooting and regulating for pattern. And it
thus becomes a regulating device to give the pattern
desired, for it frequently happens that the regularity and
density of a pattern are both improved by the addition of
a Recess, although there is no hard and fast rule.

These facts aU show the great variations in procedure
adopted by gunmakers in boring chokes. These varia-
tions  do  not  arise  so  much  from  differences  in  views  as
from the fact that no two barrels will behave quite alike
when bored in an identical manner. For this reason it is
impossible to state whether any particular combination of
Cone and Parallel, or Recess and Cone, is the best. I am,
however, inclined to believe that very short Parallels are
not quite so good as longer ones, except in the case of the
very slight chokes adopted in improved cylinders. I
only put forward this idea with extreme diffidence, but it
has certainly been my experience that barrels with fairly
long Parallels have seemed to give more regular results
with aU sorts of cartridges than those with very short
Parallels, or none at aU. I will readily admit that I have
not tested a sufficient number of guns to come to any
definite conclusion— one would have to test several
hundred different barrels with various loads— and it may
be that the results which I have noticed have been
accidental.

Nevertheless it does not seem altogether unreasonable
to think that the Parallel should be sufficiently long to
take the whole of the shot charge at the same time, and
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thus impart a steadying influence after the upset it must
receive on being constricted by its passage up the Cone.

But, on the other hand, the combination of a moderate
constriction of, say, lo thousandths of an inch and a
Parallel of nearly an inch will result in a less concentrated
pattern than a similar constriction and a shorter ParaUel.
It  wiU,  accordingly,  be  seen  how  impossible  it  is  to  lay
down any definite ruling.

CLA SSIF ICA TIO N  O F  CH O K E

Theoretically a choke is any constriction at the muzzle
of a gun, but in actual practice a smaller constriction than
3 thousandths of an inch is seldom, if ever, adopted. So
it will be realised that any gun is “ choked ” which has its
barrels bored with constrictions at the muzzle which may
vary  from  3  to  40  thousandths  of  an  inch.  In  technic^
parlance i thousandth of an inch is always known as a
" point,” so the smallest constriction which gives any
appreciable effect is one of 3 " points.”

An  "  Improved  Cylinder  ”  boring  is  one  in  which  the
constriction is from 3 to 5 ” points,” from which it will be
seen that �' improved cylinders ” are really nothing more
than very slight chokes.

At  the  other  end  of  the  scale  we  have  the  "  Full
Choke ” which is a constriction of 40 “ points,” and
mid-way there is the " Half Choke ” with its 20 “  points ”
of constriction.

In between the Improved Cylinder and Half Choke
there is the " Quarter ” or " Modified ” Choke, but the
latter term is very vague in its meaning, and some gun-
makers actually mean a choke of between Half and Full
when they use the term " Modified.”

Similarly, although Improved Cylinders are usually
bored with from 3 to 5 “ points ” of choke, some gun-
makers call barrels bored with quite 8 " points ” ” Im-
proved Cylinders.” It is, naturally, very misleading to
compare the results given by these different ” Improved
Cylinders ” or " Modified Chokes,” and so I cannot help
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feeling that it would be altogether better to describe the
boring of a barrel by naming the actual degree of constric-
tion. If this were done barrels would always be described
as having 5, 8,  10 ,15, 25, 30, etc., " points of choke,” and
ambiguity would be decreased.

A disadvantage of this system would be that barrels
bored with the same number of points of choke would not
necessarily give similar results, and when a shooter buys
a gun and is told that the choke is the same as that in
some other gun, he naturally expects both guns to behave
alike when it comes to testing them for pattern.

But the variations of individual barrels from the
normal are seldom so great as to render such a system of
classification abortive : and in any case the classification
suggested would be considerably less ambiguous than
the vague terms in common usage. It is, however, to say
the very least, doubtful whether sportsmen as a class
would take to such descriptions and so the terms " Full ”
and " Half ” choke will remain. If to these were added
“ Quarter ” and “ Three-Quarter ” to the complete
exclusion of the indefinite " Modified ” the range of
classification would be fairly comprehensive.

The best way of all, however, to describe the boring
of any barrel is by its behaviour. And since the whole
object of boring is to obtain the best possible control of
the shot charge, or in other words, to obtain the best
possible patterns, we must next consider the question of
pattern.

P A T T E R N

When a shot charge leaves the muzzle of a gun the
pellets cluster together and do not separate to any appre-
ciable extent until they are from 3 to 4 feet from the
muzzle, when they begin to spread outwards and so cover
an ever increasing area as the range becomes greater.
The degree of spread is approximately proportional to the
range, but not exactly so. This is because the outside
pellets do not travel in perfectly straight lines, but move
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with a slight “ curl,” something after the manner of a
” sliced ” golf ball which is given a spin about a vertical
axis and so tends to move laterally to that side on which
air resistance is lessened by the presence of the spin.

Shot pellets are not necessarily given a spin, but the
outer ones are deformed by their passage up the bore and
past the choke so that they are no longer round, and
therefore do not fly in absolutely straight lines ; but this
deviation from the straight line is, of course, normally
very small.

Since the amount of deformation of the outside pellets
must vary from round to round, the exact degree of
“ curl ” with which they travel will be different in the case
of every shot. And it is on this account that the diameter
of the total spread is not absolutely proportional to the
range. Nevertheless it is roughly so ; and the diameter
of the spread at 40 yards, for example, is very nearly
double that of the spread at 20 yards, while at 10 yards the
spread is  approximately  one-third of  that  at  30 yards.

M e a s u r i n g  P a t t e r n .— The spread of the shot charge
is, as has been explained, termed the Pattern, and since it
is essential that we should be able to make comparisons
between the patterns given by different guns and car-
tridges, some form of measuring pattern must be adopted.

When anything is measured certain units must be
employed which are usually accepted for the sake of their
convenience. What the exact rmit is in any particular
case is immaterial; the only point that matters is that
all who take the measurements should use the same unit.
In measuring patterns the unit is the number of pellets
of what may be termed the standard size of the standard
charge of shot when propelled with standard velocity
which lie in a circle of 30 inches in diameter when fired at
a range of 40 yards.

In the case of an ordinary 12-bore the standard shot
charge is ItV ounce. A charge of 33 grains of Smokeless
Diamond should develop standard ballistics with this
shot charge, and consequently this combination is most
generally used because Smokeless Diamond is the powder
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in  most  common  use  in  this  country.  B u t  there  is  no
reason why any other powder should not be used provided
the pressures and velocities lie within the normal limits.
But if no special mention of the powder is made it is
assumed that the load consisted of 33 grains of Smokeless
Diamond and i-^  ounce of No. 6 shot. No. 6 is used
simply because it is the most popular size in Great Britain.
So the reasons for the selection for this combination in
the case of an ordinary 12-bore are obvious.

In the case of other sizes the load and size of shot
should always be specified when patterns are quoted.

The 30-inch circle is taken for the unit of area simply
as a matter of convenience. The custom was adopted in
the days when gunmakers first began to bother about the
patterns of their guns, and it has become so thoroughly
established that any change would be as mistaken as it
would be purposeless. Some area must be ta k e n : to
give  a  true  comparison  it  must  be  circular;  the  size  of
the  circle  is  really  imm aterial;  and  now  it  has  become
established, why change ?

B ut the distance of 40 yards is another matter. I
have often heard men say, “ W hy 40 yards ? W hy not
25 or  30 yards,  the  ranges  at  which most  game is  shot  ?  ”

This seems a very reasonable question, especially in
view of  the  fact  that  the  spread of  the  shot  charge  at  any
distance is roughly proportional to the reuige.

It must, however, be remembered that the most
essential quality in any individual pattern is th at the
pellets  in  the  circle  should  be  spread  evenly  all  over  that
circle. There should be no clusters in one part, or open
spaces in another in which a bird might escape without
receiving a single p elle t: the distribution of the pellets
must be even.

Further, a gun should throw regular patterns. That is,
there should be approximately the same number of pellets
in the circle every time.

Even and regular patterns are to a gun what close and
regular grouping is to a rifle. The parallel is exact.

Now it is perfectly possible for a pattern to be patchy
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and irregular at 20 yards and yet appear quite satis-
factory. This is because at that close range the patches
would not be so large that a bird could escape in them
without being hit. When looking at patterns one in-
stinctively thinks of the possibility of a bird escaping in
any open space there may be, and at 20 yards these
open spaces are so comparatively small that they are very
deceiving. But at 40 yards the diameters of these open
patches wiU be just about twice as big, which means that
the areas of the patches wiU be about four times as great
as they were at 20 yards ; and so it happens that a pattern
which looked quite satisfactory at 20 yards would be
condemned immediately at twice that range.

So it will be seen that pattern testing at 40 yards puts
a considerably more severe test on the gun than would
be the case were the patterns taken at some shorter range.

In view of this fact it may be wondered why 50, or
even 60, yards is not adopted as the pattern range in-
stead of 40, as at these distances the test would be still
more severe. The reason is that it would be too severe.
Even at 50 yards the pattern given by the great majority
of  guns  is  so  open,  that  is  the  shot  charge  has  spread  out
to such an extent, that there are comparatively few
pellets in the 30-inch circle and so it is most difficult
to see whether the distribution is even, except in cases
where the pattern has been concentrated to an excep-
tional extent by a very heavy choke. And at 60 yards
this difficulty is present with the very fullest choke.

If a gun threw a pattern at 50 yards which was suffi-
ciently dense to judge properly, it would concentrate its
charge too much at close ranges for practical purposes
of sport. The distance of 40 yards is the longest at
which it is possible to combine sufficient density of pattern
for judging an even spread and a boring of the gun
which will not concentrate the charge too much at short
ranges.  And  it  is  this  fact  which  makes  40  yards  the
most suitable range at which to assess a pattern, and
therefore the range to be adopted as the unit of distance
for measuring patterns. However, when one inspects a
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pattern at 40 yards it is a mistake to be too exacting; for
it must be remembered that the test is purposely being
made at a greater distance than the usual sporting ranges
so as to exaggerate irregularities.

Te s t in g f o r  Pa t t e r n . Having seen what units
are used in making the measurements of pattern, the
reader who has had no personal experience of the work
may be interested to learn how the actual testing for
pattern is conducted.

The essential apparatus consists of a sheet-iron
target which should be at least 6 feet square. This is
placed in a vertical position and the gun to be tested is
used for shooting at this target from a range of 40 yards.
The target is whitewashed before every shot. Contrary to
a very general belief amongst sportsmen, the 30-inch
circle is not drawn until after the shot has been fired.
This  plan  is  adopted  because  the  object  of  the  trial  is
to test the combination of gun and cartridge and not
the shooter’s accuracy of aim. All that the shooter has
to  do  is  to  try  to  centre  the  charge  as  far  as  possible  in
the middle of the target. The centre of the densest part
of the pattern is then selected by eye and the circle is
described with a wooden compass of 15 inches radius.
By this means the human element is ehminated as far
as is possible.

After the circle has been drawn the number of peUet-
marks inside it are counted and the general regularity of
spread is noted. The target is than whitewashed over
again, when aU is ready for the next shot.

Any gunmaker who has much work to do has several
targets, six or ten, in a row touching each other so that
the whole “ butt ” is a waU of sheet iron 6 feet high and
36  to  60  feet  long.  It  is  thus  possible  to  fire  a  number
of rounds in succession, and not only is time saved but
there is the further advantage of being able to view a
number of patterns from a barrel side by side, which
helps the regulator to form an opinion as to the regularity
of the patterns.

He can then touch up the choke or make a slight



30 THE MODERN SHOTGUN

recess in order to increase or reduce the density of the
pattern if necessary, or else to improve the regularity.
And  it  is  really  wonderful  how  an  expert  regulator  can
make the barrels of a gun give the desired pattern with-
in a few pellets. Incidentally, this is where time and
money is expended, for which the purchaser of a high-
grade gun should not object to pay.

It should be noted that the 40 yards is actually
measured from the target to the spot where the shooter
stands, and not to the muzzle of the gun.

Home testing of patterns is a most interesting and
instructive pastime, as it teaches one better than any-
thing else which load will suit a gun best. It also makes
a very valuable check on the behaviour of any fresh lot
of cartridges.

But  to  be  of  any  use  the  work  must  be  conducted
properly, and in the manner described. A single target
6 feet square is ample for home work, and a 4-foot target
wiU do, although it is not easy to centre the charge
every time on such a small target. The target can be
set up in any convenient spot where it does not interfere
with the beauty of the garden or landscape, and once in
position it can become a permanency.

Whitewash is not a very convenient or pleasant
medium to use for painting the target, and Mr. E. P.
Bernard has pointed out the great superiority of a non-
diying white paint such as is used for air-rifle targets
and sold by Messrs. Parker-Hale, Ltd., Bisley Works,
Whittall Street, Birmingham. This paint is not very
costly as one coat will normally last a month, and all
that one need do after every shot is to smooth the surface
of the target down with a flat brush.

For those who do not mind a little trouble I can
recommend Mr. Bernard's instructions for making up a
non-drying paint. This paint consists of zinc oxide
mixed  into  a  cream  with  the  rectified  petroleum  that
chemists seU for medicinal purposes. As it is difficult to
mix these two ingredients direct because of the syrupy
nature of the oil, Mr. Bernard first mixes the zinc oxide
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into a paste with a little parafl&n, afterwards stirring in the
petroleum little by little until the desired consistency is
obtained. But long and patient stirring is necessary in
order to make a good emulsion and to prevent the separa-
tion of the ingredients.

I am also much indebted to Mr. Bernard for the
following note on making a suitable compass for inscrib-
ing the circle.

Mr. Bernard writes:

"  A  piece  of  wood  i6J  inches  long  b y  i  inch  wide  b y  f  inch  deep
is pierced b y a perpendicular 2-inch wire nail about J inch from one
end, which projects about | inch underneath. Fifteen inches away,
at  the  other  end  of  the  piece  of  wood,  a  2-inch  length  of  brass  gas
tubing of J-inch bore passes through the wood similarly to, and
parallel  with,  the  nail.  In  the  underneath  end  of  the  tube  a  little
cylinder of cork taken from a cork borer is stuck, projecting about
J inch. This tube is the ' pencil ’ of the compass. The wood is
made  to  grip  it  vice-wise  b y  slitting  it  for  about  3  inches  with  a  saw
and passing a screw through close behind the tube to tighten.”

The best way of counting the peUet marks is to take
a fired cartridge-case and wipe out the marks with this,
one  by  one.  It  is  a  curious  fact  that  few  people  can
count much more than ten accurately, and fewer stiU
more  than  twenty.  For  this  reason  the  safest  course  is
to make a stroke on the target above the circle directly
ten pellet marks have been erased, and then to start
counting again. If this is done the number of strokes
can be counted when aU the pellet marks have been
obliterated and the odd number of the count left over
can be added on.

There is nothing in the least difiicult about testing
for pattern, but to be of any value the test must be
conducted properly and with suitable appliances. If
these are not available it is far better to have the test
carried out by a gunmaker. Tests made by shooting at
a newspaper, such as are sometimes made by sportsmen,
can be very misleading, because no newspaper is suffi-
ciently large to permit even the best of shots placing his
pattern correctly every time. Unless this is done a
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circle may be drawn round the edge of the pattern when
an entirely false count will be obtained. Sportsmen
should remember that a pattern test is of little value
unless all chances of human error are eliminated, and
consequently it is essential to use a target at least 4 feet
square, and better stOl 6 feet square, when the placing of
the whole charge on the target should be a certainty.

T H E  E F F E C T  O F  C H O K E  ON  P A T T E R N

All shooters know that a choke gives a “ closer,” or
more concentrated, pattern than a cylinder barrel; but
not many realise the proportions of the whole shot
charge which the different types of boring in common
use place in the 30-inch circle at 40 yards. And since
this relation is one of the fundamentals of a proper
consideration of boring and pattern, I wiU give it in
tabular form.

T A B L E  I

P a t t e r n s  G i v e n b y  D i f f e r e n t  B o r i n g s

" Points ”
Percentage of the Original
Number  of  Pellets  in  the

Type of Boring. of Choke. Shot Charge which are
placed in the 30-inch

Circle at 40 Yards.

Full C h o k e ....................... 40 70
Three-quarter Choke . 30 65
Half C h o k e ....................... 20 60
Quarter Choke . . . . 10 55
Improved Cylinder . 3  to 5 50
True Cylin der....................... Nil 40

These percentages are approximately true  for  all  sizes
of guns and all sizes of shot within reasonable limits. It
may happen, for example, that one particular gun puts
63 per cent, of No. 6 in the circle and only 58 per cent, of
No. 5. But such variations are minor exceptions and
nothing more. The general rule is universal.

To the best  of  my beUef  Mr.  Max Baker  was the first
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to realise these classifications; and in any case he
deserves the greatest credit, as well as the thanks of all
gunmakers and sportsmen, for the clarity with which he
tabulated them in the original editions of the Shooters’
Year Book. There can be no doubt that these tables
first established order out of chaos.

If we return to our original unit for measuring pattern
in the case of an ordinary 12-bore, it will be seen that a
charge of i-iV ounce of No. 6 shot was taken as the stan-
dard. There are 287 pellets in this charge and so it will
be realised that the different borings give the following
patterns :

Full Choke (40 points) . . 200
Three-quarter Choke (30 points) . 187
Half Choke (20 points) . • 175
Quarter Choke (10 points) . 160
Improved Cylinder (3 to 5 points) • 145
True C ylin d er.................................... . 114

These figures represent the patterns quoted by gun-
makers when describing the shooting of any particular
gun,  and  from  them  it  is  possible  to  obtain  an  idea  as
to the boring adopted. For instance, if the right barrel of
a gun is quoted as giving a pattern of 140, and the left
170, we would know that the right barrel was bored
" improved cylinder ” and the left very nearly half choke.
It win accordingly be appreciated how important the
measurement of pattern can be, especially when the
results are considered in conjuction with the percentages
given in Table I, as with these data one can make a very
fair inference as to the pattern likely to be obtained when
using a different size of shot or a different weight of shot
charge.

For example, from the patterns quoted by the gun-
maker we decide that the barrels of a gun are bored im-
proved cylinder and half choke. Then we will know
that they should give 50 and 60 per cent, patterns. So
with a charge of ounce of No, 4 the patterns will be
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about 95 and 115 ; and with i ounce of No. 7 about 170
and 200.

As a matter of interest and convenience the follow-
ing tables are given which show the percentages in the
30-inch circle at 40 yards for the different borings of aU
the weights of shot charges of the different sizes of shot
which are likely to be encountered in any size of gun. So
if the pattern is quoted for any gun when using a certain
weight of any size of shot, the boring of that gun can be
obtained from the tables.

Although these tables are of unquestionable value the
percentages which they give should not be regarded as
infallible. The idiosyncrasy of every gun, indeed of
every barrel, must be remembered, especially when the
loading  varies  from  the  normal  or  from  the  load  with
which the gun was originally regulated. I have known,
for instance, a pair of full choke guns all four barrels of
which actually gave as dense, or even denser, patterns
when using an ounce of No. 5 as they gave with an ounce
of No. 6. I have also known a barrel which gave a regular
60 per cent, pattern with an ounce of shot and a good
70 per cent, pattern with i-jV ounce. But such extreme
departures from the normal are exceptional, and as a rule
a gun will throw a comparatively constant percentage in
the 30-inch circle with all ordinary shot sizes and loads,
provided the ballistics are normal.

For the ballistics developed by a cartridge can have
the greatest influence on pattern, and it is for this reason
that the use of the standard load is such an important
point in the measuring of pattern.

But there are other factors besides ballistics which can
affect pattern, and all these factors wUl be considered in
the next chapter.

There is, however, one factor which would appear to
have a comparatively constant effect on pattern which
should be mentioned now. This is the fully Crimped
Turnover closure to the front of the cartridge which
does away with the necessity for an over-shot wad.
Crimped cartridges came into use a comparatively few
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years before the outbreak of the late war and as yet
they are not as generally known as they deserve to
be, while the war years prevented the accumulation of
data sufficient to justify any hard and fast law. There
is, however, not the slightest doubt that the crimp sealing
of the case gives an appreciably closer pattern than that
given by a similarly loaded cartridge with the ordinary
over-shot wad and turnover.

I have examined about 300 patterns made with
different guns and crimped cartridges and it would seem
that in all types of boring there is an increase in pattern
density  of  just  about  5  per  cent.

This means that when crimped cartridges are used
each  type  of  boring  “  goes  up  one  place,”  the  improved
cylinder giving the 55 per cent, pattern of the quarter
choke ; the quarter choke the 60 per cent, pattern of the
half choke ; and so on until the full choke gives approxi-
mately a 75 per cent, pattern.

I have, therefore, included an extra table for full
choke giving 75 per cent, patterns, but it should be
understood clearly that it is intended only to suggest the
patterns which may be expected when using crimped
cartridges. All the other table headings are those suit-
able for ordinary cartridges with over-shot wads, and if
the corresponding pattern for crimped cartridges are
required the table giving the next closer type of boring
should be used.
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T A B L E II

Tr u e  Cy l i n d e r  {40 pe r c e n t .)  Pa t t e r n s

Size
Pellets  in  30-inch  Circle  at  40  Yards  from  different  Weights  of  Shot  Charge  in  Ounces.

01
Shot.

l i I A- I f I f I ^ I f I A One i f f i f i i f f i

B B 42 40 38 37 35 33 32 30 28 26 24 23 21 19 18 16 14
B 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16
I 60 58 55 52 50 48 45 42 40 38 35 32 30 28 25 22 20
2 72 69 66 63 60 57 54 51 48 45 42 39 36 33 30 27 24
3 84 80 77 74 70 66 63 60 56 52 49 46 42 38 35 32 28

4 104 98 94 89 85 81 76 72 68 64 60 55 51 47 42 38 34
4i 120 115 n o 105 100 95 90 85 80 75 70 65 60 55 50 45 40

5 132 126 I 2I 115 n o 104 99 94 88 82 77 72 66 60 55 50 44
5i 144 138 132 12 6 120 114 108 102 96 90 84 78 72 66 60 54 48
6 162 156 148 141 135 128 122 115 108 lO I 94 88 81 74 68 61 54

180 172 165 158 150 142 135 12 7 120 112 105 98 90 82 75 68 60

1 204 196 187 17 9 170 162 153 144 13 6 128 119 n o 102 94 85 76 68

8 270 259 247 236 225 213 202 19 1 180 169 158 146 135 123 112 lO I 90

9 348 334 3 19 305 290 276 261 246 232 2 17 203 189 174 160 145 130 116
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TABLE III
Impr o v e d  Cy l i n d e r  (50 pe r c e n t .)  Pa t t e r n s

Size
Pellets in 30-inch Circle at 40 Yards from different Weights of Shot Charge in Ounces.

Shot.
Jj I * I f I A I f I f I One n i i f f if i i

BB 53 50 48 46 44 42 39 37 35 33 30 28 26 24 22 19 17
B 60 58 55 53 50 47 45 43 40 37 35 33 30 27 25 23 20
I 75 72 69 65 63 59 57 53 50 47 44 40 37 34 31 28 25
2 90 86 82 78 75 71 67 63 60 56 52 49 45 41 37 33 30
3 105 100 96 92 87 83 79 74 70 65 61 57 52 48 44 39 35
4 128 122 117 III 106 lOI 95 90 85 79 74 69 64 58 53 48 42
44 150 143 137 131 125 118 112 106 100 94 87 81 75 69 62 56 50
5 165 158 151 144 137 130 124 117 n o 103 96 89 82 75 69 62 55
5i 180 172 165 157 150 142 135 127 120 112 105 97 90 82 75 67 60
6 202 194 185 177 169 160 152 143 135 126 118 109 lOI 93 84 76 67
64 225 215 206 197 187 178 169 159 150 140 131 122 112 103 93 84 75
7 255 244 234 223 212 202 I9I 180 170 159 149 138 127 117 106 95 85
8 337 323 309 295 281 267 253 239 225 211 197 183 169 154 140 126 112
9 435 417 399 381 362 344 326 308 290 272 254 235 217 199 181 163 145
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T A B L E  I V

Qu a r t e r  Ch o k e  (55 p e r c e n t .)  Pa t t e r n s

CaJ
00

Size
of

Pellets  in  30-inch  Circle  a t  40  Yards  from  different  Weights  of  Shot  Charge  in  Onnces.

Shot.
i j I f ii^ I f I * I f life One i i i f i f

B B 57 55 52 50 48 45 43 40 38 35 33 31 29 26 24 21 19
B 66 63 60 57 55 52 49 46 44 41 38 35 33 30 27 25 22
I 82 79 76 72 69 65 62 58 55 52 48 44 41 38 35 31 27

2 99 95 91 86 82 79 74 70 66 62 58 53 49 46 41 38 33
3 115 n o io6 100 96 91 87 82 77 72 68 t>3 58 53 48 43 38
4 140 134 128 122 H 7 I I I 105 100 94 88 82 76 70 64 58 53 47
4i 165 158 151 144 137 130 124 n 6 n o 103 96 90 82 76 69 62 55
5 181 17 4 166 159 1 5 1 143 136 129 121 1 1 3 106 98 90 83 76 68 60

5 i 198 190 i8 i 17 3 165 15 7 148 140 132 X24 1 1 5 107 99 91 82 74 66
6 222 213 204 19 5 186 176 167 158 148 139 130 120 i n 102 93 84 74

248 238 228 217 206 196 186 17 5 165 154 144 13 4 124 1 13 103 93 82

7 280 268 257 245 234 222 210 198 187 17 5 164 152 140 129 116 105 94
8 .371 356 340 325 310 293 278 263 247 232 217 201 186 170 15 4 139 124

9 488 458 438 419 398 378 359 339 319 299 279 259 239 219 200 179 159
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T A B L E  V

H a l f  C h o k e  (6o p e r c e n t .)  P a t t e r n s

Size
Pellets in 30-inch Circle at 40 Yards from different Weights of Shot Charge in Ounces.

of
Shot. I f I * 14 l i l A One i i i S i i f i Îr i

B B 63 60 57 55 53 50 47 44 42 39 37 34 32 29 26 23 2 1

B 72
00

69 66 63 60 57 54 5 1 48 45 42 39 36 33 30 27 24
I 86 83 79 75 7 1 68 64 60 56 53 49 45 4 1 38 34 30
2 io 8 104 99 94 90 86 81 76 72 68 t>3 59 54 50 45 40 36
3 126 12 1 11 6 n o 105 99 95 89 84 79 74 68 63 58 53 47 42

4 15 3 146 140 134 128 12 1 11 5 109 102 95 89 83 77 70 64 58 5 1
4 i 180 172 165 15 7 150 142 135 12 7 120 1 13 105 98 90 83 75 68 60
5 198 190 182 17 3 164 15 7 149 140 132 123 11 6 10 7 90 83 74 66
5i 216 207 198 189 180 1 7 1 162 15 3 144 135 126 1 1 7 108 99 90 8 1 72
6 243 233 222 212 203 193 182 17 2 162 152 142 13 1 12 1 11 2 lO I 9 1 8 1
(>i 270

306
258 248 236 225 2 14 202 19 1 180 168 158 146 135 123 11 2 lOI 90

7
8
9

293 280 268 253 242 229 2 16 204 19 1 17 9 16 5 153 140 12 7 1 14 102
405
522

388 370 355 337 320 304 286 270 253 236 219 203 185 168 152 135
500 478 457 435 4 13 392 369 348 326 304 282 261 239 218 19 5 17 4
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T A B L E  V I

T h r e e -Qu a r t e r  Ch o k e (65 pe r c e n t .)  Pa t t e r n s

Size
Pellets in 30-inch Circle at 40 Yards from different Weights of Shot Charge in Ounces.

of
Shot.

I* I t 1 * I t l i I * One i l i -i i �ft 4

BB 68 65 62 60 57 54 51 48 45 42 40 37 34 3 1 28 25 23
26

B 78 75 7 1 68 65 62 58 55 52 49 45 42 39 36 32 29

I 97 93 89 85 81 77 73 69 65 6 1 57 53 49 45 4 1 30 32

2 11 7 112 10 7 102 97 93 87 82 78 73 68 64 58 54 49 43 39
3 136 13 1 125 120 114 108 103 97 9 1 85 80 74 68 62

76

89
98

10 7
12 1

57
69
81
89
97

n o

51
62
73
80
88

99

45
55
65
71
78
88

4
4i
5
5i
6

166
195
214
234
263

159
187
205
224
252

152
179

197
2 14
241

145
170
188
204
230

138
162
179

195
2I 9_,

13 1
154
170
185
208

124
146
16 1
175
197

1 1 7
138
152
166
186

n o
130
143
156
175

103
122

134
146
164

97
11 4
125
136
153

90
106
116
126
142

83
97

107
11 7
131

6 i 292 280 268 256 244 23 1 219 207 195 183 17 1 159 146 134 122 110 97
7 3 3 1 3 18 304 290 276 263 249 235 221 207 194 179 166 152 138 124 I I I

8 438 420 402 384 366 347 329 3 11 293 274 256 238 220 201 183 164 146

9 566 542 518 495 471 448 425 401 377 354 330 306 283 260 236 212 188
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T A B L E V II

F u l l  Ch o k e  (70 pe r c e n t .) Pa t t e r n s

Size
Pellets in 30-inch Circle at 40 Yards from different Weights of Shot Charge in Ounces.

Shot.
l i I I f I * l i l i 1-jg One i i l i f i

BB 73 70 67 64 61 58 55 52 49 46 43 40 37 34 31 27 24
B 84 81 77 74 70 67 83 60 56 53 49 46 42 39 35 32 28
I 105 lO I 97 92 88 83 79 74 70 66 62 57 52 48 44 39 35
2 126 121 115 n o 105 100 95 89 84 79 74 69 63 58 53 47 42
3 147 141 135 129 122 116 n o 104 98 92 86 80 74 67 62 55 49
4 178 171 164 156 149 141 134 127 119 I I I 104 97 90 82 74 67 60

210 201 192 183 175 166 157 148 140 132 122 114 105 97 88 79 70

5 231 221 212 202 192 183 173 164 154 144 135 125 115 105 97 87 77
5 i 252 242 231 220 210 199 189 178 168 157 147 136 126 115 105 95 84

6 283 270 260 248 236 225 213 201 189 177 ib5 153 141 130 118 106 95
315 302 289 276 262 249 237 223 210 197 184 171 157 144 131 118 105

7 357 342 328 312 298 283 268 253 238 223 208 193 178 164 148 134 119

8 472 453 433 414 394 374 354 335 315 295 276 256 237 216 196 177 157

9 608 583 558 533 508 482 457 431 406 380 356 330 305 279 254 228 203
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T A B L E V II (a )

F u l l  C h o k e (75 p e r c e n t .)  P a t t e r n s

Size
of

Shot.

Pellets  in  30-inch  Circle  at  40  Yards  from  different  Weights  of  Shot  Charge  in  Ounces.

l i I I f l i One i i IL
16 I i

B B 80 75 72 69 66 63 60 56 52 4 9 4 5 42 3 9 36 3 3 29 26
B 90 87 83 80 7 5 7 1 67 64 60 56 52 4 9 4 5 42 38 34 30
I 112 108 104 9 9 9 4 89 85 80 7 5 70 66 60 56 51 4 7 42 3 7

2 135 129 123 11 7 112 106 lO I 95 90 84 78 7 3 67 61 5 5 50 4 5

3 158 150 144 138 13 1 123 117 I I I 105 98 91 84 78 72 66 59 5 3

4 192 183 175 167 159 15 1 143 135 128 119 I I I 104 96 87 7 9 72 64
4 i 225 2 14 205 196 18 7 17 7 168 159 150 14 1 132 122 113 103 9 3 84 7 5

5 247 237 227 216 206 196 186 17 5 165 155 145 135 124 113 103 93 83
5 i 270 258 247 236 225 2 14 203 191 180 169 157 146 135 124 112 lO I 90
6 303 291 278 265 253 241 228 2 15 202 189 17 7 164 151 139 12 7 II 4 lO I

338 324 310 295 281 267 254 239 225 211 197 182 169 154 140 12 7 113
7 383 367 3 51 3 3 4 3 19 303 287 2 71 255 239 223 207 191 175 159 143 128
8 506 485 464 4 4 3 422 401 380 359 338 317 296 275 254 232 2 I I 190 168
9 652 625 598 571 5 4 3 515 489 462 4 3 5 407 380 363 336 299 272 244 217
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C H A P T E R II

FACTORS AFFECTING PATTERN

IT was explained in Volume II that there are four
ballistic elements of a shotgun and cartridge, namely
Pressure, Velocity, Pattern and Recoil; and that

aU four were interdependent. I have already dealt fuUy
with the elements of Pressure, Velocity and Recoil, but we
have now come to a stage in our consideration of the
ballistic element of Pattern when we must study the
effects of its interdependence with Pressure and Velocity.
Recoil, as has been seen in Volume II, is really a function
of Velocity, and so does not in itself have any direct effect
on Pattern.

However, before we begin to consider the effects of
ballistics and other factors on pattern it will be as well to
bear in mind that an ideal pattern should be spread per-
fectly evenly over the effective area, while the density—
that is the number of pellets in the 30-inch circle— should
be as nearly as possible constant when the same weight of
shot charge made up of any particular size of shot is fired
from the same barrel. These are two of the essential
attributes of a good pattern, and any factor which tends
to make a gun give uneven or irregular patterns is detri-
mental to good results in the actual shooting field.

Let us now take these factors in turn.
Pr e s s u r e . The ballistic element of Pressure is the

most important of all the factors which affect pattern.
The standard pressure at one inch is about 2-75 tons
for the ordinary 2j-inch 12-bore cartridge, and if this is
exceeded to any appreciable extent the pattern suffers
considerably, high pressures tending to what are termed
" blown ” or “ scattered ” patterns. Such are obtained
when the total spread of the shot charge is greater than
normal, as the density of the pattern must then obviously
be decreased, while the distribution is never even and
regular. 43
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The higher the pressure the more pronounced is the
scattering effect on the pattern, and ordinary 2j-inch
12-bore cartridges which develop pressures of 3-25 tons
and over will never give such good patterns as those
yielded by cartridges in which the pressure is a ton lower.
And if the pressures exceed this last figure by an}'' appre-
ciable amount the patterns will be so blown and scattered
in an ordinary gun as to be of little practical use.

The expression “ ordinary gun ” has purposely been
used as British game guns are not usually bored with
very heavy chokes, and it is a fact that the greater the
degree of choke the more the scattering effect caused by
pressure is overcome. A fuU choke, for example, wiU give
fairly evenly distributed and regular patterns with high
pressure cartridges ; yet those same cartridges would
prove useless in an improved cylinder gun on account of
the blown patterns. But even in the case of the full choke
the density of the pattern would suffer, and the actual
count of the number of pellets in the 30-inch circle at
40  yards  would  be  appreciably  less  than  that  given  by  a
combination of the same gun and cartridges developing
a lower pressure.

It wiU, therefore, be reahsed that a high pressure spoils
both the even distribution and the density of the pattern,
although these evils can be counteracted to a certain
degree by choke, and the heavier the choke the better the
results. And in this connection it should be understood
that a high pressure does not necessarily mean a danger-
ous pressure, or one which is likely to strain the action in
any way. When considering pa-ttern a pressure should
be regarded as high which exceeds the standard by more
than 0-4 of a ton in the case of a 2j-inch 12-bore cartridge,
or by a proportional amount in the case of those cart-
ridges in which the standard pressure is appreciably higher
than that developed in an ordinary 12-bore.

Low pressures have an exactly opposite tendency to
high pressures and help to increase the density and
regularity of spread of a pattern. This fact can be so
marked  as  to  result  in  a  badly  bored  gun  giving  quite
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decent patterns with very low-pressure cartridges when
it would give but poor and irregular, or “ patchy,”
patterns with cartridges which develop standard ballistics.

But the pressures must not be too low, or the quality
of  the  pattern may fall  off  altogether.

In an ordinary 12-bore the pressure should never be
less than 2 tons, and it is always better to regard this
as the lowest working minimum.

Since this  figure  is  0-7  of  a  ton lower than the normal
British standard, and since these " soft ” pressures help
the pattern the reader wiU probably wonder why cart-
ridges are not loaded to develop these lower pressures.
This point has really been dealt with in Volume II, but
it may be as well to point out again that it is never advis-
able to work to a minimum hmit. If the average pressure
developed by any batch of cartridges is only slightly over
2 tons, a number of cartridges in that batch will be giving
pressures which are considerably lower, and the velocities
developed by these cartridges wiU be too low for sporting
purposes. For it is no use to concentrate on obtaining
the very best possible patterns unless the striking veloci-
ties of the pellets are sufficiently high to ensure penetra-
tion at sporting ranges. And it is for this reason that
the standard of round about 2-75 tons has been adopted.

It should also be remembered that without raising the
pressure to a certain extent it is impossible to meet the
growing demand amongst a wide section of the shooting
public for cartridges which develop a higher velocity
than the standard. If guns were always regulated for
pattern with cartridges which developed pressures of but
2-25 tons, the changes in pattern would be far greater when
using 3-ton cartridges than if the guns had been regulated
for 2-75-ton pressures. ̂

^  I  have  quoted  the  actual  values  for  pressures  which  occur  in
a  2^-inch  12-bore  cartridge  because  it  is  much  the  most  common.
But  the  principles  apply  equally  to  all  sizes  and  lengths  of  cases,
the variations from the standard pressures being proportional to those
which  I  have  given  as  examples.  A  complete  Table  of  standard,
maximum and minimum pressures for every size of British cartridge
k given in Volume II.
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So it is really to the advantage both of the cartridge
manufacturer and the gunmaker to have the standard
pressure on the high side rather than the lo w : the
cartridge manufacturer because he will be less hkely to
suffer from complaints of lack of penetration; and the
gunmaker because his guns will hold better patterns with
lively cartridges.

The reason for this influence of pressure on pattern
is probably to be found in the deformation of the shot
pellets which compose the charge; although some
authorities lay a proportion of the blame on the muzzle
blast.

But the question of peUet deformation is undoubtedly
of primary importance, as it has a most potent effect
on the whole spread of the shot charge during flight,
both laterally and longitudinally. It was touched on
in the last chapter and considered in Volume II, and
detailed repetition is unnecessary. So I will only state
here that the whole shot charge receives a sudden blow
on the ignition of the powder and possibly a check when
it passes the chamber cone and enters the bore, and
another check when it passes the choke. Both this
blow and these checks must make the pellets bang up
against each other, while the outside pellets must suffer
considerably from their contact with the cones at the
head of the chamber and the beginning of the choke.
Further, during the actual passage of the shot charge
along the bore the outside pellets must be abraded by
friction, while the whole charge must be pressed together
with such force that the inner pellets will tend to become
misshapen.

The result is that a certain amount of deformation
of a proportion of the pellets in the shot charge is in-
evitable ; and the greater the deformation, both in the
variation from the spherical and the number of pellets
so misshapen, the greater must be the number of pellets
which cannot be relied upon to travel in approximately
true trajectories during their flight through the air.

Now the greater the gas pressure the more violent
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must be the banging and jostling which the pellets
receive, especially on the initial impulse and during
their passage of the first part of the bore. And so it
is not difficult to realise that the pattern suffers in
consequence.

So the evil influences of high pressures wiU be readily
understood, the whole tendency being to scatter the
shot charge to an excessive degree. It is also not diffi-
cult to appreciate why a heavy choke helps to overcome
this tendency since the action of the choke is to con-
centrate the shot charge.

Very low pressures give bad patterns simply because
the very fact that they occur shows that the combustion
of the powder is not normal. In such circumstances
the pressure and velocity will be extremely irregular,
and so it is easy to realise that the patterns will be
erratic.

Ve l o c i t y . The element of Velocity tends to have
a similar effect on Pattern as has Pressure, that is, a
high velocity helps to make the patterns scattered and
irregular while a low velocity helps towards an even
distribution and an increase in density. These effects
can no doubt be explained in part by the fact that as a
rule high pressures and high velocities go together as do
low pressures and low velocities. But even when every
allowance has been made for the effects of pressure it
would seem that there still remain further effects which
can only be attributed to velocity. For example, it
frequently happens that the pressures developed by
two batches of cartridges are almost identical, although
the velocities of one batch are considerably higher than
those of the other. In such cases the patterns given by
the cartridges with the lower velocities are almost in-
variably better than those obtained with the other
batch, even when both lots are fired in the same barrel.
This might seem conclusive evidence, yet even so I am
not at all sure that the high velocity deserves all the
blame. For by the use of special powders it is possible
to obtain high velocities in conjunction with good
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patterns, and this would seem to absolve velocity. Such
powders are not always suitable for use in 12-bore
cartridge-cases shorter than 2f inches, but cartridges of
this length need heavier guns than can be used with
effect and comfort by the average man under modern
shooting conditions in Great Britain.

In order to obtain increases in velocity in the ordinary
2 -̂inch cartridge, heavier powder charges are usually
necessary, and although such charges may not seem to
increase the pressure unduly, the extra bulk of powder
is not completely converted into gas so quickly as the
normal charge. This tends to somewhat higher pressures
near the muzzle ; and any increase in pressure at this
end of the barrel must cause a corresponding increase
in muzzle blast, which might easily have a most dis-
turbing effect on the shot charge, and therefore on the
pattern.

With ordinary cartridges comparatively slight in-
creases in observed velocity— that is up to 1,100 f.s.,
or thereabouts— do not in themselves have much effect.
But when an observed velocity of about 1,150 f.s. is
passed the patterns begin to suffer.

The remedy is the same as that for high pressures,
namely plenty of choke. And if good patterns at long
ranges are desired when cartridges are being used which
develop an observed velocity of 1,150 f.s. and over, a
half-choke gun is essential, while a full choke is better
still. And even when these heavily choked guns are
used the patterns wOl not be so close as they should be
for the borings : that is, a fuU choke wiU no longer give
a 70 per cent, pattern, nor a half choke one of 60 per cent.
In fact 65 and 55 per cent, would probably be as much
as could reasonably be expected from the two types of
boring respectively. And when the observed velocity
is round about 1,200 f.s., even a full choke wUl seldom
give a denser pattern than 55 per cent.

On  the  whole,  I  think  it  is  correct  to  assume  that
high velocities do tend to scatter the pattern to a certain
extent. But I think this tendency is frequently exag-
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gerated and that other causes, such as muzzle blast,
enter the arena.

The reason for this detrimental effect on pattern can
be attributed almost with certainty to the greater defor-
mation of the peUets which must accompany any increase
in velocity. The higher the velocity with which the
shot charge travels down the bore the greater must be
the effects of abrasion on the peUets; the deformation
caused by the jostling together which the pellets receive,
and the sudden check in velocity due to the choke. And
in this connection it must be remembered that any
increase in observed velocity represents, in round figures,
double that amount of increase in muzzle velocity,
which means that the acceleration of the shot charge
during its journey down the bore must be correspondingly
greater.

And this suggested explanation is supported by the
fact that the effect of velocity on pattern differs in one
important respect from that of pressure in thst the
pattern never seems to suffer from abnormally low
velocities provided the pressures are satisfactory. Such
a ballistic combination occurs when light powder charges
are used in conjunction with extra heavy charges of
large sized shot, and when cartridges are loaded on this
principle the patterns are usually very good.

In view of the fact that one of the causes of pellet
deformation helped by a high velocity is the sudden
check resulting from the choke, it might reasonably be
thought that a true cylinder would be less susceptible
in the matter of patterns to high velocities than other
types of boring. As a matter of fact the reverse is the
case, and true cylinders are so unreliable when used
with cartridges which develop an appreciably higher
velocity than the standard that they can be regarded
as almost useless. The explanation probably is that
whatever reduction there may be in peUet deformation
resulting from the absence of choke is more than counter-
balanced by the steadying control which the choke
exercises, especially if there is undue muzzle blast.
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T u r n o v e r . In the case of cartridges sealed with
over-shot wads and a turnover, the turnover can influ-
ence pattern to a tremendous extent, but this influence
is indirect rather than direct. I have already dealt at
great length with the effects of turnover on both pressure
and velocity, and so will not repeat myself here. But
in view of the intimate connection between turnover
and pressure and velocity, the effect of turnover on
pattern is not difficult to understand. In fact so great
is this effect that an experienced and skilful loader can,
by varying the turnover, load up cartridges to give
almost any desired pattern, within reasonable limits,
in any particular gun. By making the turnover very
heavy he wiU raise the pressure and get more open
patterns in a gun bored with plenty of choke; a light
turnover will reduce the pressure and so help an open
shooting gun to give a denser pattern ; and similarly, a
light turnover will reduce the tendency of an indifferently
bored gun to throw uneven, irrregular and patchy patterns.

From  this  it  might  be  argued  that  a  light  turnover
is all to the good. But it must be remembered that a
light turnover lowers the ballistics, and the velocity is
then frequently insufficient to ensure adequate penetra-
tion at long, or even moderate, ranges. Further, a
light turnover will not stand up to ordinary usage in
transit and the shooting field. The shaking which
cartridges must inevitably receive when being carried
about will, in time, tend to loosen the turnover ; and
the lighter the turnover the more rapidly does this loosen-
ing set in. And when this occurs the ballistics can be
lowered to such an extent that the cartridges give mere
“ squib ” effects and are, of course, quite useless against
game.

So it will be seen that too light a turnover is fatal.
But too heavy a turnover is almost as bad owing to

its detrimental effect on pattern. For although a close
shooting gun can be made, by this means, to give more
open patterns, such cannot be relied upon for regularity
eliber in distribution or density.
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The ideal turnover is unquestionably one which puUs

out at 40 to 45 lb. when tested as described in Volume II.
There is frequently a considerable difference in turn-

over strength between cartridges loaded at a factory
and by a gunmaker. As a general rule, factory loaded
cartridges have a tendency to be loaded very tightly
with heavy turnovers, while the gunmaker’s cartridges
are rather “ soft ” and have light turnovers. The
explanation lies in' the fact that the turnovers of all
factory loaded cartridges are made in machines, while
those loaded by the gunmaker are usually turned over
by hand ; and the machine can naturally bring a higher
pressure to bear. It is for this reason that factory
loaded cartridges do not usually give such close patterns
as those loaded by the gunmaker, and it is also for
this reason that I must confess to a personal preference
for cartridges loaded by a gunmaker. But they must
be well loaded, and some gunmakers are very bad
offenders  in  the  matter  of  too  weak  a  turnover,  so  this  is
a point to which particular attention should be paid.

And here I may mention that the fact that a par-
ticular gunmaker’s name is printed on the case, and even
on the over-shot wad, is no proof that he loaded the
cartridges on his own premises, although he may have
done so. Cartridges are commonly loaded in 'the factory
for individual firms of gunmakers in aU parts of the
world, and cartridges which bear the printed legend,
both on case and wad, of a gunmaker’s or cartridge-
dealer’s name and address are just as likely to have
been loaded at Birmingham as at Dusteypur or Green-
hornfontein.

I would like to make it quite clear that I am casting
no aspersion on factory loaded cartridges. They are
excellent; and I would always prefer to use them to
those which had been loaded by some gunmaker whose
work in this respect was an unknown quantity. My
preference for cartridges loaded by gunmakers is rigidly
confined to those loaded by certain firms who have made
a special study of this work.
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One point, however, is of paramount importance and
needs special emphasis.

When any gunmaker, or shooter, is testing a gun for
pattern it is absolutely essential that the tests are made with
similarly loaded cartridges to those which will he used in
the actual shooting field.

For a gun may give quite respectable patterns with
the possibly weak cartridges used by the barrel regulator,
which he has probably loaded up himself ; but this same
gun may give very different and altogether inferior
patterns with the more lively cartridges which the shooter
uses  in  the  field.

And in this connection gunmakers should be very
careful in the selection of the cartridges used by the
barrel regulators when finishing off the barrels and test-
ing them for pattern. If the barrel regulator loads these
up himself it is more than probable that they will be
on the soft side. After all, the regulator wants to get
the best possible pattern, and it is only human nature to
help this end by loading.

So  the  gunmaker  should  be  sure  that  all  his  guns  are
regulated with exactly the same cartridges as those
which he sells to his customers for use against game.

The importance of this point is undoubtedly realised
by  many  gunmakers,  but  it  certainly  is  not  by  all.

This applies especially to guns in- which crimped
cartridges wiU mostly be used.

W a d d i n g . I am inclined to think that after pressure
the wadding is the most important of all the factors which
affept pattern.

And the most important part of the wadding is the
felt w a d ; and in the term " felt ” I include any sub-
stitutes for felt which may be used.

The object of the felt wad is to seal the bore com-
pletely behind the shot charge and so ensure (i) that
the full force of the expanding powder gases is utilised
to the maximum advantage; and (2) that no gas can
escape past the felt wad itself and so disturb the shot
charge in the bore.
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This is an ideal shape for the butt of a shot pistol
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These two purposes are only achieved when the felt

is both firm and elastic, a combination which is possessed
by the very best quality felt but which becomes more
and more lacking as the quality of the felt deteriorates.

If the felt is too hard, too soft, or not sufficiently
“ springy ” or elastic, the objects of the wad are not
completely fulfilled and the pattern suffers in conse-
quence. And this in spite of the fact that both the
pressure and velocity developed are satisfactory.

I have been aware of the influence of the quality of
the felt wad on pattern for many years, but it was brought
home  to  me  so  forcibly  in  1926  that  I  have  paid  more
attention to this point ever since than almost to any
other in connection with cartridge loading.

I was asked out to what I knew would be a fairly
heavy day’s rabbit shooting, and thought I would
economise by using cheap cartridges. Accordingly I
bought 200 specially for the occasion. As a matter of
interest I shot a few for ballistics before the day and
found that the pressures and velocities were both normal,
although I did notice that the felt wadding looked
pretty horrid. However, I consoled myself that it was
only for rabbits and hoped for the best.

In some ways that day was a tragedy. I killed
rabbits aU right at near distances, that is under about
20 yards ; but I do not believe I kiUed a single rabbit
clean at anything approaching long, or even medium,
range. It was not that I was shooting particularly
badly:  I  would  roll  a  rabbit  over,  but  it  would  get  up
and go on again and need a second barrel. And even
then it would seldom be killed. This happened so
continuously that I gave up anything but close shots,
when I killed fairly well.

Two days later I tested some of the cartridges which
I  had  left  over  for  pattern  in  my  gun.  The  patterns
were so patchy and irregular as to be quite useless, and
everything was explained. The cause of the bad pat-
terns was proved beyond doubt to be the felt wadding,
as  I  reloaded  some  of  the  powder  with  good  felt  wads
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and got excellent patterns, while cartridges loaded with
some of the felt wads extracted gave bad patterns
irrespective of any powder tried.

I have never forgotten that lesson : yet it is sad
to think that any attempt of mine to economise in such
matters seems to be doomed to inevitable failure.

And, by the way, why is it that most shooters regard
any inferior brand of cartridges as " being good enough
for rabbits ” ? I admit that I am inclined to sin in
this manner myself ; but it does seem rather bad luck
on the rabbits.

Some years ago I found myself next to a very good
shot at a covert shoot. During the first drive we were
both flanking a big covert, he walking about 50 yards
ahead  of  the  beaters  while  I  kept  just  in  rear  of  their
line. Several birds broke out over him and he hit them
all, but did not kill one, every bird either carrying on
or being a runner. The wind happened to be blowing
from him to me and I caught the unmistakable smell
of a particular continental powder. The smell was so
pronounced that I guessed that the combustion was not
satisfactory, but naturally kept silent.

Later on in the day my neighbour complained of
the lack of killing power displayed by his cartridges and
so  I  asked  him  whether  he  would  mind  letting  me  have
a few to test. He kindly consented, and subsequently
I found that the pressures and velocities were both very
feeble owing to the incomplete combustion of the powder
due to the use of an unsuitable cap. In reply to my
letter telling him of the result this sportsman stated that
he had a number of these cartridges left, but that he would
" keep these for rabbits,”

Now this is an entirely t3rpical attitude. The great
majority of shooters seem to think that anything is
good enough for rabbits. But is this fair on the rabbits ?
After all, common though they be, they are most sporting
little beasts and very tenacious of life. They do an
immense amount of damage and must be killed. But
I think that they deserve that every reasonable effort
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should be made to ensure that death is swift. Indifferent
cartridges may easily mean a large proportion of wounded
rabbits which die later in their holes.

But I seem to have left the subject of wadding.
There are many grades of felt used for wadding, but

of  actual  felt  the  white  is  by  far  the  best,  although  even
this varies in quality. The cheaper felts are brown, and
the very cheapest can be puUed apart easily with the
fingers. Wads made of this last grade of felt are almost
useless if any sort of qucdity of pattern is desired.

Sometimes the felt wad and the over-felt card wad
are combined in one, the card wad being replaced by a
disc of thick paper which is glued to the felt. This type
of wad is widely used in America, one theory in its favour
being that as the ordinary card wad does not expand
effectively during the passage of the charge up the bore
it is advantageous to replace it by felt, retaining only a
piece of stout paper to separate the shot pellets from the
felt.

But there is also the theory that a more effective
sealing of the bore is obtained by compressing the felt
wad between two fiat card wads than between one such
wad and the shot charge.

I fancy that the truth is that the nature of the felt
is of far more importance than the exact thickness of
the  wad,  and  that  when  the  same  quality  of  felt  is  used
there  is  little  to  choose  between  the  results  obtained  by
either method. Further, that the combination of the
over-felt card and the felt wad in one simphfies the work
of the loader or the loading machine, and that this last
is the controlling factor in the determination of the single-
wad system.

Until 1937 the only serious substitute for actual felt
which had any success was cork, and cork wads have
been dealt with so fuUy in Volume II that their further
consideration is unnecessary. But in 1937 Imperial
Chemical Industries, Ltd., brought out their new air-
cushion wad, which has also been dealt with at length in
the Second Edition of Volume II. These wads tend to
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reduce irregularity to a minimum, for the real elastic
substance in them is ordinary air than which nothing
can be more consistent in behaviour and density, and I
am inchned to believe that they can take their place
alongside high grade felt as a first class type of wad.

Brown  felt  was  also  improved  greatly  in  quality  at
about the same time and at present I doubt whether
there is much to choose between the very best grades
of either white or brown felt and air-cushion wads.

The wads should aU be inserted absolutely squarely
into the case when loading, as slanting wads tend to
throw the pattern to one side and scatter it.

I do not think that the thickness of the over-shot
card wad has any noticeable effect on pattern, but have
always expressed a possibly unreasonable preference for
as thin a card wad as possible.

The felt wad is believed by some to be forced at times
into the middle of the shot charge when the latter is
just clear of the muzzle. This would naturally ruin the
pattern, and to overcome this risk some loaders use two
thinner felt wads instead of one thicker one with a very
thin card wad in between them so as to prevent any
risk of their sticking together. This idea is by no means
new, and is also adopted by various American loaders
with the exception that they use felt wads with stout
paper discs stuck on the ends and leave out the thin
card wad.

This principle cannot possibly have any ill effect, and
it  seems  probable  that  it  is  an  improvement  in  that  it
reduces the risk of a single heavy wad being forced into
the shot charge and so increases the chances of regularity
in pattern. The only disadvantage about it is that it
increases the work of loading, and so adds slightly to
the cost of the cartridges.

Anything in the nature of loose wadding is fatal to
the  pattern,  as  the  powder  gases  force  their  way  past
the wads and scatter the shot charge. Loose wadding is
probably one of the most fruitful causes of " bailing,” a
phenomenon which wiU be considered in the next chapter.
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The actual effects of good and bad wadding are

shown in the diagrams in Fig. 3.
Po w d e r . Many gunmakers and many writers on

shooting matters have declared that the kind of powder
used has a great influence on pattern, some powders
producing much better patterns than others. I am,
however, very doubtful as to the truth of this common
belief. I have, for example, been told by one gun-
maker that a particular powder never gave bad patterns

B

F i g .  3.— How wadding affects, the pattern.

A— Good-quality felt wadding. The felt wad has expanded and sealed
the  entrance  to  the  bore,  thus  preventing  any  escape  of  gas.

B— Loose  wadding.  The  diameter  of  the  felt  wad  is  too  small  to  permit
effective  expansion,  and  the  gases  force  their  way  round  it  and  break  up  the
shot charge.

If the felt wad is too hard the effect is similar.
N .B .— For purposes of clarity the pitch of the chamber cone has purposely

been greatly exaggerated. A section of the breech end of the bore drawn
to  scale  is  shown  in  Fig.  4.

and have been told just the opposite by another gun-
maker of equal reputation, experience and standing. I
fancy that the truth is that there is little to choose
between any of the various kinds of really high grade
powders, and that all are, on the average, equally good.

It frequently happens that batches of the same
powder vary in violence, and if one gunmaker wants
to try a change of powder and happens to get hold of
rather a violent batch he wiU probably get less regular
patterns than usual. Quite naturally he wiU blame the
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powder and never use it again if he can avoid doing so,
when all that really happened was that he was un-
fortunate in the particular batch he tried.

No matter how careful the powder maker is, certain
degrees of variation in combustion are almost inevitable
between different batches. But the better the grade
of powder the greater the degree of control which can
be exercised in manufacture, and the less the difference
between batches. For this reason very cheap powders
are far more likely to give variable results.

It is always better to use the same brand of powder
which was originally used in the regulating of the gun,
and whatever this brand is I fancy the results will be
equally good. This is on the assumption that the powder
is one of the recognised high grade powders which are
always used for regulating for pattern.

Of course I am not now aUuding to powders which
are specially made for loading in long cases, and I am
assuming that the correct type of powder is used for the
particular length of cartridge-case for which the gun is
chambered.

Ca p . It has already been explained that the proper
matching of the cap to the powder can have the greatest
influence on the resulting ballistics. Pattern must be
included in these. But the effects of the cap are indirect
as  they  are  caused  by  the  resulting  variation  in  pressure
and velocity.

So any sportsman whose guns give good patterns
will be iU-advised to use cartridges fitted with caps of a
different nature or type from those which he has used
previously without first testing his guns most carefully
for pattern.

We a t h e r a n d  Te mpe r a t u r e . The weather and
temperature can together constitute a most powerful
factor m connection with pattern, but here again their
effect is indirect, the actual cause of the variations
produced being high pressure.

As I have already explained, shotgun powders con-
tain a certain percentage of moisture, and this percentage
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is reduced by spells of hot, dry weather. The result is
that the combustion of the powder becomes more violent;
the pressures rise ; and the patterns suffer.

It frequently happens that sportsmen complain of
an excessive percentage of wounded birds during the
opening of the grouse and partridge seasons, and such
complaints always coincide with hot weather. Quite
naturally the sportsmen think that their cartridges are
weak; and they write indignant letters to their gun-
makers.

But the exact opposite is the truth. The hot weather
has lowered the moisture contents of the powder, which
has become more violent, and the resulting high pressures
have produced blown and scattered patterns, especially
in guns which are not bored with an appreciable degree of
choke. The result is that even a bird which is well
centred in the pattern may receive but a single pellet
instead of three, four, or even more ; and unless that
pellet strikes some particularly vital spot, such as the
brain, the bird is wounded instead of being killed outright.

I  have  investigated  very  many  such  complaints
and the results have always been the same— high pres-
sures. But there are few things I know more difficult
than to convince a shooter who is wounding birds that
his cartridges are not too weak but too strong. Yet
cartridges must be very weak indeed before they fail to
kOl at ordinary sporting ranges, say under 35 yards.
And cartridges on the “ soft ” side wiU, as a rule, kill
better at such distances than those which develop full
pressures and velocities, because the reduced ballistics
help to increase the density of the pattern and so a bird
is  hit  by  a  greater  number  of  pellets.

Nevertheless I know that sportsmen will continue to
complain about their cartridges being “ weak ” in hot
weather until the end of time.

There are two remedial measures : the use of guns
which are, at the very least, quarter choked; and of
a powder which is not so sensitive to variations in
temperature.
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Siz e o f  Sh o t . There is a very general belief that
guns will give better patterns with some sizes of shot
than others, owing to the fact that layers of certain
sizes fit better into the case or bore ; but I am inclined
to doubt whether this variation is an5d;hing like so great
as is frequently imagined. No. 5 shot, for example,
has often been given a bad name, but I have tried several
well-bored guns for pattern with this size and the results
have been just as good as could be expected. There are
fewer pellets of No. 5 in a charge than of No. 6, and so
the pattern with the larger size cannot be so dense as
when the smaller is used. Many men, when they are
assessing patterns, seem to be influenced unconsciously
by the obvious reduction in density and then declare
that that particular gun will not shoot with No. 5. The
truth  is  that  while  it  may  have  been  giving  an  approxi-
mate 50 per cent, pattern of, say, 142 with No. 6, it will
only give a pattern of 114, or 49 per cent., with No. 5.
The  difference  in  the  looks  of  patterns  of  142  and  114
is certainly great, and the larger size is condemned in
spite of the fact that the percentage of pellets in the
30-inch circle was practically the same as before.

As I explained in the last chapter, one cannot expect
to obtain the exact theoretical percentage of density
every time, and patterns must always be assessed with
an open mind.

Even distribution is of first importance, and i f a gun
gives evenly distributed patterns with any particular size
of shot, the fact that the density may be even 5 per cent,
below the theoretical standard can be disregarded ; especially
if  the  correct  density  is  attained  with  another  size  of  shot.

But if the distribution of the pattern is patchy and
uneven it should be condemned at once. For a patchy
and uneven pattern of 140 is not so useful as a perfectly
distributed pattern of 120.

I am, of course, writing of the means of series of shots :
the result of a single round should never be relied upon.

As  a  rule  very  large  shot,  such  as  BB,  seems  to  give
better and comparatively denser patterns than the
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ordinary sizes. This is probably because the large
pellets suffer less from distortion. Very small shot,
on the other hand, gives irregular results because the
pellets are naturally more affected by deformation.

But with normal shot sizes I am inclined to the view
that there is little practical difference in the patterns
given by a weU-bored gun with different sizes of shot
beyond the natural reduction in density.

Ha r d n e s s o f  Sh o t . Very soft shot is more liable to
deformation than hard shot, and on this account soft
shot does not give such regular patterns as hard.

In actual practice, however, at the present time
almost all makes of shot, both British and foreign, are
of such a similar degree of hardness that the variations
in patterns due to this cause can be regarded as non-
existent.

Sh a pe o f  Sh o t . A certain amount of deformation
in  a  proportion  of  the  pellets  in  every  shot  charge  is
inevitable, but this is no reason why the most careful
precautions should not be adopted in manufacture to
ensure that the pellets are perfectly spherical. If the
pellets are badly shaped in the first place, there is not
the same chance of getting a good pattern. So the
makers of shot should pay special attention to this point.

It  is  equally  important  that  the  pellets  should  be
graded accurately for size; that is the weights and
diameters of the pellets of any single size should be as
nearly as possible constant.

I am inclined to think that in both these respects
American shot is sometimes superior to British.

Le n g t h o f  Sh o t  Co l u mn . By this is meant the
length of the shot charge when in the bore of the gun.
In a i2-bore gun a shot charge of i j must obviously
make a longer colurrm than one of but an ounce. In
this case the difference is so slight as to be negligible;
but when we come to " magnum ” sizes— t̂hat is guns
bored to take extra long cases containing charges approxi-
mately the same as those normally used in a gun at
least a size larger— the difference is pronounced. A
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3-inch 12-bore, for example, can fire the lo-bore charge
of ounces of shot; and a 3-inch 20-bore takes an
ounce, a charge which is usually associated in British
guns with a 12-bore.

It has been explained in Volume II that a long shot
column tends to raise pressure, a shot charge of one
ounce always giving a considerably higher pressure in a
20-bore than in a 12.

This increase in pressure must, and does, tend to
scatter the pattern. But in actual practice this effect
is not so serious in these magnum guns as it might be,
because such guns are almost always very fuUy choked
since they are usually intended for long-range work.
So the net result probably is that the patterns from
these guns are perfectly satisfactory up to a point, but
they are not always quite so dense as they should be
according to the theoretical capabilities of the boring.

Siz e o f  Bo r e . The reader will very likely wonder
whether the percentages of pellets of the whole shot
charge found in the 30-inch circle are really constant for
all sizes of bore. It certainly does seem curious that a
half choke 20-bore, for example, should only give the
same percentage density of pattern as a half choke
lo-bore.  But  the  reason  lies  partly  in  the  fact  that  if  a
customer orders a half choke gun the gunmaker regards
this to mean that a 60 per cent, pattern is desired, and
he regulates the gun accordingly. It will not always
foUow that 20 " points ” of choke (which is a half choke)
will result in a 60 per cent, pattern in any size of gun,
although this relation is sufficiently true for all practical
purposes.  One  might  think  that  a  20-bore  would  show
less total spread than a 12-bore, and it often does : but
the difference is so slight as to be negligible. It can best
be appreciated by the fact that I was once informed
by a very skilful barrel-regulator that he usually found
it easier to get a 70 per cent, pattern out of a full choke
20-bore than out of a full choke 12.

I  have  sometimes  heard  of  a  small-bore  gun  which
could place the entire shot charge within some amaz-
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ingly small circle at 40 yards. But I have never been
able  to  get  hold  of  such  a  gun.  I  have  tested  an  abso-
lutely fuU choked -410, but the pattern was less than
70 per cent.

So I think we can take the percentage basis for the
classification of choke as being sufficiently correct for
all sizes of bores, at any rate for purposes of practical
sport.

The fact that small bores seem to give a slightly
greater relative spread of the shot charge in comparison
to the diameter of the bore than do 12-bores is probably
explained by the higher pressures which are prevalent
in the smaller bores. This is also the probable explan-
ation for the further fact that the small bores seem
less sensitive in their patterns to the effects of turnover
and wadding. The pressure being normally on the high
side a certain amount of choke is always necessary to
regularity of pattern, and this choke helps to nullify the
results of vagaries in pressure and gas blast.

Le n g t h o f  Ba r r e l . The movement in favour of
shorter barrels which became pronounced between the
years 1925 to 1935, although in reality it was but a
recurrence of old ideas, may have made many shooters
wonder whether the reduction in barrel length has any
effect on pattern.

The shorter the barrel the nearer the muzzle is brought
to zone of higher pressure in the bore, and so the greater
the risk of muzzle blast. But this risk is not noticeable
for barrels as short as 27 inches, at any rate, and even
a little more might be taken off with impunity.

At  25  inches,  however,  the  muzzle  blast  seems  to
make itself felt and improved cylinder guns with this
length of barrel are frequently more difficult to regulate
for pattern in consequence. But the adoption of a
slight choke helps matters considerably.

Any reduction in length below 25 inches would in-
crease the muzzle blast stiU more, and the gun would be
correspondingly difficult to regulate.

If  any  shooter  orders  a  gun  with  short  barrels  and  is
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exercised in his mind about the pattern, all that he
need do is to see the gun tested. If the patterns are
even and regular he need not worry further. But he
should make a point of seeing such a test carried out, as
very short barrelled guns undoubtedly are more prone
to the effects of muzzle blast than those with longer
barrels.

We i g h t o f  Ba r r e l s . Guns fitted with very light
barrels do not, as a rule, give such regular patterns as
those with heavier barrels. The late Mr. R. W. S.
Griffith explained this by the suggestion that heavier
barrels have a larger amount of metal left at the actual
muzzle which, by its resistance to expansion, acts some-
thing after the nature of a choke.

This is a point which should be remembered at the
present time when gunmakers seem to be vieing with
each other in the building of feather-weight 12-bores.
A  barrel  in  which  the  walls  near  the  muzzle  are  very
thin and light may be perfectly safe and may help to
concentrate the total weight of the gun between the
hands;  but  it  is  not  so  likely  to  give  regular  patterns
as a somewhat thicker and heavier barrel.

St a t e o f  Ba r r e l . B y this I am alluding to the
condition of the inside of the bore. The better this
condition is, the more regular will be the patterns.
Pitting, however, tends to irregular patterns as the
pits in the surface of the bore may provide little channels
by which the powder gases can escape past the wads.

Dents and bulges have a similar effect, and should
consequently be seen to as soon after detection as
possible.

Then there is the question of oil in a barrel. Should
this be wiped out before the gun is used or not ?

Now a shotgun barrel is designed and regulated to
give regular patterns imder conditions in which it will
be actually used, and these conditions entail a certain
amount  of  fouling  in  the  barrel.  An  oUy  barrel  sets  up
a different type of conditions from those imposed by a
dry and slightly fouled barrel, and consequently the
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pattern  from  an  oily  barrel  is  not  likely  to  be  typical  of
those obtained when the barrel is fouled by firing.

For this reason it is always advisable to fire a round
through a clean barrel before beginning any test for pat-
tern, and it is as weU to remove as much oil as possible
from the bore before starting off on a day’s shooting.

Le n g t h o f  Ca r t r id g e -c a s e . The cartridge-case
should be of just the right length to fit the chamber.
That is when the turnover is opened out the end of the
case  should  approximately  coincide  with  the  beginning  of
the chamber cone. The felt wad will then enter and seal
the bore (provided the chamber cone is not too long)
without giving the powder gases any chance of rushing
past it.

But if the cartridge-case is too short for the chamber

F i g . 4.— Section  to  scale  of  the  breech  end  of  a  12-bore  barrel,  showing  the
pitch  of  the  cone.

or if the chamber cone is too long, the powder gases
may be able to escape past the felt wad before the latter
has entered the bore because the diameter of the felt
wad  is  less  than  that  of  the  chamber  or  the  rear  end  of
the chamber cone.

And when gas escapes past the wadding there is
always a pronounced tendency to irregular patterns.

The Americans favour a long column of felt wadding,
and this is undoubtedly a very sound view point when
guns are used which are bored with long chambers,
long chamber cones, or both. For the longer the column
of felt wadding the less the chance of the powder gases
escaping past it in a gun with a long chamber cone, or
when cartridges are used which are rather short for the
chamber,
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But if the chamber cones are not too long and the
cartridges fit the chambers, an exceptional length of felt
wadding becomes unnecessary.

If  cartridges  are  used  which  are  too  long  for  the
chambers the pressures generated will be excessive and
will cause irregular patterns irrespective of the risk of
straining, or even smashing, the gun. And cartridge-
cases which are even slightly too long for the chamber
car tend to uneven patterns and " balling ” (which will be
considered in the next chapter), even though the pressures
may not be unduly high.

For these reasons it is always important to use
the proper length of case for any particular gun, the
proper length being always stamped with the Proof
Marks on the flats of the barrels in all British gvms since
1925.

The effects of using cartridges of incorrect length are
shown  in  Fig.  5.  (See  Note  on  page  70.)

Ho l d in g a n d  Sw i n g . I have sometimes heard a
barrel regulator declare that some error in holding was
responsible for a poor pattern. Now any jerk of the gun
at the instant of firing wiU so disturb the aim that the
direction of the trajectory of the shot charge is changed,
and  this  will  result  in  the  pattern  being  placed  at  one
side or other of the plate. When this occurs the densest
part of the pattern may actually have passed to one side
of the plate, and so the count of pellets in any 30-inch
circle which could be drawn would obviously be smaller
than the normal.

But this is a very different thing from a change in
the nature of the pattern; and I cannot believe that
any error in holding can be the direct cause of a patchy
pattern. I have never been able to produce an inten-
tional bad pattern with certainty; nor have I seen
anyone else able to do so. I do not know how widely
this idea is held ; but I think it to be without any founda-
tion of truth.

Very similar is the common belief amongst shooters
that the “ swing ” one gives to a gun affects the pattern.
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imparting a similar effect on the shot to that possessed
by  a  jet  of  water  coming  out  of  a  hose.

This theory is quite erroneous. When water comes
out of a hose, or when a string of shots is fired from a
machine gun, the water and bullets continue to leave
the nozzle of the hose and the muzzle of the gun while
that nozzle and muzzle are constantly changing the
direction in which they are pointing. Consequently the

B

F ig . 5.— How the length of the cartridge-case affects the pattern.

A— Cartridge-case too short. The wadding js not long enough to reach the
entrance to the bore before the gas escapes past it.

B— Cartridge-ca.se too long. The wadding is squeezed over and gas escapes
past it before the felt wad can effect a proper fit in the bore.

V .B .— The pitch of the chamber cone has been purposely exaggerated, as
was explained in the note to Fig. 3, as have the lengths of the cartridge-cases.

water and buUets are distributed over a wider area than
would be the case were the hose or machine gun
stationary.

But  in  a  shotgun  the  column  of  shot  is  only  about
one inch long when it leaves the muzzle, and the average
velocity  of  exit  is  about  1,300  f.s.  So  the  time  which
elapses between the departures of the head and tail of
the shot column from the muzzle is appreciably less than
one ten-thousandth part of a second, the average time
being between o-oooo6 and 0-00007 ^ second.

In this small period of time the barrels of the gun
would not have changed their direction to any appre-
ciable degree, no matter how vigorously the shooter
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made his swing, and consequently the “ water from a
hose ” effect could not possibly be produced.

So it can be assumed with confidence that neither
swing nor any error in holding can have any effect on
the regularity or density of the pattern.

Dir e c t io n o f  A im. In his High Pheasants in Theory
and Practice the late Sir Ralph Payne-GaUwey describes
how he carried out a number of tests for pattern made by
firing various guns vertically upwards on targets com-
posed of sheets of linen which were suspended from kites.
The results of these tests showed that in every single case
a gun, irrespective of its boring, gave markedly less dense
patterns when fired vertically than when fired horizontally
in the normal way.

And since the great majority of shots at birds are
fired, if not vertically, with a very considerable degree
of elevation, some shooters may wonder whether the
pattern obtained in the usual way is a true criterion
of the gun’s behaviour when it is fired up into the air.

Sir  Ralph  Pa3me-Gallwey  gives  a  most  graphic
account of the difficulties ufith which he had to con-
tend during the course of these experiments : the wind
carried targets aw ay; they swung about in the air,
and suffered all kinds of adventures. And I have always
been lost in admiration at the author’s ingenuity and
pertinacity. But I have also thought that the possible
sources of error residting from this method of suspending
a target in mid-air were so numerous and so potent that
it was impossible to accept the results without verification.

It seemed that a simpler and far more definite test
could be made by utilising one of the i20-foot towers
which have been erected at various shooting schools
in order to enable clay targets to be thrown high above
the shooter’s head, and so represent overhead pheasants.

Messrs. Holland and Holland very kindly placed their
tower at my disposal, and I had a wooden frame made
just over 6 feet square and with “ legs ” on one side.
These legs were bolted as near as possible to the top
of  a  i20-foot  tower  and  the  frame  was  thus  held  in  a
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horizontal position nearly 40 yards above the ground
at  the  foot  of  the  tower.  The  frame  was  so  made  that
it could be opened and closed so as to take sheets of
stout paper, each 6 feet square, and the operation of
inserting or changing a sheet of paper could be carried
out quickly and with ease.

I thus obtained an excellent and rigid “ vertical ”
target.

In order to make the comparison between the vertical
and horizontal patterns absolutely exact, the distance
was measured by a cord from this " vertical ” target to
the muzzle of my gun when it was at my shoulder and
pointing at the target. This distance was rather less
than 40 yards, being actually 100 feet. So for purposes
of comparison a series of shots were fired for pattern in
the ordinary way with exactly this distance of 100 feet
separating the pattern plate from the gun muzzle.

In this way the difficulties which beset Sir Ralph
Payne-Gallwey were overcome, and with them the
resulting possible errors.

I anticipated experiencing some difficulty in center-
ing my pattern on the “ vertical ” target, but to my
surprise found it no more difficult to do so than on
the ordinary plate. I may say that the pattern showed
up very distinctly when viewed from underneath, the
holes in the thick paper being very clear when seen
against the sky.

It was thus possible to fire a series of vertical patterns
very quickly, the paper being changed after every shot
by an assistant who came down to the next lower stage
of the tower while I fired.

When the series was completed the targets were
spread out  in  turn on a  table  where they could be exam-
ined at leisure and the circle drawn round the densest
area.

The result of this test with three different guns was
that there was no practical difference whatever between
the mean densities of the vertical and horizontal pat-
terns, while the vertical patterns were equally even and
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regular. So I think that it is but reasonable to attribute
Sir Ralph Payne-Gallwey’s results to some extraneous
circumstances, and to assume that the direction of aim
makes no practical difference in pattern.

N o t e . The American standardisation of the 2|-inch 12-bore
cartridge-case with a crimp turnover for all shot charges of i j ounces
and less raises the question of the effect on patterns when 2|-inch
cartridge-cases are fired in guns with 2^-inch chambers. Owing to
its very nature the crimp turnover needs a longer case than the ordinary
turnover and over-shot card w a d ; and in practice a 2 f-inch paper-
tubed case with a crimp turnover gives a finished cartridge which is
no longer than that given b y a 2 ^ -inch case with an ordinary turnover
and over-shot wad.

Early  in 19391 fired sixty consecutive patterns with crimp turnover
cartridges loaded with ounce of shot in 2 ^ -inch cases from a
quarter choke barrel which normally gives a regular pattern of about
160, or 55 per cent. The mean result was 172, or 60 per cent.

Two months later I repeated the experiment with crimp turnover
cartridges loaded as before but with 2|-inch cases, using the same
barrel  for  the  first  fifty  consecutive  patterns  and  then  a  full  choke
barrel for a further twenty-five. The pressures and velocities developed
b y these two different lots of cartridges were, for all practical purposes,
identical. The average pattern from the quarter choke barrel was
139, or almost 50 per cent.,  and from the full  choke 209, or 73 per cent.
Every one of these 155 patterns was evenly spread and there was no
sign of cartwheel.

Although it would be unwise to regard these tests as final, especially
in  view  of  the  variations  which  can  occur  (see  pages  144  and  145),
they do suggest that the crimp turnover seems to counteract the
drawbacks of a paper case slightly too long for the chamber, particu-
larly if there is ample choke. Even with the quarter choke there was
not  a  single  bad  pattern,  although  the  2|-inch  case  resulted  in  a
reduction in density of 5 per cent, on the normal instead of an increase
of 5 per cent.
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SOME MORE PROBLEMS OF PATTERN

IN the last chapter I have tried to deal with the
principal factors which affect pattern, but the
reader should realise that the subject is almost

inexhaustible and a lifetime would be far too short for a
complete investigation of the subject by any individual.
On April 26th, 1897, the late Mr. R. W. S. Griffith, who
was then Superintendent of the Schultze Gunpowder
Company’s Factory, delivered a lecture on Shotgun
Patterns at the Royal United Service Institution. And
in the course of his opening remarks, when he was explain-
ing the complexity of the subject, he said :

" If anyone is ambitious of carrying out a complete series of tests
for  patterns  I  would  suggest  the  following  as  a  fairly  complete  scheme
for the purpose.

“ Let him try guns of five calibres, of three different weights,
with three lengths of barrel, and two kinds of cone with three methods
of boring; and let him use three kinds of cartridge-case, with three
strengths of cap, loading with, say, six kinds of powder, with three
charges, and powders to show four different qualities as to strength
and rate of combustion. The wadding to be of eight different kinds
between  powder  and  shot,  and  of  three  kinds  over  s h o t;  the  shot
to be of three kinds, and of five different sizes, adapted to lie in the
case  or  not.  Let  the  turnover  be  of  four  kinds  and  shoot  the  whole
at six different ranges.

“  To  take  a  single  shot  under  each  of  these  complications  wUl
involve a series of more than three thousand million rounds; and
as at least six shots are required for a test,  let us say in round numbers
eighteen thousand millions.”

This is by no means an over-estimate of the case and
so both sportsmen and gunmakers should try to remem-
ber that if any individual results are obtained which
may at first appear to contradict the general principles
I have suggested, they should proceed with caution
before concluding that these are wrong. For it may
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well happen that one, or more, additional complications
may be in existence aU unexpected, and that it is these
extraneous circumstances which have reaJly brought
about the contradictory result.

So far I have only dealt with what may be regarded
as normal types of pattern, both good and bad. But
there are two phenomena which are well known in con-
nection with patterns, but which are quite different from
anything that has yet been considered. These phenomena
are Cartwheel Patterns and Balling.

CA R TW H E E L  PA T T ER N S

It sometimes happens that the total spread of the
shot charge is double the normal, and when this occurs
there is no definite centre to the pattern, and the pellets
seem to become distributed around the circumference of
an imaginary wheel. Hence the name “ Cartwheel.”

Since the pellets in such a pattern are distributed
over  at  least  four  times  the  normal  area  it  is  obvious
that the density of the pattern must be reduced greatly.
The reduction is in fact so pronounced that any bird
could fly through the very centre of the pattern without
receiving a single pellet.

Such patterns are consequently useless except through
a lucky fluke in which the bird happens to be struck
by the outsic.e pellets of a badly placed shot which
would have missed altogether had the spread been
normal. But such flukes cannot be regarded as a merit,
and the cartwheel pattern is nothing but a serious dis-
advantage.

The correct explanation for the cause of a cartwheel
pattern was for very many years a matter of conjecture,
but the generally accepted theory was that there were
two factors which were, in all probability, the most
important of the root causes of true cartwheel or badly
scattered patterns. These were the inefficiency of the
wadding between the powder and the shot; and a wad
being caught up by the shot charge immediately after



PL A T E IV

(A) A "  R i n g  B u l g e  ' IN  A  S i n g l e  B a r r e l c a u s e d b v a n o b s t r u c t i o n i n
THE  B o r e

(B) A "  R i n g  B u l g e  ” n e a r t h e  M u z z l e o f a  G u n c a u s e d b y s o m e m u d
STICKING IN t h e  B o RE

It sliould be noticed how the rib is bent at the site of the bulge
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the exit from the muzzle and so breaking up the normal
cohesion of the pellets.

If the wadding between powder and shot fails at any
instant to seal the bore effectively against leakage of the
powder gases during the passage of the shot charge from
the cartridge-case to the muzzle of the gun, the pattern
will be “ blown.” A long column of wadding is probably
a  help,  as  the  more  wadding  there  is  the  less  the  effect
of any irregularity in elasticity of one part of the wadding,
and this was probably the basic cause for the long column
of wadding which is such a feature in many American
cartridges. But if perfect elasticity can be assured—
and  the  best  types  of  modem  wadding  are  very  good  in
this respect— t̂he long column of wadding would seem
to be unnecessary. But there is not the slightest doubt
that good wadding is essential, as I have already
emphasised on many occasions.

But the over-shot card wad stiU remained, and
although cartwheel and scattered patterns were reduced
to almost negligible quantities by the combination of
good felt wadding and heavy chokes, which certainly
helped the cohesion of the shot charge, these uncertain
patterns were still an ever-present possibility.

The years 1935 to 1939 saw the gradual development
of the crimped turnover and the consequent elimination
of the over-shot wad and at the same time the elimina-
tion of the cartwheel pattern. Previous experience had
sounded the warning against jumping to conclusions too
hastily, but the development of spark photographs
brought a new aid to investigation.

The over-shot wad sometimes tends to tilt in the
barrel during its passage up the bore, and immediately
the shot charge leaves the muzzle its lightness causes it
to lose speed more quickly than the shot itself. Usually
it falls away, but if it is badly tilted it is caught up by a
few pellets when the others drive round it. The shot
charge is thus thrown out of its proper cohesion and a
“ cartwheel,” ” scattered ” or ” blown ” pattern is the
result.
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This  is  no  longer  theory  for  a  wonderful  series  of
American spark photographs have shown every phase of
the over-shot wad and the shot charge during their
initial  flight  from  the  muzzle  of  the  gun.

Incidentally this discovery would also seem to explain
why the heavier the choke the less the risk of scattered
patterns. For in the case of a true cylinder gun there
would be no corrective to a tilted over-shot wad, but on
encountering the cone of a choke a slight tilt would tend
to be corrected since the choke imposed a check on the
wad and the shot charge behind it. The heavier the
choke the more pronounced the check and consequently
the more pronounced the correction to any tilt in the
wad.

The discovery of the effect of the crimp turnover—
crimp turnovers have, of course, been known for very
many years and have been used for sealing blank rifle
and revolver cartridges almost since the earliest days of
the solid-drawn brass case— is of supreme importance to
all who are interested in shotguns. I do not think that
it is too optimistic to declare that the combination of
first-class modern wadding and the crimp turnover will
be found to have ended the menace of the cartwheel
pattern.

B AL L IN G

It sometimes happens that a certain number of pellets
in a shot charge become jammed together in little clusters
which make big splashes on the pattern plate. This
phenomenon is known as Bailing.

As a general rule these clusters consist of an5dhing
from two to six peUets, but they are occasionally bigger.
The worst example I have ever seen was a splash on the
plate  nearly  the  size  of  a  halfpenny  in  which  the  marks
of eight pellets could be distinctly seen, while there may
have been more.

Balling is a very serious fault, as when it occurs there
are usually several clusters in almost every pattern. The
results are that the even spread of the pattern must
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suffer through the concentration of so many pellets in
groups; that there is a risk of mangled game, should a
bird happen to be struck by one of these shot clusters ;
and that there is danger to beaters, spectators, passers-by
and other guns owing to the increased range which these
clusters must have as well as on account of the uncertain
direction of their flight.

There are two principal causes of Balling : first, the
w eld in g  together of shot pellets ; and secondly, the f u s io n
of the shot itself.

Welding is caused by the violent impact of the shot
pellets together which is produced by a high pressure,
while the softer the shot the greater the liability to
welding.

The fusion of pellets is the result of the hot powder
gases escaping past the wads and getting in amongst the
pellets of the shot charge.

A badly designed square-cut chamber cone can in-
crease the force of the impact on the shot charge during
its  initial  entry  into  the  bore,  and  so  assist  the  welding
together of the shot pellets. But this point is now so well
understood by gunmakers that it need hardly be con-
sidered. Should any particular gun, however, show a
marked tendency to ball with different lots of cartridges
the chamber cones must come under suspicion and be
examined critically.

The most fruitful causes of balling are high pressure
and gas getting past the wads. Both of these can be
helped by the use of more springy wads which will expand
more readily, seal the bore, and reduce the force of the
impact on the shot caused by the high pressure by acting
as a buffer or cushion.

So  it  will  be  seen  that  balling  can  generally  be
attributed to high pressure, indifferent wadding, or a
combination of both together.

Choke  possibly  helps  to  reduce  balling  as  the  con-
striction of the shot charge during its passage of the choke
may help to break up any clusters which may have formed.
It was for this reason that the late Mr. Griffith declared
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that trae cylinder barrels were far more prone to balling
than those bored with choke, and believed that the
greater the choke the less the tendency to ball.

There is a common belief amongst shooters that the
whole shot charge sometimes adheres together in a single
baU. I will not go so far as to declare that this has never
happened : but I can say quite definitely that no record of
such a thing has ever been noted on any pattern plate
since the plating of guns first began ; that I do not believe
it has ever happened anywhere ; and that I do not
believe it ever could happen.

If a bird is struck by a cluster of six pellets the
resulting wound would be terrific and there would c..r-
tainly be a big hole right through the body which would
give an impression of the passage of a bullet. If the
cluster consisted of a dozen pellets the hole would be still
larger— one has  but  to  see  the splash of  such a  cluster  on
the pattern plate to realise this. If the entire shot charge
did “ ball ” and hit a bird the result would not be a hole
so much as the complete disintegration of the bird, a
phenomenon which has yet to be reported. And in this
connection it must be remembered that a cluster of even
four pellets is quite enough to cut the head of a bird clean
off. Should any reader wish to ascertain for himself the
effects produced by the balling of the entire shot charge,
let him shoot a bird at a rise of under I 2 inches.

What must be the most remarkable case of balling
on record was reported in the British Medical Journal
of June 23rd, 1888, by the surgeon who attended the
injuries of the wounded man. This report was as follows ;

“ W. L., when leading a horse and cart along the road, heard two
shots  in  quick  succession;  the  second  struck  him  in  the  face  and
caused a roundish wound, large enough to admit a finger. The jaw
was broken, and some teeth were carried a w a y; and there was also
a  small  wound  on  the  cheek,  which  might  have  been  made  b y  a  single
pellet of shot. . . . The probe detected some hard substance, which
was  grasped  b y  forceps,  but  crumbled  under  its  grip.  Withdrawal
of  the  forceps  was  accompanied  b y  a  shower  of  shot  falling  to  the
floor. The blades held a lump of four pellets firmly stuck together,
and  much  of  what  was  then  and  subsequently  removed  consisted  of
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pellets in twos and threes. The amount recovered was one-third of
an  ounce.  The  shot  was  fired  from  the  raised  bank  of  the  Trent
across a field, the distance to the road being 133 yards. It was fired
at  and  killed  a  pheasant.  The  shooter  saw  the  cart,  but  said  it  was
out of the line of fire.

"  The  points  worthy  of  note  are  :  i,  the  distance— 133  yards ;
2, the amount of shot recovered— one-third of an ounce; 3, the
statement that the man was out of the line of fire. In regard to
point 3, I have been told of two other cases of strong pellets hitting
persons  quite  out  of  the  line  of  fire.  As  to  point  2,  the  shot  was
carried in a lu m p ; and this perhaps explains point i.

“ M. R. J. B e h r e n d t , L.R.C.S. and P. Ed.
“ Burringham, Doncaster.”

In view of the date of the occurrence— 1888— it is
probable that soft shot was being used; and other
possible factors were a true cylinder gun, too abrupt a
chamber cone, bad wadding, and a high pressure. I do
not think that such an extraordinarily large cluster would
be in  the least  likely  to  occur  with the harder  shot  of  the
present day.

The combination of one-third of an ounce of shot—
90 pellets of No. 6— and a wound which would receive a
finger may seem to refute my suggestion that a cluster of
but six pellets would make a comparatively large hole in
a bird. But this particular cluster struck the bone of a
human jaw, which is very heavy and hard in comparison
to the body of a game bird. If this cluster had hit the
pheasant instead of the unfortunate “ W. L.” the pheasant
would have been blown to bits.

P A T TE R N S  D E N SE R  TH A N  70  P E R  CEN T.

It will have been noticed, perhaps, that I have
suggested a pattern of but 70 per cent, as being the
extreme  normal  capability  of  a  full  choke,  and  this  in
spite of the fact that patterns of 75, and even 80, per cent,
are not infrequently claimed in advertisements. I have
suggested the 70 per cent, limit not because of ignorance
of these claims, but because I think that they are inclined
to be misleading.

When indicating the general standard of behaviour



78 THE MODERN SHOTGUN

likely to be attained by any particular type of boring it
is essential that normal conditions should be assumed.
For instance, the patterns would have to be obtained with
the sizes of shot in common use ; the ballistics of the car-
tridges ought to be standard ; and the patterns should be
typical rather than exceptional.

It is perfectly possible by firing a series of patterns
with a batch of cartridge which develop low ballistics
to obtain an occasional, and almost isolated, result which
gives a count of fuUy 75 per cent, of the shot pellets in
the 30-inch circle, especially if the gun were particularly
well bored.

If such a pattern were photographed it would be
within the limits of strict truth to advertise the result as
having been obtained with the particular gun in question.
But to imply, as is sometimes done, that such a pattern
is typical of what one can expect from similar guns with
ordinary cartridges is to indicate, at the very least, an
extremely optimistic temperament on the part of the
advertiser.

It is, however, quite possible to obtain patterns of
over 70 per cent, in long-chambered guns by loading
with a special powder which is made for this purpose.
But  such  powders  cannot  be  used  in  ordinary  2^-inch
cases because the space available for the powder is
insufficient. Consequently it is most misleading to make
any inference as to the possible pattern obtainable in a
2^-inch 12-bore which has been based on the extreme
capability of a 2f-inch 12-bore. In my classifications of
pattern and boring I have purposely adopted densities
which can be obtained with ordinary British game guns.

With very big shot, such as BB and larger sizes, it
is possible to obtain extraordinarily dense patterns,
especially when the velocity developed is low. But
such conditions cannot be regarded as typical in any way,
any more than those which pertain when using long-
chambered guns and special powder.

These foregoing remarks all apply to what I may
term “ ordinary” cartridges loaded with over-shot wads
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and the usual type of turnover. As I have already
explained on page 35, the crimp turnover definitely tends
to give denser patterns for all types of boring and with
cartridges sealed in this way I would expect a 75 per cent,
pattern as the normal from a full choke.

So I do not think it unreasonable to suggest that a
pattern of 70 per cent, is the limit of density which can
ordinarily be achieved by a full-choke game gun which has
been bored for cartridges of the normal length used in
Great Britain.

In any case I think that a 75 per cent, pattern
represents the normal extreme limit of density which
can be expected even with long-chambered guns and
special powders.

T O T A L  SP R E A D  O F  T H E  SHOT  CH AR G E

So far we have confined our consideration to that part
of the shot charge which is found to be distributed within
the 30-inch circle at 40 yards. It is, however, both useful
and interesting to know the approximate diameter of the
spread of the entire shot charge both at 40 yards and
intermediate distance. These values were obtained a
good many years ago from the study of innumerable
experiments conducted over a number of years. The
average results were condensed into a most instructive
table by Mr. Max Baker and was formerly published in
that most excellent little booklet. The Shooter’s Year Book,
to which I have already alluded on page 33.

The following is Mr. Baker’s Table, which I take
the liberty of quoting with every acknowledgment and
gratitude.

It must be emphasised that these results hold approxi-
mately true for all gauges of guns. There is a very
common but quite incorrect belief that small-bore guns
concentrate their entire charges into a much smaller area
than guns of larger bore. But this is not the case, and
in actual practice there is little to choose between the
mean diameters of the total spreads of the shot charge
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from  all  sizes  of  guns  in  normal  use.  I  do  not  mean  to
suggest that the diameter of the total spread of a 4-bore
is no bigger than that of a *410, as it undoubtedly is.
But the difference is far less than is generally believed,
and for aU practical purposes it can be assumed without
any serious inaccuracy that the diameters of the total
spreads of the shot charge are the same for the sizes of
guns generally encountered in the shooting field.

T A B L E V III

D i a m e t e r i n  I n c h e s o f t h e  S p r e a d a t  V a r i o u s  R a n g e s o f t h e

W h o l e  C h a r g e o f a  G u n

Range in Yards

Boring  of  Gun
10 15 20 25 30 35 40

True cylinder............................. 19 26 32 38 44 51 57
Improved  cylinder  . . . . 15 20 26 32 38 44 51
Half c h o k e ............................. 12 16 20 26 32 38 46
Full choke................................... 9 12 16 21 26 32 40

This Table can be regarded as a sufficiently accurate
guide within reasonable limits, and for aU practical
purposes, for aU sizes of guns. But it is only a guide to
average behaviour under normal conditions. Individual
results may frequently be found to differ from the figures
given, but such results must not be forced too far, especi-
ally without sound evidence of the ballistics generated.
For, as has already been emphasised several times,
pressure and velocity can influence the total spread of
the shot charge just as they influence the pattern in the
30-inch circle at 40 yards.

S p r e a d  B e y o n d 40 Y a r d s . The spread of the
whole shot charge at ranges beyond 40 yards is very
difficult to judge owing to the wide dispersion of the
pellets. It can, however, be assumed that both improved
and true cylinders are of no practical use at such distances,
40 yards being their limit of efficiency.

At 45 yards the diameter of the spread may be taken
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as  being  4  feet  for  a  full  choke,  and  4  feet  6  inches  for  a
half choke.

And  at  50  yards  these  figures  become  5  feet  for  the
full choke and 5 feet 6 inches for the half choke.

Here again these values must not be regarded as being
rigid but merely as t5rpif5dng the extent of spread to be
expected with these two types of boring.

Beyond 50 yards the limits of the spread even of a full
choke become so indefinite that it is of little use to give
any measurements.

Spr e a d a t v e r y c l o s e  Ra n g e s . It may sometimes
happen  that  information  is  useful  on  the  subject  of  the
spread of the shot charge at very close ranges. Some
actual photographs of shots fired through card targets
with  cylinder  and  choke  guns  from  ranges  of  2  inches  to
6  feet  were  published  in  the Field of October 13th, 1888.
These showed that up to 12 inches the total diameter of the
shot charge even in the case of a true cylinder was about
one inch,  while  it  was  slightly  less  in  the case  of  a  choke.

At 2 feet the respective diameters were about i j
and I inch, and at 3 feet and i j inches.

At 6 feet both types of boring began to give signs of a
few outside pellets being separated from the main bulk of
the charge, and at a range of about 10 feet this separation
of the whole charge into individual pellets is generally
almost complete.

At 6 feet the diameters of the main bulks of the
charges, neglecting the small number of outside pellets,
is about 2 j inches for the cylinder and inches for the
choke.

The intermediate degrees of choke will naturally give
results between the two extreme limits which have been
quoted for each distance.

'  P A T TE R N S  N E A R E R  T H AN  A N D  B E Y O N D  40  Y A R D S

If a combination of gun and cartridges give a pattern
at 40 yards which is sufficiently dense to ensure a kill there
need obviously be no anxiety about the nearer ranges.
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although shooters are often interested to know what pat-
terns their guns do give at 30 and 35 yards. But beyond
40 yards is a very different matter and shooters will
frequently want to know what chances of success they
are likely to have at these longer distances. As has
already been stated, a killing pattern is one in which the
density of the distribution of the pellets is sufficient to
ensure some vital spot being struck and in which the
individual peUets have sufficient velocity to ensure
penetration.

The question of penetration is more simple than that
of density because the striking velocities of shot are
known quantities and have been tabulated in Volume II.
The distribution of the spread, however, follows no laws
and is consequently largely a matter of assumption based
on known average behaviour.

If  the  pattern  of  a  gun  is  known  at  40  yards,  the
following Table provides a sound guide to the approximate
number of peUets likely to be found in the 30-inch circle
at  all  ranges  from  30  to  60  yards.

T A B L E IX

P e r c e n t a g e s o f t h e  4 o - Y a r d s  P a t t e r n i n  30-iNCH  C i r c l e a t

D i f f e r e n t  R a n g e s f o r a l l  T y p e s o f  B o r i n g

Range  in  Yards  . . . . 30 35 40 45 50 55 60

Percentage of 40-5rards
pattern in 30-inch circle . 140 119 100 82 67 55 45

W H Y  CH O K E  A F F E C TS  P A T T E R N

We have now reached a stage in our investigation of
the complex problems arising from the questions of Boring
and Pattern when it may be of interest to consider why it
is that the choke in a barrel affects the pattern in the way
it does.

Various theories have been formulated from time to
time but some of these can be refuted at once. For
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example, it has been suggested that the passage of the
choke results in the outside pellets of the charge being
completely deformed and welded into a sort of outer
casing for the rest of the charge which then travels almost
like a bullet for some distance before the casing gives way
and the rest of the pellets are free to scatter.

This can be disproved by anyone who takes the

°o °o °o °o,
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Fig . 6.— Diagrams to illustrate General Journ^e’s theory of the effect of
choke on pattern.

A— The velocity components of a single pellet before and after impact with
the cone of the choke. The original velocity is «, but the impact with the cone
imparts a component velocity, v, and the resultant velocity after impact is V.

B— The effect of the inward velocities imparted b y the choke on the out-
side pellets of the shot charge.

trouble to fire a few shots at a pattern plate at 25 or 30
yards,  when  it  will  be  found  that  the  number  of  shot
marks on the plate is very nearly the same as the number
of pellets in the original charge. If the " outer casing ”
theory were correct a very large percentage of pellets
would be lost.

By far the most reasonable explanation of the action
of choke is that suggested by General Journee in his
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Tir des Fusils de Chasse, which is that when the outside
pellets  strike  the  cone  of  the  choke  they  are  given  a
velocity at right angles to the surface of the cone. This
component causes these outside pellets to have a final
inward resultant velocity, and so checks their tendency
to spread.

This theory wiU readily be understood with the help
of the diagrams in Fig. 6, and it explains why a steep cone
has a greater concentrating effect than one which is cut
with a very gradual pitch. For with a steep cone the
velocity component caused by the impact on the cone
will make a bigger angle with the original direction of
flight than would be the case when the cone is less steep.
And the bigger the angle between the original direction
of flight and the subsequent velocity component, the
more pronounced the final inward effect.

O TH E R  M ETH ODS  O F  V A R Y IN G  P A T T E R N

Before the advent of choke boring various devices
were tried for increasing the density of the pattern,
especially at long ranges. By far the most effective of
these was the old Eley Wire Cartridge which was specially
designed for very long shots at wildfowl. In this car-
tridge the shot charge was enclosed in a bag of netting
made of soft copper wire. This bag was open at the
front which was covered by a wad and the whole was
encased in a paper wrapping. This wrapping helped to
keep the wad in position and also prevented the escape
of the bone-dust which was used for filling up the spaces
between the pellets of the large shot which was invariably
employed.

This bag of wire netting carried the pellets together
almost as a single projectile for a long distance and then
burst after the manner of time shrapnel shell.

These wire cartridges proved efficacious and extremely
long shots were brought off with their help. But they
were not altogether certain in action owing to the vari-
ation in the range at which the “ burst” occurred, and



PLATE  V

(A)  An Ob s t r u c t i o n a l  B u r s t in t h e  R i g h t  B a r r e l o f a i 2’ Bo r e  G u n

ABOUT  8  INCHES  FROM  THE  MuZZLE

Evidence of a “ ring bulge ” is clear. The top rib, which is farther from
the camera, is bent at the' site of the burst; and the bottom rib (nearer
the camera) is bent downwards and actually fractured at the same place.
The severed portions of the barrel protrude outwards all round its circum-
ference and have assumed a funnel-shaped appearance ; while the fractured
strip of barrel at this point of rupture is plainly bent down and then up.
The left barrel has also been affected by the local wave pressure resulting
from  the  obstruction  and  has  been  bent  at  the  site  of  the  burst  as  may  be

seen from its divergence from the straight edge of the ruler.

(B) A n  Ob s t r u c t i o n a l  B u r s t a b o u t h a l f -w a y u p t h e  R i g h t  B a r r e l o f

A 12-BORE G u n

Evidence of a “ ring bulge ” is equally clear in this photograph. The top
rib (nearer the camera) is bent at the site of the burst, and the fractured
ends of the barrel are splayed outwards all round the circumference of the
barrel, and have assumed a funnel-shaped appearance similar to that seen
in Plate V (A). The general similarity of these two bursts is very marked.
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they were killed by the invention of choke as they could
not be fired through a choked gun without serious risk
of injury to the gun.

There was a modification of the wire cartridge known
as the “ Universal ” in which the shot charge was enclosed
in a paper cylinder instead of wire-netting. These were
made in aU standard bores and were intended primarily
for those who loaded their own cartridges.

But the idea has survived in a plan which one fre-
quently hears suggested even at the present time. This
plan is to cut the paper tube of the cartridge-case right
through all round its circumference just about half-way
down. On firing the severed front part of the case flies
forward and acts as a container for the shot charge, the
theoretical effect being similar to that produced by the
wire cartridge.

But this plan is most dangerous because the external
diameter of the paper cartridge-case is larger than the
internal diameter of the bore of the gun which takes that
cartridge. The result is that the pressure generated must
always be excessive, and frequently dangerous.

Then if  the  gun is  choked there  will  be  a  big  check in
the velocity of the “ projectile ” which will very likely
bulge, or even burst, the barrel at the muzzle.

There is also the risk of the forward part of the paper
tube being left behind in the bore when a serious burst
might result by the next round being fired.

I have often heard of this cutting through of the case,
being done and have always marvelled at the soundness
of the.guns which have withstood the pressure without
seeming strain. But the fact that it has been done with
impunity does not make the custom anything but highly
dangerous, and one which should never be attempted,
especially by anyone who places the slightest value on
his gun.

A much better and safer plan is to make up a projectile
for a 12-bore gun out of a 16-bore cartridge-case. A
length of about inch should be cut off a 16-bore case
and used as a container for the shot charge. The shot
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can be held in position by means of a thin card wad at
either end, each wad being held by a light turnover. A
sectional sketch of such a projectile is shown in Fig, 7
which is self-explanatory.

This projectile can then be loaded in a 12-bore car-
tridge-case and held in position by the usual over-shot
card wad and turnover.

The pressure developed by such a projectile is normal
as the external diameter of the 16-bore case is slightly less
than the internal diameter of a 12-bore barrel.

But although the diameter of the case is less than that
of the bore, it is greater than that of the muzzle end of the
bore if the barrel is even moderately choked. So in a

choked gun there will be a marked
check in velocity when the projec-
tile is forced past the choke and a
bulge at the muzzle might easily
result.

Consequently this type of pro-
jectile should only be used with
extreme caution, and it would be
safer to confine its use to true

cylinder, or at most improved cylinder, barrels.
And in any case its action is so uncertain that the'

possibility of gaining any practical advantage is extremely
doubtful. It has, however, been suggested that this
might be a useful method of destroying nests of grey
squirrels, sparrow hawks, crows and rooks when necessary,
as the effect of the projectile when hitting a nest would be
sim'ilar to that of percussion shrapnel on hitting a brick
waU— very efficacious if you are on the right side of
the wall, and most unpleasant if you are on the wrong
side.

In 1869 Messrs. C. Lancaster invented the “ Concen-
trator,” which was a hollow conical cylinder of very hard
paper. This was slipped down on the shot before the
over-shot wad was inserted. This wad was then put in
position on top of the concentrator, and the turnover
made as usual.

F ig . 7.— A projectile for
a 12-bore gun made out
of a part of a i6-bore
cartridge-case.
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A sectional diagram of a concentrator in position is
given in Fig. 8.

These concentrators increased the density of pattern
in a true cylinder gun by about 25 per cent., but the
regularity  of  spread  was  not  nearly  so  good  as  that
obtained by a good choke. This, together with the fact
that they could not be fired in choked guns, resulted
in their use dying out when choke boring became
general.

But recently a patent has been taken out for an
entirely new type of concentrator by Mr. W. Edwards,
who  has  been  so  kind  as  to  give  me  full  particulars  of
his invention and to send me samples of the Edwards
Shot Concentrator.

This concentrator consists of a capsule of special
aluminium ciUoy, closed at the
front by a dished head, which is
also reinforced by a special mov-
able disc, and open at the rear.
The diameter depends on the gauge
of the gun and the length on the
weight of the shot charge which it
is to contain.

The capsule is corrugated longitudinally, and these
corrugations serve a double purpose : to give strength to
the wall of the capsule itself, and to permit the concen-
trator being fired through a fuU choke. For only the
apex of each corrugation touches the bore of the gun,
what may be termed the “ apex diameter ” of the capsixle
being that of the gauge, while the " trough diameter ” is
smaller than that of the muzzle end of the bore of a fully
choked gun. These thin and fine corrugations thus ensure
full contact with the bore during the passage along the
barrel, but are compressed to allow easy passage through
the choke. This compression of the corrugations can be
seen clearly when examining fired capsules which have
been recovered.

On discharge the concentrator behaves at first almost
like a single projectile, but after a certain range it drops

F i g . 8.— Messrs. C.
caster’s Concentrator.

Lan-
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out of the trajectory leaving the shot charge to continue
on its own.

The range at which the concentrator drops away can
be controlled by the number of perforations in the dished
head, four being the number found to be best to give the
maximum range before separation between the concen-
trator and the shot charge.

Fig. 9 shows the general construction of the Edwards
Shot Concentrator. The corrugated capsule (A) is shown
with a part of the wall cut away so as to show the movable

F i g . 9.— T̂he Edwards Patent Shot Concentrator.

Left.— Side  view  of  the  corrugated  capsule  with  a  portion  of  the  wall  cut  away
to  show  the  movable  disc  in  position.

Centre.— The  front  end  of  the  capsule  showing  the  dished  head  and  the  holes
for controlling the range.

Right.— One of the lugs which supports the movable disc.

disc (D) in position under the dished head (B). The head
is dished, by the way, partly for strength and partly to
receive the over-shot wad. The holes in the dished head
are  marked  C  in  the  middle  diagram.

The dished head is supported by four lugs (E) which
are formed by stamping out the wall of the capsule and
turning the points inwards as shown in the right-hand
diagram.

The movable disc is thus held securely but loosely
under the dished head.

The holes resulting from the formation of the brackets
serve as vents (F), for experience showed that the presence
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of the movable disc and these vents were needed to ensure
satisfactory results.

There are also four slots (G) in the rear part of the wall
of the capsule which enable it to expand in a somewhat
wide bored gun without suffering irregular deformation.

Private tests have resulted in an ordinary 2j-inch
12-bore game gun placing 100 per cent, of the charge of
BB  shot  within  the  30-inch  circle  at  65  yards,  while  a
lo-bore, which normally gave 62 per cent, and 71 per cent,
patterns from the right and left barrels, placed the entire
charge of i f ounce of No. 3 shot within the 30-inch circle
at 60 yards.

The capsule needs greasing round the rear end with
melted candle grease or a smear of vaseline before loading
it into the case, and when it is in position the over-shot
wad is added and the cartridge turned over in the usual
way.

At the time of writing it has not been possible for
manufacture in bulk to be arranged and the war naturally
interrupted aU such work and full-scale experiments and
tests. It does, however, seem possible that this concen-
trator may prove the greatest boon to the wildfowler.

Some shooters pour melted taUow on the shot when
loading their cartridges and then insert the over-shot wad
and make the turnover. Here again the idea is to obtain
greater cohesion of the pellets for long range, but the
plan cannot be recommended because the additional
weight of the tallow is liable to increase the pressure, and
there is also the risk of a bulged muzzle if any choke is
present.

Besides, the results are very irregular and uncertain.
Very similar in general principle is the addition of a

few drops of oil to the shot charge. This is perfectly safe
and the patterns certainly do become rather more dense,
while  the  regularity  is  not  too  bad.

In practice, however, the oil soaks through the case
and dries up, so the effects are not lasting. And in any
case they are not very reliable.

So far I have only dealt with devices for increasing
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the  density  of  the  pattern.  I  will  now  describe  briefly
one for decreasing the density.

This device is called a spreader and is intended
for  use  in  heavily  choked  guns  when  the  shooter  thinks
an increase in the spread of the charge would be an
advantage.

The spreader merely consists of two pieces of card
which are fitted together so that the final cross-section is
a cross. The spreader is placed in position lengthways in
the cartridge case before the shot is inserted. When the
shot is put in it is thus divided into four longitudinal
sections, the cross-sectional area of each section being a
quadrant of a circle. These spreaders can be used in
full chokes with safety, but they do not give very regular
results and I have not heard of them being used since 1914.

MINIMUM N EC ES SA R Y P A TTE R N S

The next point to consider in our study of patterns is
the question of what constitutes the minimum density of
pattern necessary to make reasonably sure of a clean kill.
If we were in a position, for example, to say definitely that
a pattern of 120 pellets in the 30-inch circle was the
smallest number essential for an expectation to kill a bird
at 40 yards, we would know that it would be of no avail
to use a charge of ounce of No. 4 in a true-cylinder
gun, as this combination only results in a pattern of 76.
So we would have either to change our gun for a fuU choke,
which would give a pattern of 134, or else use the same
weight of No. 6 shot with which we could expect a pattern
of 122.

And when experimenting with loads a knowledge of the
minimum necessary density of pattern would be of the
greatest help as it would enable us to work for a definite
and tangible end, namely a combination of gun and
cartridge which would place the minimum number of
pellets in the 30-inch circle at the longest possible range
at which the striking velocities of the individual pellets
are sufficient to ensure penetration.



SOME  MORE  PROBLEMS  OF  PATTERN  91

So the problem with which we are now faced is clearly
one of great practical value.

The first step must obviously be to ascertain the
areas presented by various game birds. And here we
come up against the first difficulty, for the area repre-
sented as a target by any bird must vary according to the
angle  from which it  is  viewed.  I  do not  think it  possible
to decide whether more birds are killed from one par-
ticular angle than another, but I am sure that aU shooters
derive more satisfaction from a high overhead shot than
from any other. Now if the feathers are disregarded, as
they should be, there is little, if any, practical difference
in the area offered by a bird when seen from underneath
from that offered when seen sideways— I have made a
number of outline tracings of bodies of game birds when
placed on their backs and on their sides to verify this
point, and there is really nothing in it one way or the other.

A bird flying head on, or straight away, certainly offers
a smaller target. But in no case does the area presented
by the actual vital organs cover the whole target, and
this area bears a smaller proportion to the whole when a
bird is fl5dng across or straight overhead than when it is
flying towards or away from the shooter.

It must be remembered that in no circumstances is
it possible to determine absolute minimum patterns with
any degree of scientific accuracy. The results cannot be
anything but reasonable estimations, and so it is useless
to enter into minutiae. Quite recently a friend of mine,
whose general shrewdness is on a par with his great
mathematical ability, said to me : " I always regard the
man as a fool who has only a bit of chalk and a piece of
string with which to take his measurements, and who
gives his results in hundredths of an inch.”

So  let  us  assume  the  bird  to  be  flying  overhead.
The next point to decide is the actual area to measure.

The feathers must obviously be disregarded ; and so, too,
those parts of the legs which stretch beyond the body.
I think we might include the humerus, but not the other
wing bones.
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The  sketch  in  Fig.  lo  gives  the  outline  of  a  bird,
while the dotted line indicates the area which I have
taken to be the target. There may be better areas to
adopt for our purpose, but I do not think that the one
which I have chosen can be regarded as unreasonable.

Working  on  this  principle,  I  have  made  the  most
careful outlines of the plucked bodies of various game
birds. These outlines were transferred to squared paper.

F ig . i o .— Outline sketch of a bird flying overhead. The inner dotted line
indicates the vulnerable area of the body.

when the actual area was obtained by counting the
squares.

In order to make certain that these values indicated
the areas of average birds of each species, I weighed each
bird before it was plucked ; so it is thus possible to check
the likelihood of my results being typical, since the
average weights of game birds are known quantities.

The actual results I obtained were as shown opposite.
Before  I  began  operations  at  aU  I  wondered  whether

I might not be able to evolve some empirical relation
between the weight and the area, but I never hoped the
results would come out as closely as they did. I only
took the area to the nearest half of a square inch, and
the weights to the nearest ounce except in the case of the
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Bird.
Actual

Weight in
Ounces.

Area in
Square
Inches.

Area in
Square

Inches per
Ounce of
Weight.

B l a c k c o c k ............................... 48̂ » 40 0-85
Pheasant (Cock)......................... 48 4 1 0-86

.. (H en )......................... 35 3 1 0-89
M a lla r d ...................................... 42 37 0-88
Grouse ( C o c k ) ......................... 24 21 0-88

( H e n ) ......................... 21 i 8-5 0-88
Partridge (Cock)......................... 14 12-5 0'89

(H en)......................... 13 12 0-92
W o o d -P ig e o n ......................... 18 16 0-89
T e a l ............................................ 12 II 0-92
W o o d c o c k ................................ 12 12 1*00
S n ip e ............................................ 4-5 5-5 I-24

snipe.  The  figures  in  the  final  column  are  so  nearly
constant  that  I  do  not  think  we  would  be  unjustified  if
we  were  to  adopt  a  value  for  the  area  of  a  game  bird  as
being o-88 times its weight, and this would extend the
utility of these measurements to various other game
birds not found in Great Britain.^

1 It would naturally be expected that the graph of the relation
between the area depicted in the diagram and the weight of the bird
would be a curve. I feel quite sure that this would be established
were it possible to obtain similar details of a far greater number of
birds varying in size right down to the wrens, and even humming
birds, at one end of the scale and right up to the Great Bustard at
the other end. The constancy of the results actually obtained can
be explained by the comparative similarity in the weights of the
birds taken as examples. The smallest birds, however, show a diver-
gence from the constant in one direction, while the largest show a
similar divergence in the other direction. So the accuracy of the
relationship A = o-88 W will only hold for birds of round about the
weights quoted. For although the graph is really a curve, and I
have  assumed  it  to  be  a  straight  line,  the  truth  is  that  that  part  of
the curve which lies within the limits of practical consideration is so
nearly a straight line that the difference can be ignored. And if
a greater number of hits is held to be necessary in the case of larger
birds the formulae I have suggested for the minimum necessary patterns
should hold sufficiently well to make sound guides for all practical
sporting purposes.
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But let us now return to the question of patterns.
The  whole  problem  depends  on  what  is  regarded  as  the
minimum number of pellets required to hit a bird in order
to make certain of a kiU, assuming that the pellets all
have sufficient penetration. This is really a most difficult
point to decide. In the Field of July 30th, 1910, the late
Dr. H. Hammond-Smith published a most instructive
article  on  this  very  subject,  in  which  he  came  to  the
conclusion that five pellets were required to make certain
of a kill. I doubt whether any other man has had
greater experience in post-mortem examinations of game
birds than Dr. Hammond-Smith, and so his opinion
deserves the greatest respect, backed as it was by his
professional medical training. But I cannot help thinking
that five pellets is too high a number for practical sporting
conditions. Let us take a partridge as an example.

Five pellets on an area of 12J square inches at 40 yards
would correspond to 283 pellets in the 30-inch circle.
That is, a gun would have to make a 100 per cent, pattern
with  ItV  ounce  of  No.  6  shot  in  order  to  make  sure  of  a
kill at this range 1

This is obviously out of the question, so it may be as
well to start afresh.

If the dotted outhne in Fig. 9 which represents the
actual body area is examined it will be seen that the vital
organs (head, neck, heart, lungs and large blood-vessels)
must occupy very nearly, if not quite, half the area taken.
So it would not seem to be unreasonable if we began with
taking two hits on the area as the required minimum.

In the case of snipe at 40 yards this would mean a
necessary pattern of 258. Using i-iV ounce of No. 8 one
would expect to be able to kiU a snipe at 40 yards, and
yet the pattern is only 230 with an improved cylinder,
although it is 287 with a half choke. So I think that we
may now deduce that a snipe at 40 yards is not a certainty
with  ItV ounce of No. 8, unless a half choke is used.

And the theoretical necessary minumum pattern for
a partridge would be 118, which does not tally badly
with the 116 of a true cylinder and 145 of an improved
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cylinder using ounce of No. 6. Forty yards is
admittedly a long shot at a partridge, and might be just
beyond the powers of a true cylinder— a fact which the
theoretical figure brings out— although it should be well
within the limits of an improved cylinder gun.

But with the bigger birds the results do not seem so
satisfactory. A pattern of 77 for a grouse seems very
open, and one of 35 for a cock pheasant is quite un-
reasonable.

A possible explanation for these seemingly contra-
dictory results would appear to be the greater protection
afforded to the vital organs of the larger birds by their
stouter breast-bones and bigger crops. For the breast-
bone covers the heart and larger blood vessels to a great
extent, and the crop protects the base of the neck. If
this is so, it means that the larger the bird the greater
the number of hits required in order to ensure a k ill; and
working on this principle, I am inclined to suggest that
a reasonable value to adopt for the minimum necessary
number of hits would be 2 in the case of a bird under i  lb.
in weight, and 3 for a bird over i lb. ; while possibly
4 might be necessary for very large and strong birds such
as geese.

If this plan is adopted the results become altogether
more  reasonable  in  the  case  of  every  bird.

But even then I think that to be quite on the safe side
we should increase the patterns by at least 10 per cent,
to allow for any reduction in density caused by Stringing,
a subject which will be dealt with in a later chapter.

These final results are given in the following table in
round numbers; but in order to avoid complications
which would be impractical I have only considered the
smaller hen birds in the case of both grouse and partridge.
Cock pheasants are classed separately to hens because
they are appreciably larger, can be readily distinguished,
and are frequently shot when hens are spared. I have also
made a slight reduction in the final value for the pattern
for snipe so as to make it fit in better with known practice.
This is quite reasonable as such small birds as snipe



96 THE MODERN SHOTGUN

probably need a comparatively less dense pattern than
birds  the  size  of  a  partridge.

Table X confirms practical experience. A wood-
pigeon would commonly be regarded as killable at 40 yards
with an improved cylinder gun, and the minimum pattern
is nearly that given with the standard charge of No. 6
shot by such a gun. With a choke, however, the range is
obviously increased. Similarly at 40 yards both grouse
and partridge are within the killing range of an improved
cylinder and No. 6. If an5dhing the patterns given are
on the high side : but in working to a minimum it is
ever better to play for safety rather than to suffer dis-
appointment.

In order to obtain a rough idea as to the minimum
patterns required for birds which are not included in this
table, it is only necessary to divide the area of the 30-inch
circle  by  the  area  of  the  bird  in  question,  which  can  be
obtained by the empirical relation between area and

TABLE  X
Min imu m Pa t t e r n s f o r  Va r i o u s  Ga me  B i r d s

Bird. Minimum Pattern.

Blackcock  . . . . 1
Cock Pheasant . . . J 60

M a lla r d ............................. 70
Hen  Pheasant  . . . .
G r o u s e ....................... T

80

Partridge  . . . .
Wood-Pigeon . . . J
Woodcock . . . . \

130

T e a l ............................./ 145

Snipe.................................. 290

weight which I have already given. The average weights
of almost aU known varieties of game birds wiU be found
in many books of reference. For British birds Mr. Hugh
Gladstone’s Record Bags and Shooting Records contains a
mass of interesting information, while for Indian birds the
Indian  Field  Shikar  Book gives aU the necessary data.
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The actual minimum patterns are given with reason-
able accuracy by the following formulae in which a 10 per
cent, allowance has been made for loss by stringing.
F o r birds  un d er  i  lb .  in  weight.

Minimum Pattern = where W is the weight of
W

the bird in ounc es.

F o r  birds  over  i  lb.  a n d  un d e r  2  lb.

Minimum Pattern = 3 222 , when W is the weight of
W

the bird in  oun ces .

F o r birds over 2 lb.

Minimum Pattern = 165
W ’

where W is the weight of

the bird in  p ou n d s.
The values for the minimum patterns given by these

formulae should prove a perfectly practical guide which
can be adopted with confidence. It might be urged that
very large birds, such as geese, would need to be struck
even by more than three pellets. This is quite possibly
correct, although I should think that three pellets of
suitably heavy shot would make certain of any goose.
But if any shooter wishes to make stiU more certain he can

take a value of for the minimum pattern necessary

for birds of, say, over 4 lb., W being in pounds. The
principle is the same.

It must, however, be realised that these minimum
patterns are entirely independent of the question of pene-
tration. They merely indicate the approximate density of
pattern which is necessary for a clean kill, provided aU the
pellets which strike the bird have a sufficient capacity for
adequate penetration. This capacity will always depend
on the size of shot and the actual striking velocity.



C H A P T E R IV

THE CHOICE OF BORING AND PATTERN

IN the three previous chapters I have done my best to
establish an understanding of what is meant by the
various expressions generally used both when des-

cribing the different types of boring and when discussing
patterns. We have also considered the factors which
affect pattern, as well as the connection between the
various degrees of boring and these factors. So we have
now reached a stage in our consideration of the whole
subject when we can come down to the practical problem
of the best type of boring to adopt in ordinary game guns.

It will be remembered that even the same types of
boring have been shown to  vary  in  their  behaviour  when
it  comes  to  patterns  ;  and  for  this  reason  it  is  probably
better not to insist too strongly on any type of boring, but
rather to base the choice on the resulting pattern, although
the boring should be considered at the same time but in a
less rigid manner.

It has been an almost universal custom for many years
to have the right barrel bored “ cylinder ”— recently this
has always meant improved cylinder— and the left
“ choke,” the actual degree of choke being unspecified.
But the chief point is that the boring of the two barrels has
almost invariably been different, the right giving a more
open pattern than the left.

This custom became established when birds were
almost  always  walked  up  and  the  left  barrel  was  fired  at
a  more  distant  bird.  As  long  as  a  gun  is  only  used  for
shooting at birds which are flying away from the shooter
the plan of having the barrels bored differently is patently
excellent. But is such a condition typical of modern
shooting ? I think most of my readers will agree that in
Great Britain the proportion of game shot driven is far
and away greater than that shot when walking up. And

98
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I am not forgetting the fact that there are many moors
in Scotland where grouse are still walked up or shot over
dogs ; nor that there is such a bird as a snipe ; nor that
there are many " rough ” shoots all over the country on
which driving is unknown.

I  think  that  if  an  analysis  could  be  made  of  all  the
shots fired at game during a season in Great Britain it
would be found that far the larger percentage had been
fired at driven birds.

Now the driven bird presents a very different problem
from the bird which is walked up, as it frequently happens
that the first shot is taken at a greater range than the
second. In view of this fact it might be argued that the
old custom of boring should be reversed, and the right
barrel bored choke and the left improved cylinder. As
a  matter  of  fact  this  is  sometimes  done  ;  but  I  do  not
believe the plan to be sound, for even at driven game one
does not always fire the right barrel at a more distant bird.
It is often necessary to take birds behind, when the old
conditions of walking up become re-established. Then
at pheasants there is seldom much in it, the bird being
at approximately the same range for the second barrel if
missed with the first, while the same applies to two birds
coming over together or several in a bunch.

In fact the more distant shots are taken just as fre-
quently with both barrels ; and if this is the case I cannot
see that any useful purpose is served by having the two
barrels bored differently.

I do not think there is much dispute about this now,
and I know for a fact that several of the leading gun-
makers advise their customers to have both barrels bored
alike in guns which are intended for use against driven
game.

At the same time there is a psychological factor in
having one barrel— usually the left— bored with rather
more choke. Some shooters like to feel that they have a
little extra range in one barrel so as to be ready for that
occasional very high bird, and this feeling imparts con-
fidence which is the most important factor of aU in good

D*
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shooting. In actual practice, however, the difference in
boring is usually too slight to have any very pronounced
effect on the patterns, and therefore on the range. So the
effect is, as I have stated, more psychological than any-
thing else. Nevertheless this aspect should not be
neglected, and any shooter who thinks he would feel
happier with a little extra choke in the left barrel will be
well advised to follow his inchnation.

But there are sportsmen who want their guns chiefly
for rough shooting at home, or for sport abroad. Shoxfld
they, too, adopt the modern practice ? I think the answer
to this question must depend on the type of shooting they
expect or the country to which they are going. In India,
for example, where as many shots may be fired at flighting
duck as at any other game, I can see no advantage in
having the right barrel bored to give a more open pattern
than the left, since flighting duck present a very similar
problem to that of high pheasants. But if snipe are to
comprise the principal game the left barrel might certainly
be more fuUy choked with advantage : and this also
applies to most varieties of game which are invariably
walked up either at home or abroad.

So we can now draw the not unreasonable conclusion
that in the case of guns wanted for driven game it is best
to have both barrels, or aU four of a pair, to be bored so as
to give as nearly as possible similar patterns. Those
individuals who have a marked bias in favour of more
choke in the left barrel can follow their inclinations, but
in such cases the extra amount of choke need be but
slight.

For “ general purpose ” guns the increased degree of
choke in the left barrel can be more pronounced, although
even here the difference between the borings of the two
barrels need not necessarily be as great as has been com-
monly considered necessary.

And here I will add that in the case of guns fitted with
non-selective single triggers I am sure that it is a mistake
to have the barrels bored differently. With such guns one
barrel is always fired first, and if the two barrels are
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different the shooter will probably begin to wonder
whether a miss was due to this difference : and such
doubts will only tend to bad shooting.

The next point to consider is what the borings should
be.

Variation in boring, that is in the degree of choke, has
a double effect in actual shooting. The range is increased
by more choke owing to the density of the pattern being
better maintained at longer distances ; at the same time
the diameter of the total spread of the shot charge is
reduced at all ranges, and consequently the permissible
error in aim is reduced. In other words a heavy choke
increases the effective range of a gun but necessitates a
higher degree of accuracy in shooting.

The question of range, however, depends on other
factors besides the amount of choke ; such as the size of
bird shot at, the size of shot used, and the combination
of powder and shot adopted for the load. So let us first
confine ourselves to the question of permissible error.

This also must vary with the range and type of boring,
as it is dependent on the effective spread of the shot charge.
The diameter of the effective spread is less than that of the
total spread except at very close ranges, since the extreme
outside annulus is not sufficiently dense to be effective.
The width of this ineffective annulus varies with the range
and the type of boring, becoming greater as the range is
increased and the amount of choke is decreased. The
greatest permissible error is equal to the radius of this
effective spread.

The following Table gives the approximate radii of
the effective spreads of the shot charge for the various
types of boring at different ranges. It must be under-
stood clearly that the figures can only be regarded as
approximate, since the thickness of the ineffective annulus

vary with different guns; also the required density
with the size of bird at which shots are taken. Accord-
ingly the values given in the table should only be regarded
as being typical of average results obtained with all sizes
of guns.
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An examination of this Table indicates immediately
the great advantage in permissible error conferred by the

T A B L E  X I

Pe r mi s s ib l e  E r r o r s o f  A im in  In c h e s f o r  V a r io u s  Bo r in g s a t
D i f f e r e n t  Ra n g e s

Type of Boring.
Range in Yards.

10 15 20 25 30 35 40

True Cylinder....................... 9'5 12 13 15 18 21 24
Improved Cylinder . 7-5 q 10 13 15 18 22
Quarter  Choke  . . . . 6-8 8 9 12 14 17 21
Half C h o k e ....................... 6-0 7-3 8 II 13 16 20
Three-quarter Choke 5-3 7 7-5 10 12 15 19
Full C h o k e ....................... 4-5 6 7 9 II 14 18

use of a true cylinder at near ranges, and so I will deal
with this type of boring first.

If shots were seldom taken beyond 20 or 25 yards, and
never beyond 30 yards, this type of boring would be
supreme. It has been seen, however, in the last two
chapters that every single fault in patterns resulting from
almost inevitable variations in cartridges is greater in a
true cylinder than in any other kind of barrel. Blown,
scattered and patchy patterns ; cartwheels ; and prob-
ably balling: these are all far more pronounced with
true cylinders. So much so, in fact, that 10 per cent, of
cartwheel patterns was long regarded as being an insepar-
able accompaniment of the true cylinder. At very close
ranges such irregularities may not m atter; but beyond
25 yards they begin to have their effect, while at the longer
ranges they are quite fatal. The truth is that true
cylinders are unreliable for any ranges much over 30 yards.
The results may reach the standard which they should ;
but if the wadding is not perfect, or the balhstics of the
cartridges are in the slightest degree lively, the patterns
will inevitably suffer.

This fact has become so generally recognised that
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really true cylinder barrels are now seldom seen, and I
doubt if a single gunmaker in Great Britain would recom-
mend a true-cylinder boring, even for a right barrel, for
normal use. I am quite certain none would were the gun
to be built for a customer who insisted on seeing it shot
for pattern and expected regular results.

If I wanted a gun with which to shoot rabbits in thick
covert and for no other purpose— except possibly driven
partridges— I would certainly choose one with both
barrels  true  cylinder.  But  I  would  not  expect  it  to  give
regular effective patterns ; nor would I expect it to be
reliable for shots at over 30 yards.

I am well aware that this may seem a some-
what sweeping condemnation of a type of boring which
has formerly been recommended by many notable
authorities.

I am also aware that arguments are frequently brought
forward which quote the wonderful feats of marksmanship
performed by men who use nothing but true cylinders and
who kill the very highest birds. I believe the late Lord
Walsingham— the joint author of the Badminton Library
Volumes on Shooting : not his' younger brother— used
nothing but true cylinders. But it must not be forgotten
that in his days cartridges were a very different propo-
sition. The standard shot charge was i | ounce, which
helped patterns considerably ; barrels were made heavier,
which also helped ; the propellants were black powder and
42-grain bulk nitro powders which were less sensitive to
climatic variations ; and there was not the demand for
“ high-velocity ” loads which tend to higher pressures
and scattered patterns. So it is useless to be guided by
conditions which were prevalent sixty years ago.

Extensive experience with the pattern plate has con-
vinced me of the constant irregularity of results given
by true cylinder barrels, which irregularities are so pro-
nounced that I cannot beheve that this type of boring can
be relied upon to give effective killing patterns at moder-
ately long ranges. A bird is often regarded as “ high ”
which is but 25 yards up in the air, and for this reason I
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prefer the unanswerable logic of the pattern plate to the
reputed prowess of individuals.

I beg to be forgiven for being dogmatic. I only am
so because my faith has been completely shattered in true
cylinder boring both by numerous tests for pattern in
different barrels and in the actual shooting field, for I
happen to own a true cylinder gun.

And in support of my own experience I will quote that
of a friend of mine who is regarded in Hampshire as being
a very good shot— and that in the middle of the partridge
country means much.

Some years ago this sportsman thought he would try
a  pair  of  beautiful  old  guns which belonged to  his  father,
who had given up shooting as he was considerably over
eighty. These guns were bored true cylinder in all four
barrels, and during the partridge driving at the end of
September and through October my friend was delighted
with the results of the old guns. He declared that he had
seldom shot better in his life and was loud in his praise of
the open boring.

But when November came with its covert shoots he
began to change his opinion. Day after day his experi-
ence was the same : wounded birds, and birds missed,
especially if they were at any height in the air. After
many disappointments he tried the guns on a pattern
plate and found that up to 25 yards the patterns were'very
widely spread but the density sufficient to ensure killing.
But at 30 yards and beyond the patterns were so scattered,
irregular and uneven as to be quite unreliable, and he
returned to his own guns which were more closely bored
and killed his pheasants as well as ever.

This unreliability of true cylinder boring is so real that
I would warn all shooters against adopting it without first
making the most searching enquiries of their gunmaker as
well as seeing tests for pattern carried out for themselves
with ordinary commercial cartridges.

I will admit readily that aU that I have said against
the true cylinder applies to cartridges sealed with over-
shot wads and the ordinary type of turnover; also that
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the crimp cartridge may cure scattered patterns even in a
true cylinder as well as increase the density. I have no
experience of the crimped cartridge in a true cylinder
barrel and so can make no definite statement, although I
am sure that the shooting would be improved. But
even so there will stiU be vagaries of pressure to which I
am confident a true cylinder wiU be more sensitive than a
barrel with a certain amount of choke, and I find it hard
to believe that a true cylinder will ever prove as reliable
as a slight choke.

If I have said enough to deter the reader from selecting
a true cylinder barrel for a general utility gun I wiU be
weU content; and so I wiU not refer to this type of
boring further since I do not consider it to be a practical
proposition.

The next open t3̂ pe of boring is the Improved Cylinder.
This  is,  and  very  rightly,  most  popular,  and  I  know
several leading gunmakers who usuaUy advise customers
ordering a pair of guns to have aU four barrels bored im-
proved cylinder.

I  have  no  wish  to  seem  to  be  putting  my  opinion
against what must obviously be the combined experience
of numbers of shooters and expert shooting school
coaches, for gunmakers will naturally be guided in their
recommendations by such experiences. But at the same
time I cannot help thinking that an improved cylinder is
not the best boring for general purposes, and personaUy I
prefer a gun in which both barrels are given rather more
choke than is implied by an improved cylinder specific-
ation. And I have been rather encouraged in this opinion
by  finding  that  one  of  the  firms  of  gunmakers  which
commonly recommend aU four barrels to be bored
" improved cylinder ” adopted a boring of nearly ten
points of choke giving patterns approaching 160 with the
standard charge of ii»8 ounce of No. 6.

I  have  two  reasons  for  this  preference  for  a  slight
choke, and both are based on the question of baUistics.
The first is the more important, and is eminently practical.

No improved cylinder gives good and regular patterns
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unless the pressures developed by the cartridges are on the
“ soft ” side. A study of the last two chapters will have
shown that the greater the degree of choke the greater the
help which the pattern receives in overcoming irregular-
ities of pressure, velocity, turnover and wadding. An
improved cylinder is very sensitive to pressure— although
admittedly less sensitive than true cylinder— and a batch
of cartridges which give pressures of round about 3 tons, or
slightly over, will seldom yield even and regular patterns
in an improved-cylinder barrel.

We have seen that the normal pressure for a 2j-inch
12-bore cartridge is regarded as lying between 2-5 and
3 tons : so 3-tonners cannot be considered as anything
out of the way. Yet such cartridges will probably result
in the patterns being blown over a much bigger area than
the normal at 40 yards, which means that birds can escape
in the open patches, or else that they wUl receive but a
single pellet instead of the two or three which were shown
to be the minimum necessary in the last chapter.

At the present time, when there are so many “ high-
velocity ” cartridges sold, the tendency to scattered
patterns is greater than ever, as some of these " high-
velocity ” cartridges develop lively pressures— t̂hat is
pressures which cannot be regarded in any way as danger-
ous or excessive, but sufficient to cause scattered patterns
in an improved cylinder barrel.

Then early in the season the weather is frequently hot,
and this, as has been seen, tends to raise the ballistics and
scatter the patterns. The effect on game is that birds are
missed, or only wounded, and the shooter complains to his
gunmaker that the cartridges are weak, whereas they are
in reality too strong for improved cylinder guns.

Now, just as the three to five points of constriction in
an improved cylinder confer a great advantage on it over
a true cylinder when it comes to holding up patterns, so
do a further five points of choke help a barrel to tide over
the difficulties experienced by the improved cylinder.
In fact a barrel bored with ten points of choke is far and
away superior in holding up patterns from lively cart-
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ridges to any improved cylinder, and I am convinced that
such an advantage is very real.

My second reason for preferring a slight choke is
theoretical; nevertheless I think it to be sound.

I have already mentioned briefly the question of the
Stringing of Shot which wiU be dealt with fully in the
next two chapters. This stringing causes a certain loss
in density in the killing pattern on a fast crossing bird.
But this reduction in density is markedly less in the case
of chokes than improved cylinders, as will be seen in
Chapter VI.

So here again the choke has a certain advantage over
the true cylinder. The advantage may be only theory,
but I think that it is fairly sound theory. And I must
confess to feeling happier when shooting if I believe that
my gun wiU give the very best of whatever pattern there
is, instead of only a part of it. Since confidence is every-
thing in shooting, I prefer a gun with some choke to an
improved  cylinder,  and  personally  I  think  that  a  choke
of about ten points just about meets ordinary conditions.
Some men may prefer more : but that is a detail which
every shooter must decide for himself.

This suggestion really means that both barrels of a
gun, or all four in the case of a pair, should be bored with
about ten points of choke, or in other words, quarter
choke.

Two objections will naturally be raised to this advice,
namely that a choke adds to the difficulty of shooting and
means a big percentage of smashed game.

I will accordingly try to meet these objections.
Shooting at a rapidly moving object must always be

a difficult art owing to the diversity of the problems
presented. But these difficulties can roughly be divided
into two main categories : those arising from the object
being very near to the marksmen, and those connected
with a longer range. For near shots present a very
different problem from long ones, and are frequently far
more difficult. The latter are usually missed because the
shooter has failed to judge correctly the pace of the bird.
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or else to allow for some angle or cu rl; I believe that the
actual aim is seldom much at fault, because a bird coming
very high overhead, or crossing wide, usually gives one
much more time than one bustling past one’s head. Even
though the high bird may be flying faster than the low, the
low bird is shifting across the landscape more rapidly
simply because it is so much nearer. The reason is the
same as that which explains why a distant train travelling
at 6o miles an hour appears to be moving more slowly
than one which passes within a few feet at a speed of
30 miles an hour. In mathematical language the angu-
lar velocity of the nearer train is much greater than
that of the distant one, although the linear velocity may
be less.

The effect of this relatively more rapid change of
position of the near bird is that the shooter is much more
hurried, and consequentty is not so accurate in his actual
aim as he would be if  he had more time. And so, I think
it happens that near shots are missed far more through
errors in aim than long ones, simply because one is hustled
unduly.

If  this  is  the  case,  there  can  be  no  doubt  that  the
greater the permissible error of any type of boring the less
difficult it is to kill and so there is something to be said for
the first objection against choke. But let us see exactly
what it amounts to.

An examination of Table XI will show that when using
a full choke the permissible error is 3 inches less at 10
yards than when using an improved cylinder. This
amount may not seem much, but it is quite appreciable—
how often one sees a rabbit in covert missed just over its
back— and proves that a full choke must be a distinct
handicap for quick shots at close range. But the figure
I have quoted is the difference between an improved
cylinder and a full choke, while I have only advocated
a quarter choke. With such a boring the difference in
permissible errors compared with an improved cylinder
is but 07 of an inch at 10 yards, and i inch at 15 yards
and over.
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This is all one stands to lose by the adoption of a
quarter choke as far as the difficulty of shooting is con-
cerned. For at longer ranges, as I have already explained,
I believe that misses are due to other causes which are not
helped by mere radius of spread. A really high pheasant
is far more often missed by yards rather than inches, as
any shooting school coach will testify.

There are, of course, other causes of missing which I
have not mentioned. Such will be dealt with in a later
chapter and include faulty trigger pressure, incorrect
holding, incorrect swing, checking the swing, etc. But all
of these faults cause one to miss by feet rather than inches
and the radius of the spread of the shot charge will have
little effect on their results.

Accordingly I do not think that this first objection
holds much water when one comes down to actual facts.
Nor have I found it hold in practice, as the experience of
a number of my friends bears out my own that there is
no noticeable difference in shooting with an improved
cylinder or a slight choke.

Nor  have  I  found  the  second  objection,  that  of
smashed birds, to be borne out in practice. Of course, if
one does happen to get any going-away bird in the middle
of the pattern at 10 yards it will be rendered unfit for food:
but this would apply equally with any boring, and the
remedy is not to fire at such birds. Rabbits, too, may
sometimes be smashed ; but here again I think the range
has more to do with the result than the boring of the gun
— that is, within reasonable limits. A full choke will
certainly smash more game than an improved cylinder, as
the density of pattern is even relatively greater at short
ranges than at long.

And since this problem of smashed birds is not an
unimportant one the following table may be of interest.
This table shows in round numbers the number of pellets
which will hit a bird at the nearer ranges for every single
pellet which hits it at 40 yards on the supposition that
the bird is centred correctly in the pattern in every case.
This supposition has an important bearing on the issue
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as the centres of all patterns have considerably greater
relative density at short ranges than long.

T A B L E X II

T h e  Nu mbe r s o f  Pe l l e t s w h ic h w i l l  H i t a  B i r d a t  Ne a r e r
Ra n g e s f o r  Ev e r y  Pe l l e t w h ic h h it s i t a t  40  Y a r d s

Boring.

Range in
Yards. Improved

Cylinder.
Quarter
Choke.

Half
Choke.

Three-
quarter
Choke.

Full
Choke.

40 I I I I I
35 I I 2 2 2
30 2 2 2 2 3
25 3 3 4 4 4
20 5 5 6 7 7
15 9 10 II 12 14
10 18 20 23 26 30

In Chapter I it was explained that the pattern of an
improved cylinder was 145, and that of a quarter choke
160.  So  if  a  bird  is  hit  by  two  or  three  pellets  with  an
improved cylinder at 40 yards it is not very likely to be
hit by a greater number with the quarter choke. The
effect of this slight choke is to ensure the regularity of
the pattern rather than to increase the density to any
decided extent; and all that the quarter choke does
in  the  case  of  a  partridge,  for  example,  is  to  make
absolutely certain that the necessary number of vital hits
are secured as weU as to increase slightly the range at
which the minimum effective pattern can be obtained.
The  odds  are  that  a  bird  which  is  hit  by  2  pellets  at  40
yards with an improved cylinder would only be hit by
2 with a quarter choke, when at 20 yards both would
receive 10 pellets, and at 15 yards the improved cylinder
would give 18 pellets and the quarter choke 20, assuming
that  the  bird  is  in  the  middle  of  the  pattern.  There  is
no practical difference between these results, and even
if the quarter choke gave 3 hits at 40 yards instead of the



CHOICE OF BORING AND PATTERN i i i

2 of the improved cylinder, there would only be 15 pellets
at 20 yards instead of 10. At 15 yards the quarter choke
would put 30 pellets into the bird, and this is admittedly
too many. But the difference between 3 pellets and 2
at  40  yards  is  an  increase  of  50  per  cent.,  and  a  quarter
choke only gives a 10 per cent, increase in pattern density
at this range, and so I think that any deductions arising
from a 50 per cent, increase are quite misleading.

So the fact emerges that down to 15 yards there is
no appreciable difference in the numbers of pellets put
into a bird by an improved cylinder and a quarter choke,
which means that no increase in the danger of spoiling
birds for the table is involved in the change from the
former boring to the latter.

At  10  yards  the  bird  would  be  filled  with  shot  in
either case.

And while we are dealing with this aspect of the
matter it is interesting to make a similar comparison
with the results given by a full choke. This boring will
give a pattern of 200, which would mean that a partridge
which received 2 pellets at 40 yards from the improved
cylinder would almost certainly be hit by 3 from the full
choke. But at 20 yards these numbers become respec-
tively  10  and  21,  and  at  15  yards  18  and  42,  which  shows
conclusively that the accusation of smashing birds which
is generally levelled at a full choke can be true. Yet even
so it should be remembered that these are extreme
examples and that they only hold good when the bird is
hit with the very centre of the pattern. If a bird is
caught  by  the  fringe  of  the  pattern  alone  it  will  not  be
smashed to any extent.

There is, however, no comparison in this respect
between quarter and full choke, and it is the former which
I have suggested for the boring to replace the improved
cylinder for general purposes.

AU the patterns and numbers of pellets which can be
presumed to hit a bird which I have quoted are obviously
for the ordinary type of cartridge with an over-shot wad.
The crimped cartridge would certainly make a slight
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difference. But this difference would be constant for all
types of boring and the only practical effect would be that
the distances which I have given would all be very shghtly
increased in every case. For example 40 yards might
become 42 ; 35 might become 37 ; and so on. There
would be no real change in the conclusions which can be
drawn.

It wiU have been noticed that I have been quoting
figures for the ordinary 2j-inch 12-bore alone. I have
done so because actual examples were necessary for an
adequate consideration of the problem. But the principle
is the same for all bores : in fact, a heavier choke than a
quarter becomes cdmost essential in the case of the smaller
bores if the minimum necessary pattern for ordinary game
birds is to be obtained at 40 yards without changing to a
smaller size of shot than No. 6. This aspect of the case
will, however, be dealt with in another chapter.

So far we have only considered in detail the require-
ments for boring demanded by ordinary game shooting in
Great Britain on the assumption that this wiU be chiefly
at driven game. The man who wants a gun for aU-round
rough shooting in which shots at driven birds are so in-
frequent as scarcely to need consideration is faced with
an entirely different problem. In such circumstances
the very close shot is the exception, and the long shot is the
rule  ;  and  so  the  gun  should  be  bored  more  suitably  for
long shots than close. This must mean that the right
barrel should, at the very least, be a half choke, while the
left may be with advantage either three-quarter choke or
full. Personally, if I were returning to India I think I
would  buy  a  gun  with  both  barrels  full  choke,  as  I  am
sure it would be more generally useful than any other
combination unless I was going to a district in which snipe
were the only game. For flighting duck and general
walking up I am certain that a full choke in both barrels
is an advantage.

Where money is not a primary object it is not at aU
a  bad  plan  to  get  two  pairs  of  barrels  for  every  gun,  and
if this were done I would be inclined to recommend one
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pair bored with both quarter choke, and the other pair
both full choke. The latter pair would frequently be
invaluable abroad, and at home would be most useful for
walking up wild grouse or partridges ; when after duck
or wood-pigeons ; or on occasions when pheasants are
really high.

To sum up, I am inclined to suggest the following
borings and patterns for ordinary 12-bores as being the
most suitable for the types of shooting specified. For
reasons which have already been explained in Chapter I
it is always better to quote the actual pattern desired
rather than any particular degree of choke, and so the
specifications for choke which I give must not be regarded
as being rigid. They are only intended to be a guide in
conjunction with the pattern which should be obtained.

A l l -r o u n d  Sh o o t i n g i n  Gr e a t  Br it a i n  (c h ie f l y
d r iv in g ). Either both barrels quarter choke (Pattern
160), or right barrel quarter choke (Pattern 160) and left
barrel half choke (Pattern 170). Personally, I prefer
the former combination, but many shooters prefer the
latter. In any case there is little to choose between them.

Al l -r o u n d  Ro u g h  Sh o o t i n g i n  Gr e a t  Br it a i n o r
Abr o a d  (c h i e f l y w a l k i n g u p). Either right barrel
quarter choke (Pattern 160) and left barrel half choke
(Pattern 170), or right barrel half choke (Pattern 170)
and left barrel three-quarter choke (Pattern 187).

Smaller sizes than No. 12 should be bored similarly,
but in their case the limit of range is shorter, as will be
seen in the chapter dealing with this subject.

Finally, it is absolutely essential that the shooter
should see his guns tested for pattern with cartridges
similar to those which he uses in the field. This is of
paramount importance, as it ensures that the gunmaker
actually bOres the gun to the desired specifications, and it
gives the purchaser confidence in his gun as few other
things can.

It may happen that the cartridges which are to be
used in the field will not give good patterns in the gun :
if the fault is in the gun the cartridges should give good
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patterns in other barrels; but if the fault is in the
cartridges the shooter will be prevented from using
inferior  cartridges  on  game.

If the patterns are excellent, both the gunmaker and
customer should take steps to satisfy themselves that the
cartridges really do develop proper ballistics.

And there is another point in connection with patterns
which is frequently not realised by shooters. No com-
bination of gun and cartridges will always give identical
patterns; a certain variation in the count is inevitable
from round to round. The pattern quoted for any barrel
is only the average obtained from a number of shots, and
it is unreasonable to expect a gun to throw a certain exact
pattern  every  time.  Opinions  differ  as  to  what  is  the
permissible variation. If the cartridges are beyond
reproach a gun which has a variation of but 5 per cent, is
a treasure as rare as a perfect horse, and one of 10 per cent,
good. But a gun which has a variation of 20 per cent,
should be discarded.

The fact that variations in pattern are inevitable makes
the splitting of hairs waste of time, and it is for this reason
that I have given the patterns recommended in round
numbers. It is no use arguing whether it is better to
have a pattern of 155 or 157, as I have sometimes heard
men do. Nine times out of ten it will probably be neither.
All the same it is astonishing what a skilful regulator can
do in the way of averaging up patterns, but the shooter
should be reasonable in his attitude, and if he has asked for
a pattern of 160 he should be pleased with an average
result of either 156 or 164, particularly if the .spread is
even. In such cases it is always better to leave w'ell alone
rather than to strive for exactness in v'hat are really
trivialities, and run the risk of having the regularity of
the distribution of the pattern impaired.
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THE STRINGING OF SHOTJt

SO far we have only considered the lateral spread of
the shot charge during its passage through the
air, for it is this lateral spread which influences

the pattern. But just as the pellets become more separ-
ated laterally from each other the further they travel from
the muzzle of the gun, so does their relative longitudinal
distance apart increase with the range. In other words,
the shot charge strings out from front to rear during its
flight, and the greater the range the greater is the length of
the total string of pellets.

The explanation for this stringing of the shot charge is
not very difficult to understand. It has already been
pointed out more than once that the pellets which go to
make up one particular size of shot are not aU of exactly
the same weight. In every charge of No. 6, for instance,
there are some peUets nearly as large as No. 5J and others
almost as small as No. 6 .̂ And it is this variation in size
which results in the variation in the weights of the indi-
vidual pellets which constitute any shot charge. The
extent of this variation will depend on the accuracy of
grading for size during manufacture, and there can be
no doubt that the more accurate the grading the more
imiform  the  weights  of  the  individual  pellets  of  any
particular size. But absolute uniformity is an impossible
ideal.

And even if it were attainable there would always be
variation in the shape of the pellets of a shot charge after
its exit from the muzzle. For some pellets, especially
the outside ones, wiU suffer more from deformation than
others during their passage up the bore. Further, the
abrasion against the bore must reduce the weight of a
percentage of the peUets, and so it will be seen that even if
every pellet was of exactly the same shape and weight

115



ii6 THE MODERN SHOTGUN

when the shot charge was loaded into the cartridge, there
would be a distinct variation in the shapes and weights
of the pellets when they left the muzzle of the gun.

Now  it  was  explained  in  Volume  II  that  the  capacity
possessed by any projectile for overcoming air resistance
during flight, and so retaining its original velocity, was
dependent on its size, weight and shape. It will, accord-
ingly, be clear that if the pellets of a shot charge vary
in size, weight and shape their individual capacities for
retaining their original velocity wiU also vary. This
is exactly what happens ; and obviously always must
happen, although to a varying extent. The result is that
the heaviest peUets and those which have suffered least
by deformation will gradually forge ahead, while the
lightest pellets and those which are most misshapen will
steadily drop behind, the main bulk of the shot charge
becoming strung out between these two extremes.

This fact has long been recognised by all who were
interested in shotguns, but the practical shooter will be
chiefly concerned with the actual effect of the stringing of
the shot charge in the shooting field. And there are two
questions which naturally arise.

First, does the stringing of shot mean that the back
pellets have less effect on a bird owing to their lower
striking velocity ?

Secondly, what is the effect on the actual pattern on
a fast crossing bird ?

It has been argued that a bird occupies a certain
position in space momentarily only, and that at the
actual moment it was there it is possible for no peUet to
have been there also at the same time ; but that after the
bird had flown on two or three pellets might have come up
and passed through the space which had previously been
occupied by the bird. If a pattern plate had been placed
immediately  behind  the  bird  the  plate  would  have
registered all  the hits irrespective of when those hits were
made. In fact it has seemed possible that a pattern plate
is altogether deceiving, in that it can show a perfect
pattern when there are really large gaps. In other
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Two VIEWS  OF  AN  O b s t r u c t i o n a l  B u r s t n e a r t h e  B r e e c h e n d o f t h e  L e f t  B a r r e l o f a
16-BORE  G u n

In this case the burst was caused by the accidental insertion of a 28-bore cartridge in front of a i6-bore cartridge
Th»  “  ring  bulge  ”  can  be  clearly  seen  in  both  views.  The  upper  photograph  (A)  shows  how  the  top  rib  is  bent  at  the  site  of
the  burst,  and  the  lower  photograph  (B)  shows  the  severed  portion  of  the  barrel,  which  has  assumed  a  concave  shape  at  the

site of the burst
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words, the bird has been believed to " fly through the
pattern.”

One of the chief exponents of this doctrine was the
late Sir Ralph Payne-Gallwey and in his High Pheasants
in Theory and Practice he gives an interesting example
of the result of stringing of shot. **The incident occurred
during a grouse drive. Sir Ralph fired at and killed the
leading bird of a covey, when to his astonishment he saw
another bird, following some way behind the one he had
picked  out,  also  crumble  up  and  fall  dead.  No  one  else
had fired and Sir Ralph had only fired one barrel. The
only possible explanation was that the second bird flew
into the tail of the shot charge and was killed. From this
incident  Sir  Ralph  argued  that  there  must  be  gaps  in
the real pattern which would never be indicated on
the stationary pattern plate, and he substantiated this
reasoning by an ingenious experiment.

He fixed two tin discs up at 40 yards, one immediately
in front of the other, and so arranged them that the front
one was pulled out of the way by strong elastic immedi-
ately it was hit by even a single pellet of shot. On firing
at these discs he found that the second disc received just
as many pellets as the one in front, although it could not
possibly be struck by a pellet so long as the front disc was
in position. Sir Ralph thus proved that the shot charge
did not travel in one single plane, but that some of the
pellets were behind the others.

This deduction was absolutely true, but it was no new
discovery, for the experiment was conducted about 1913,
and the fact that the shot charge strings out in the air
had been realised for fuUy half a century, if not longer,
before.

To  my  mind  the  argument  in  favour  of  the  great  loss
of actual effective pattern resulting from stringing has
always seemed somewhat stultified by the grouse incident
just mentioned. For after all Sir Ralph killed the grouse
at which he aimed, and this was what his intention had
been and the gun gave a sufficiently good pattern to
enable him to carry out his intention. The fact that the
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bird behind was also killed established the existence of a
distinct tail to the shot charge: but the killing of the
leading bird proved that this tail did not spoil the pattern
to any very material extent.

This point of view was held by a school of thought who
were altogether more optimistic and declared that string-
ing was a positive advantage as birds were killed by
” flying into the pattern,” and I have seen it stated that
a moving bird must ” obviously ” be hit by many more
pellets than a stationary one for this reason.

This line of thought always seemed to me rather
difficult to follow ; for it appeared more probable that
the stringing out of the shot charge could not have any
marked effect in view of the success which could be
achieved with a gun on fast crossing birds, even though a
certain loss in pattern density must clearly be inevitable.

But the important point to establish was the extent
to which the pattern obtained on a stationary target
could be relied upon as an indication of the efficiency of
the combination of gun and cartridge on flying game.

MR. G R IFF ITH 'S EX P E R IM E N TS

The first scientific investigation of the problem of
stringing of shot was conducted by the late Mr. R. W. S.
Griffith in 1887. The apparatus which he designed
consisted of a flat circular target, 12 feet in diameter,
connected electrically with a chronograph, and kept
rotating at a steady speed by steam power. For the
purpose of simplifying calculations it was run at 318
revolutions per minute, which gave a rim-velocity of
200 f.s. The surface of the wheel was covered with an
annular band 4 feet in width, and the rim was marked all
round at points 6 inches apart from which radial lines
were ruled across the face of the band towards the centre ;
every space between these lines thus represented 4^ of
a second when the wheel was revolved at the speed
mentioned.

Circular lines, 3 inches apart, were also drawn on the
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face of the band, or target; and the whole face was thus
divided  into  sections  which  could  be  numbered  for
reference.

For velocity work, so far as arithmetical records were
concerned, these lines were sufficient. But for visual
inspection the patterns thus obtained did not give such a
good idea of the flight as a rectangular horizontal pattern
would convey; so the sections bounded by circular and
radial lines were translated into rectangular sections of
6 inches by 3 inches on a surface with parallel hnes instead
of the circular lines on the revolving target. The patterns
were carefully plotted on this horizontal plane, and were
then photographed. Thus the photographs represented
a horizontal translation of the patterns actually obtained
on a section of a circle.

In front of the revolving target, and as close to it as
possible, was fixed a screen covering the whole of the
lower half of the target, except that it was perforated
with an opening 4 feet in diameter and so placed as to
coincide with the 4-foot band rotating behind it. Across
this opening was strained a sheet of very thin paper.

On a shot being fired the stationary pattern was
obtained on this thin sheet of paper, while the pellets
passed through it and struck the revolving target im-
mediately behind, thus giving the moving pattern obtained
with the same shot.

The fixed screen was whitewashed and so it was
possible  to  teU  whether  the  shot  was  a  central  one  and
whether the bulk of the pattern had entered the 4-foot
aperture.

A sketch of this apparatus is shown in Fig. i i .
The experiments were made at 10, 20, 30, 40, 50,

and 60 yards with cylinder and choke guns firing 42 grains
of Schultze and i j ounce of No. 6 shot; also with a
2f-inch-choke gun firing 49 grains of Schultze and
ounce of No. 6 shot. So it will be realised that the scope
of Mr. Griffith’s research was fairly complete. Photo-
graphs of his records were published in the Field of April
9th, 1887, and from the measurements of some of these
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photographs the particulars given in Table X III were
obtained.

If these results are examined it will be seen that the
main bulk  of  the  shot  charge,  that  is go per cent., flies in
a comparatively compact mass, and that the remaining

Fig . II.— T̂he  Revolving  Wheel  apparatus  designed  and  used  b y  Mr.  Griffith
for measuring the stringing of shot.

Z is the revolving wheel 12 feet in diameter, and A , B , C, D is the screen
covering the lower half of the wheel. X is the circular hole in this screen,
4 feet in diameter, across which a piece of thin paper was strained, and on which
the stationary pattern was obtained.

In  the  sketch  an  imaginary  pattern  has  been  dotted  in  on  both  the  paper
screen and the revolving wheel, lo w i n g the difference between the two patterns
caused  by  the  stringing  of  the  shot  charge.

10 per cent, strings out into a tail which is roughly almost
as long again as the distance from front to rear of the
main bulk.

The important point to realise is that Mr. Griffith
succeeded in measuring the actual length of the shot
column in the air, and if this length is definitely known.



T A B L E  X II I

R e s u l t s o f  M r .  G r i f f i t h ’s  I n v e s t i g a t i o n o f t h e  S t r i n g i n g o f  S h o t

Ceirtridges loaded with i j oz. No. 6 Shot and Schultze Powder

Range in
Yards.

Time in Secs, separating first
Pellet and Velocity  over  Range  in  F.S.

Actual Distance in feet
separating the Front Pellets

and the

90th-
per-cent.

Pellet.

95th-
per-cent.

Pellet.

Last
Pellet.

Front
Pellets.

90 th-
per-cent.

PeUet.

95th-
per-cent.

PeUet.

Last
Pellets.

90th-
per-cent.

PeUet.

95th-
per-cent.

Pellet.

Last
PeUet.

CH O K E  B A R R E L

20 •0011 •0031 •0080 1,070 1,050 1,015 937 0-9 2-5 5-6
30 •0083 •0120 •0173 975 894 863 821 5-4 7-3 9-8
40 •0143 •0204 •0310 884 800 768 719 7.7 10-4 I4-I
50 •0179 •0245 •0359 822 750 * 729 687 8-4 i i- i 15-0

C Y L IN D E R  B A R R E L

20 •0009 •0045 •0098 1,060 1.043 982 904 0-8 2-9 6-4
30 •0078 •OIIO •0183 967 892 865 808 5-1 6-3 lO-I
40 •0211 •0257 •0407 877 760 737 676 9-0 12-3 16-7
50 •0289 •0367 •0460 815 705 680 652 12-8 15-3 17-9

H
w
w
C/3
H
HH
:z;
o
H-1

Z
Q
O

C/3

O
H

K>



122 THE MODERN SHOTGUN

as well as the relative positions of a sufficient number of
specified pellets, it is possible to deduce the effect of
stringing both on penetration and pattern.

But before this aspect of the subject is considered it
will be of interest to see what verification has since been
obtained.

MR.  Q U A Y L E ’S  E X P E R IM EN TS

Reference has already been made in Appendix I of
Volume II to the spark photographs of shot charges in
flight very near the muzzle taken by Mr. P. P. Quayle.
Mr. Quayle also took similar photographs of the shot
column at longer ranges. The principle he employed
was to shoot down a darkened passage on one waU of
which was stretched a large sheet of sensitised photo-
graphic film. An apparatus was fixed opposite this film
which developed a brilliant electric spark when the shot
charge passed by, and this momentary flash threw the
shadows of the pellets constituting the shot charge on the
film. When this was developed the resulting print
showed the pellets in silhouette. A photograph was thus
obtained without a camera; and the exposure was very
brief, being but the duration of the electric spark which
has been stated to be but one-millionth part of a second.

By this means Mr. Quayle measured the length of
a shot column at various ranges and some of the results
he obtained were published in American journals, more
particularly Army Ordnance of May-June, 1928.

It  should  be  noted  that  this  method  of  spark  photo-
graphy is the only one which gives the actual measure-
ment of the length of the shot column. In all other
methods this length has to be deduced.

The Table on opposite page was one published by
Mr. Quayle for a 12-bore gun.

When the variations given by the individual rounds in
these measurements are considered, and a comparison is
made between them and those obtained by Mr. Griffith, it
will be seen that their results can be said to be practically
identical. Of course both Mr. Quayle and Mr. Griffith
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Re s u l t s o f  Mr .  Qu a y l e ’s  In v e s t ig a t io n o f t h e  St r in g in g o f
Sh o t

Range.

Distance in Feet between Front
Pellet and

jt Number of

50 per cent.
Pellets.

75 per cent.
PeUets.

100 per cent.
Pellets.

Rounds.

40  yards  .  . 2-6 5-5 9 7 I
3-2 4-1 12-6 I
4.9 6-0 13-2 I
3-4 5-1 I0'9 I
4-1 5-2 13-8 I

3-6 5-2 I2'0 Average
5 rounds

II yards  .  . I-O 1-5 4-2 Average
9 rounds

were measuring the same thing, but it may surprise many
readers to find that the measurement of the shot string
was made so accurately over 60 years ago.

By combining Mr. Quayle’s and Mr. Griffith’s results
it is possible to give the average lengths of the different
parts of the shot column at various ranges, and this has
been done in the following Table.

T A B L E  X V

Le n g t h o f t h e  Sh o t  Co l u mn in  Fe e t a t  D i f f e r e n t  Ra n g e s

Front Pellet to
Range in Yards.

30 40 "O

50th per cent, pellet . . . 2-7 3-6 4-5
75th per cent. peUet . . . 3-9 5-2 6-5
85th-90th per cent, pellet . . 5-4 7-2 9-0
9oth-95th per cent, pellet . . 7-2 9-6 12-0
Back p e l l e t .............................. 9-0 I2'0 15-0
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This Table emphasises the fact that the main bvilk of
the shot charges travels in a comparatively compact
column, but that there is a long, thin tail which comprises
but about 15 per cent, of the total number of pellets.

Mr. Griffith stated the opinion that many experiments
had convinced him that the leading pellets in the column
consist of a group of about 5 per cent, of the entire charge,
and that this vanguard was closely followed by a further
25  per  cent,  of  the  charge.  But  naturally  absolute  imi-
formity cannot exist, and Mr. Griffith’s opinion should
only be regarded as applying to t5^ical average behaviour.

E F F E C T  ON  P E N E TR A T IO N

We can now come to an investigation of the practical
effects of stringing in the shooting field. These effects
may be detrimental both to penetration or pattern, but
let us first confine ourselves to the question of penetration,
which is really the simpler one to answer.

It has been seen that the shot charge strings out in

S C A L E  F E E T
4-  S  & 7 8 <0 a

—I
F i g . 12.— Side  view  of  a  typical  shot  column  at  40  yards.

An  imaginary  sketch  based  on  the  data  given  in  Table  X V  and  Mr.  P.  P.
Quayle's spark photographs.

the air because the pellets do not all possess the same
capacity for overcoming air resistance and so retaining
their velocity to the same extent. This means that at any
specified instant the pellets of the charge have different
velocities, the leading pellets having higher velocities
than the more backward ones. Since the average lengths



THE STRINGING OF SHOT 125
of the various sections of the shot column have been
established, it is possible to calculate the actual striking
velocities of the pellets comprising these sections at
different ranges. The leading pellets will have a slightly
higher velocity for any given distance than that of the
average pellet of the charge, and the rear pellets will have
lower velocities. I mention this in order to explain the
seeming discrepancy between the various striking veloci-
ties given below when compared with those given in the
Tables of Striking Velocities in Volume II. The Tables in
Volume II were calculated on the assumption of average
behaviour rather than that of the highest velocity attained
by any pellet in a charge.

The following Table gives the striking velocities of the
different parts of the shot column at 30, 40 and 50 yards.

T A B L E  X V I

S t r i k i n g  V e l o c i t i e s a n d  E n e r g i e s o f  D i f f e r e n t  P a r t s o f t h e

S h o t  C o l u m n a t  V a r i o u s  R a n g e s

Standard  12-bore  cartridge  loaded  with  No.  6  shot  and  giving  an
Observed Velocity of 1,050 f.s.

Pellet.

Range in Yards.

30 40 50

Velo-
city in

F.S.

Energy
in Ft.-

Ibs.

Velo-
city in

F.S.

Energy
in Ft.-

Ibs.

Velo-
city in

F.S.

Energy
in Ft.-

Ibs.

F ro n t ............................ 752 2-03 634 1-45 528 I'OO
50th p er cent.  . 680 I �66 581 1-22 479 0-83
75th per cent. . 654 I -54 559 I-II 459 0-76
8 5th -g oth pe r  cent. 621 1-39 528 I-OO 432 0-67
90 th -95th per cen t. 583 1-23 493 0-88 400 0-58
B a c k .................................... 541 1-05 456 0 7 5 368 0-49

In Volume II it was suggested that a striking energy
of 0-8 of a ft.-lb was the minimum necessary to ensure
effective penetration ; and if this value is accepted it will
be seen that at 30 yards the whole of the shot charge is
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effective. At 40 yards 95 per cent, of the shot charge
is effective, and the ineffective 5 per cent, is made up
of the most backward pellets in the extreme tail of the
column. In order to be hit by this thin tail of the charge
a crossing bird would need to be missed in front with the
rest of the column. I do not believe that misses in front
are so rare as is frequently asserted : nevertheless I think
it may reasonably be assumed that the chances of a bird
being struck by any of the pellets in this extreme tail are
hardly worth consideration.

At 50 yards, however, the situation is different.
Here only the front half of the shot coliunn can be
regarded as being absolutely effective, although the next
quarter is very nearly so. But even at this range I do
not think the loss in penetration resulting from stringing
can be regarded as serious; for as before the ineffective
portion is composed entirely of the tail of the column,
although admittedly not quite the extreme end of the
tail. But for a bird to be hit by any of these ineffective
pellets it would have to be missed in front by the main
bulk of the shot column, and the art of shooting should
result in the main and effective bulk of the charge being
placed just right.

All the same these 50 yards values do indicate that at
this range the shot charge is reaching its limit for effective
penetration ; and quite possibly they explain why birds
are at times undoubtedly killed between 50 and 55 yards,
while at other times they may be hit but without serious
effect.

An increase in the average striking velocities of all the
pellets in the shot column at long range would seem to be
an obvious remedy for this loss in stringing. This increase
can be attained by an increase in initial velocity, and so
it may be of interest to see what effect in the striking
velocities and energies of the different parts of the shot
column can be produced by loading cartridges to give
an observed velocity over 20 yards of 1,150 f.s. These
values are given in Table X VII on the opposite page.

It will be seen at once that the increase in observed
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velocity has brought the whole of the shot column at
40 yards within the effective limit, but this gain is not
very material, because with the standard cartridge it
was only the extreme tail of 5 per cent, which lacked
penetration.

At 50 yards, however, the advantage is something
more real because the leading 75 per cent, of the column
has now become effective instead of only the leading 50 per

T A B L E X V II

S t r i k i n g  V e l o c i t i e s a n d  E n e r g i e s o f  D i f f e r e n t  P a r t s o f t h e

S h o t  C o l u m n a t  V a r i o u s  R a n g e s

Cartridge loaded with No. 6 shot and giving an Observed Velocity
of 1,150 f.s.

Range in Yards.

30 40 50
Pellet.

Velo- Energy Vein- Energy Velo- Energy
city in in Ft.- city in in Ft.- city in in Ft.-

F.s. lbs. F.s. lbs. F.s. lbs.

Front ....................... 793 2-38 671 1-62 562 I-I4
50th per cent . . . 741 1-98 618 1-38 514 0-95
75th per cent. . 712 1-83 593 I -27 491 0-87
Ssth-goth per cent. 680 1-66 563 I-I4 464 077
goth-95th per cent. 639 1-47 525 0-99 431 0-67
B ack............................. 593 1-27 487 0-85 395 0-56

cent. And it is this first three-quarters of the column
which is far and away the most likely part to constitute
the killing pattern.

Nevertheless this last Table does show that at 50 yards
there is an ineffective tail even when the observed velocity
developed is as high as 1,150 f.s. ; accordingly, it does
not seem unreasonable to place the extreme limit for the
killing range of No. 6 shot at a distance of about 50 to
55 yards. And it must be remembered that this deter-
mination of the limit of killing range is only taking into



128 THE MODERN SHOTGUN

consideration the question of penetration and is ignoring
that of pattern.

E F F E C T  ON  P A T T E R N

Having seen that up to 40 yards the effect of stringing
on penetration can be regarded as negligible with normal
shot sizes and cartridges, we must now consider the effect
on pattern. This is really a more difficult problem, and
it has been tackled in three ways.

The first of these is to calculate the time intervals
between the passage of some fixed point by the front
pellets and other parts of the shot column, and then to
calculate the distances flown by a bird crossing at, say,
40 miles an hour in these times.

The following Tables give these results for a standard
12-bore cartridge developing an observed velocity of
1,050 f.s.

T A B L E X V III

T i m e  I n t e r v a l s i n  S e c o n d s s e p a r a t i n g  F r o n t  P e l l e t s a n d

D i f f e r e n t  P a r t s o f t h e  S h o t  C o l u m n a t  V a r i o u s  R a n g e s

Range in Yards.
Front Pellet to ------------- ..  _

30 40 50

50th per cent, pellet •0039 •0062 •0096
75th  per  cent,  pellet  .  .  . •0059 •0090 •0139
Ssth-goth per cent, pellet . �0086 •0132 •0202
9oth-95th per cent, pellet . . •0118 •0185 �0274
Back p e l l e t ............................. •0158 �0249 •0381

Table X IX shows that if the head of the shot column
is centred correctly on a bird crossing at 40 m.p.h. the
bird will not have been able to fly clear of the column by
the time the back pellets have reached it, because at all
the ranges considered the radius of the total spread of the
shot charge, even from a full choke, is greater than the
distance flown by the bird. Of course this assumes that
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the bird is impenetrable to shot; if it were hit by a
sufficient number of pellets it would cease to fly.

So it will  be seen that a bird cannot possibly fly right
through the shot column before the whole of the column
has reached i t ; provided, of course, that the shot charge
was properly placed.

This point is interesting, but it does not really decide
the actual effect of stringing on the pattern likely to be

T A B L E  X I X

Dis t a n c e s in  In c h e s f l o w n b y a  B i r d c r o s s in g a t  40 m.p .h .
DURING THE TIME INTERVALS SEPARATING THE FRONT PELLETS
AND  D i f f e r e n t  Pa r t s o f t h e  Sh o t  Co l u mn a t  Va r i o u s
Ra n g e s

Distances Flown in Inches for
Ranges of

Front  Pellet  and

30 Yards. 40 Yards. 50 Yards.

50th per cent. peUet 2-7 4-4 6-8
75th per cent, pellet . . . 4-1 6-4 9-8
83th-9oth per cent, pellet . . 6*0 9-3 14-2
90th~95th per cent, pellet . . 8-3 13-0 19-3
Back  pellet  . . . . . . i i - i 17-5 26-8

received by a crossing bird; and to settle this point it
is necessary to compare the pattern actually obtained on
a stationary plate with the pattern which would be ob-
tained were the plate crossing the line of fire at the same
speed as a bird is flying.

It will be remembered that Mr. Grifiith obtained
patterns with the help of his revolving wheel which
would  have  been  delivered  on  a  plate  crossing  the  line
of fire at a speed of 136 m.p.h. A number of these
patterns  were  published  in  the Field of April 9th, 1887,
and  a  typical  one  is  shown  in  Fig.  13.

From this diagram it is quite evident that there must
be an obvious loss in the density of the pattern, or that
part of it, received by an area the size of a bird when
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compared to a corresponding part of the pattern obtained
on the stationary plate.

But 136 m.p.h. is an altogether extreme speed, and
40 m.p.h. is probably the highest speed at which birds
actually cross the line of fire in normal circumstances.
So the target velocity adopted by Mr. Griffith does not
reaUy help us much in our investigation of the effect of
stringing from the point of view of the practical game
shot, although this high velocity was necessary in order
to obtain data for the determination of the actual length
of the shot column in the air.

Nevertheless Mr. Griffith’s records are so numerous
and complete that it has seemed a pity not to make use of

F i g . 13.— One of the patterns obtained by Mr. Griffith on his revolving wheel
and translated to a rectangular target moving from right to left at a speed
of 136 m.p.h.

them, and a method has been suggested for translating
his 136-miles-an-hour patterns to 40-miles-an-hour pat-
terns, when a comparison could be made with the patterns
given by the .same round on the stationary screen.  Like
most other m ethods of theoretical investigation into such
problems, the procedure owes its existence to the late
Mr. F. W. Jones.

The bedrock on which to start consists of the patterns
obtained on the stationary screen and 136-miles-an-
hour target by Mr. Griffith with one and the same shot.
Any one of Mr. Griffith’s numerous records can be taken
for our purpose, and the diagram in Fig. 14 shows the
procedure.

A, B, C, D is a pattern obtained on the 136-miles-an-
hour target, which is the same one as that shown in
Fig. 13.

A, E, F, G is the longitudinal plan of the actual shot
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column in the air at the moment of impact between the
front pellets and the stationary screen. In reahty this
shot column should be solid and standing up in the air
at right angles to the plane of the target A, B, C, D ;
but such a position is impossible to depict in a diagram,
and the effect is just the same if it  is shown as it actually
is in Fig. 14.

The positions of the pellets in the column A, E, F, G
have been determined from a comparison of the stationary
pattern (not shown here) and the 136-miles-an-hour
pattern, and the column has been drawn to scale.

Now if the target were stationary the whole of the
pellets in this shot column would be foimd on the square
portion A, E, H, D ; and it is only on account of the
target’s rapid movement from right to left that the rear
part of the column is actually found E, B, C, H.

If a line is drawn joining F to B and other lines are
drawn at equal intervals and parallel to this first line, it
is not difficult to understand that the pellets in the shot
column which lie between these lines will be found on
the moving target opposite to where these lines meet the
edge of that target.

It will accordingly be realised that Fig. 14 is a dia-
grammatic explanation of the manner in which the shot
column is strung out when it strikes a crossing target.

But if the target is not travelling so rapidly the
amount of stringing out will be less, and the dotted line
KL marks the extreme right edge of the pattern which
would be obtained with this same shot column were the
target crossing at but 40 m.p.h.

So if another series of lines are drawn parallel to the
line joining F to K, these lines will show how the shot
column will distribute itself on the target A, K, L, D,
which is crossing at 40 m.p.h. ; whence it is possible to
reconstruct the pattern on to this target.

This has actually been done in Fig. 15, which shows
the pattern which would have been obtained on a target
crossing at 40 m.p.h. by the shot which actually gave the
pattern shown in Fig. 13.
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are all travelling with the same velocity, whereas in actual
practice they are not. This does not in any way affect
the general principle which is indicated diagrammatically
with such clarity; but it would mean that in actual
practice the lines drawn from the shot column to the
moving target would have to be diverging as they
approached the target, instead of parallel.

Then the correct placing of the individual pellets in

<0 M.P.H
F i g . 15.— The pattern obtained by Mr. Griffith and shown in Fig. 13, but

translated on to a target moving at 40 m.p.h.

the representation of the shot column must be largely a
matter of conjecture emd in any case one of considerable
difficulty, and would require an immense amount of time
and patience if it were to be done in a sufficient number
of examples to give adequate information.

If no other data were obtainable this method of util-
ising Mr. Griffith’s results would be valuable. And even
as it is it can provide interesting confirmation for the
recent experiments described in the next chapter.



C H A P T E R  V I

THE EFFECT OF STRINGING ON PATTERN

IT will have been realised from the previous chapter
that the problem of the stringing of shot is not an
easy one to investigate, and it is imdoubtedly true

that the ordinary shooter is not in the least concerned as
to the exact distance in feet or inches, measured in the
direction of flight, which separates the leading pellet of
a shot charge from the last. All he wants to know is
what happens to the bulk of the shot charge, that main
portion which forms the killing pattern. It has been seen
that at all ordinary sporting ranges, that is up to 40
and even 50 yards, stringing does not reduce the pene-
tration of the main bulk of the shot charge below the
necessary minimmn. That is a great deal. But what
about pattern ? For it is of no practical use for the
pellets in the shot column to possess sufficient powers of
penetration if the pattern is so decreased in density that
a bird can escape in the open spaces.

In spite of the calculations which have been briefly
considered in the last chapter, I have always felt that the
only really satisfactory way of determining the effect of
stringing on pattern would be to fire series of shots on
a stationary pattern plate, and then further series with
the same gun on a pattern plate crossing the line of fire
at 40 m.p.h., or thereabouts, which is the approximate
speed of a fast bird.

There was nothing new in this idea, but it was not
until quite recently that it was carried out with compara-
tive completeness.

The first person to have conducted any experiments
on  this  fine  was  Mr.  H.  A.  Ivatt,  who  fired  a  few  shots—
apparently four— at an iron target fixed to a railway
train. The results of these shots were published in the
Field of September 20th, i8go. The train travelled at

134
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four different speeds, i i ’4, 22*8, 28-I5 and 32 m .p.h.;
and one shot was fired at each speed.

The primary object of the experiments would seem
to have been the determination of the forward allowance
necessary on a crossing target, as a bull’s-eye was painted
on the front end of the target and Mr. Ivatt kept swinging
on this biill as it moved across his front. The distance
between the centre of the pattern and the bull gave the
approximate forward allowance necessary for the speed
at which the shot was taken.

Not even an approximate idea of the loss in density
due to stringing could be obtained because the target
was only 3 feet wide, and since the range was 40 yards
it was not possible to be certain that each shot had been
properly centred. Further, no count of the pellets was
taken. But Mr. Ivatt did mention in his account of his
experiment that there was no marked difference in the
patterns obtained on the moving target from those which
would be expected on a stationary plate; and the
actual diagrams which were reproduced in the Field
substantiated this view.

The next experiment of this nature was conducted by
Mr. W. Webster Watts, who was for many years the
proprietor of the London Sporting Park. On this
occasion Mr. Watts utilised an iron plate 9 feet long
and 27 inches wide which he dropped from the top of a
go-foot tower and shot at it just before it reached the
ground  when  it  had  acquired  an  estimated  velocity  of
75 f.s. But the narrow width of the target— only 27
inches— precluded the obtaining of any definite data,
although the experiment did show that there was quite
a good killing pattern on the plate, although it was
naturally not possible to determine whether this was
the densest part of the pattern or not. This ex-
periment was reported in the Field of February i6th,
1907.

Three years later Mr. Watts tried an altogether more
ambitious experiment and fixed an iron target 9 feet long
by  4  feet  wide  on  the  side  of  a  motor-car  and  fired  some
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shots at it when travelling at various speeds up to
50 m.p.h.

But here again, curiously enough, Mr. Watts seemed
far more interested in trying to determine the necessary
forward allowance than in the question of stringing, as
can be seen from his interesting account of the experiment
which appeared in the Field of May 7th, 1910, Forward
allowance depends on other factors besides the flight of
the shot charge, and all of these can be ascertained with
far greater accuracy by other means than aiming at a
moving mark and measuring the distance of the centre
of the pattern behind this mark. This method is depen-
dent  largely  on the human element,  which should always
be excluded in any research.

On this occasion Mr. Watts’s target was again too
narrow for reliable tests for pattern, but his results
certainly did show that a perfectly effective killing pattern
could be obtained on a rapidly moving target.

It so happened that I was staying at Baynards Park,
Surrey, with my friend, the late Mr. C. E. AUan, during
December, 1925, for one of his most enjoyable covert
shoots, and I happened to mention how keen I was to
carry out some really comprehensive experiments to try
to determine the actual effect of stringing on pattern.
Mr. Allan seized on the idea with enthusiasm with the
result that as soon as the shooting season Was over, that is
in February, 1926, we began work in earnest.

The car used for the experiments was an ordinary
Ford lorry which normally fulfilled efficiently the duties
of a.luggage car. Mr. Allan had the engine generally
overhauled and tuned up so as to ensure regular running
at comparatively high speeds.

A vertical sheet-iron target, 6 feet high by 12 feet
long, was fixed to the off side of the car. I may mention
that  Mr.  Allan and myself  between us  made the whole  of
the target frame and attached the target ourselves, the
work taking about three days. The general method of
attachment can be seen from the photograph given in
Plate II. In order to counter-bedance the weight of the



PLATE VII

(A)  An  action  and  stock  of  a  best-grade  gun  smashed  by  a  ve^  excessive
pressure.  The  bar  of  the  action  is  cracked  as  can  be  seen,  while  the  head
of the stock is broken. The barrels, however, are absolutely intact and
exhibit no signs of distress in any way. This case shows how, in a best-grade
gun, the barrels are stronger than the action, especially if the latter is not

fitted with a top extension.
(B) A double obstructional burst. In this case some cleaning material was
left behind in both barrels. The first shot of the day burst the right barrel,
when the left barrel was jarred off, which also burst. In both barrels the
wave pressure was so intense that it completely severed the barrels in tw o;
but evidence of both “ ring bulges ” is plainly shown by the bands in the
rib at the points i and 2, as well as by the tendency to a funnel-like appearance

shown by the severed portions of the barrels.
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target four heavy iron bars were lashed to the ends of the
horizontal wooden joists on the near side of the car, while
an anvil placed inside the body, also on the near side,
completed the necessary amount of counterpoise.

As a precautionary measure, and in order to protect
the front wheel and radiator from any stray pellets, an
additional  piece  of  sheet  iron  was  bolted  on  to  the  front
edge of the main target and held in position by wooden
supports behind. The three main longitudinal wooden
supports for the whole target were purposely left pro-
truding to the rear with a view to simplif5dng the attach-
ment of any additional light sheet iron or canvas target
should the existing length of 12 feet prove insufficient to
catch aU the pellets in the extreme tail of the shot charge
when the car was travelling at 40 m.p.h. A very few
shots, however, proved that this additional precaution
was unnecessary.

In passing it may be mentioned that the car steered
easily and that there was no serious wind pressure on the
target; the engine ran perfectly throughout, while no
hitch of any sort occurred in connection with the target
attachment.

Before any reliance could be placed on the results
obtained it was necessary to check the accuracy of the
speedometer, a new instrument specially fitted for the
experiments, at different speeds. With this end in view
a furlong was taped out along a level road and the car
was driven over this furlong twice at 20, 30 and 40 m.p.h.

Speedometer Reading.
Time over One Furlong.

Correct Time. Observed Time.

20 m.p.h..................................... 22^ secs. 22 secs.
20 ........................................... 22J  „ 22f  „
30 ................................................ 15 .. I4i ..
30 ................................................ 15 .. 14? ..
40 ................................................ H i  „ H i
40 » ................................ H i H i ..
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respectively, while the time was in each case taken with a
stop-watch. The results of this speedometer calibration
were as tabulated on the previous page.

SCOPE  A N D  CON DU CT  O F  T H E  E X P ER IM E N T S

Our main, in fact almost our whole, object in these
experiments was to ascertain as definitely as possible
what effect the stringing of shot had on the killing
pattern in ordinary sporting circumstances. It was
clear that there must be some loss in pattern density
when the target was moving rapidly across the line of
fire, and we wished to determine whether this loss was
sufficiently great as to nullify the utility of ordinary
tests for pattern on a fixed plate.

We  also  thought  that  it  might  be  possible  to  obtain
some  data  as  to  the  length  of  the  shot  column  in  the
air. It must be remembered that these experiments
were carried out before Mr. Quayle had taken or pub-
lished his spark photographs, and the only scientific
information on this subject was that obtained by Mr.
Griffith thirty-nine years before.

But  we  realised  that  a  speed  of  40  m.p.h.,  which
was the maximum the car could attain with regu-
larity and certainty, was insufficient to permit of any
accurate computations being made as to the length
of the shot column. And in any case we felt that the
practical effects of stringing in the actual shooting field
were really of more importance to sportsmen.

With this end in view we collected a number of
ordinary good shooting 12-bore game guns, aU of which
were regularly used in the actual shooting field. Of
the total number of barrels four were bored improved
cylinder and aU the others with varying degrees of
choke. The cartridges used were loaded with 33 grains
of Smokeless Diamond powder, best felt wadding, and
i^e ounce of No. 6 shot. Both the powder and shot
charges were checked by weight, and I took a number
of cartridges haphazard from the whole lot and shot
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them for pressure and velocity, when I found that the
ballistics were normal and regular,

I  had  always  thought  it  possible  that  the  effects  of
stringing might be enhanced by a long shot column in
the bore owing to the greater proportion of pellets which
would be on the outside and suffer from abrasion, and
so we borrowed an American 20-bore chambered for the
special 3-inch cartridge, and a best-grade pigeon gun by
Holland and Holland which was chambered for the 2|-inch
case holding ounce of shot.

As a further check we also tested an ordinary 12-bore
game gun which had been specially regulated for an
ounce of shot, as this lighter charge would cause a
slight reduction in the length of the shot column in the
bore.

Every gun was first fired for pattern at the stationary
target at 40 yards, and the number of pellets in the
selected 30-inch circle was counted as usual, a mean of a
series of five rounds being taken as the average. Series
of five shots were then fired at the moving target at
40 yards when the car was travelling at speeds of 30 and
40 m.p.h. Here again in every single case the number
of peUets in the 30-inch circle was counted, while the
height and width of the whole pattern, with the exception
of the outside straggling pellets, was measured as accur-
ately as possible in order to determine the degree of
elongation in the whole pattern resulting from the
movement of the target.

In addition photographs were taken of a great number
of the patterns obtained on both the stationary and
moving targets.

{N.B.— In order to avoid confusion in the description
of the results obtained, I propose to refer to the elonga-
tion of the whole pattern on the actual moving target
as “ tailing,” while the longitudinal spreading out of the
actual shot charge in the air wiU still be referred to as
“ stringing.” )

Before any shots were taken at the moving target
some difficulty was anticipated in hitting the target
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in a central position, but as a matter of fact the shooting
was ea sy; very much easier than it looked. It did
provide, however, a most important object lesson in the
supreme importance of swing ; and it was most inter-
esting to see the effect of even the slightest check in the
swing. Such a check would result in the shot being
centred quite 6 feet farther back, and proved that if a
bird is missed through a check in swing, it is not missed
by inches but by yards.

Mr.  Allan  and  myself  fired  every  shot  between  us,
but he fired about 75 per cent, of the total while I occupied
myself with measuring the vertical and horizontal spreads
of the whole charge, counting the patterns, recording all
results and taking photographs.

Fears as to stray pellets puncturing the tyres proved
to be unfounded and everything worked without a hitch
from start to finish.

The sound of the discharge of the gun and that of
the shot striking the sheet-iron target were so drowned
by “ Tin Lizzy’s ” ordinary everyday noise that the
effect seemed no more than that of an airgun being
fired, while the skill displayed by Mr. Alec Mackay,
the actual driver of the car, who drove with constant
regularity of speed in an identical track again and again,
helped very materially to the success of the experiments.

The late Mr. F. W. Jones was Mr. Allan’s guest as
weU as myself during the whole conduct of the actual
firing at the moving target, and helped us much with
his advice ; while Mr. Eric Parker came over one day
and watched the experiments.

T H E R ESU LTS O B TA IN ED

Mr. AUan insisted on the honour of the first shot at
the moving target being mine, while he rode in the car
beside the driver in order to check the speed indicated
and  to  find  out  what  the  noise  made  by  the  impact  of
the shot on the plate was like when the car was travelling.

So  as  to  make  quite  sure  of  not  losing  any  "  tail  ”  of
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the pattern off the target the first shot was taken at
30 yards while the speed of the car was only 20 m.p.h.

I will never forget my feelings of excitement as I
waited in position while the car approached the spot
at which the shot was to be taken. They were akin
to those which one experiences when firing the opening
shot in the Elcho Match at Bisley. Mr. Jones stood
beside me in silence, but I could see he was just as excited
as I was myself.

I took the shot in exactly the same way as I take
a crossing hare : that is, just swung through the spot
where I wanted to place my pattern and pressed the
trigger. We then all hurried to examine the result, and
I was gratified to see that the shot had been placed
just where I had intended.

This one shot saved us a lot of trouble, as the pattern
was absolutely indistinguishable from that obtained on
a  stationary  plate  !  There  was  no  tail  of  any  sort!
So we immediately gave up all ideas of making tests at
under 40 yards range or at speeds lower than 30 m.p.h.

I then fired one shot at 40 yards at the target travelling
at 30 m.p.h. as a check, and once again there was not
any noticeable tailing. This enabled us to proceed in
earnest.

But since the attainment of a speed of 40 m.p.h.
needed a considerably longer run with consequent delays
the greater part of the shooting was carried out while
the target was crossing at 30 m.p.h. Although this
speed is undoubtedly exceeded by many game birds it
proved quite sufficient to indicate whatever tendency
there was towards elongation of the pattern owing
to the movement of the target. Accordingly a great
number of series of shots were fired from the different
guns at the target moving at 30 m.p.h., and the higher
speed of 40 m.p.h. was only used in a more limited
number of series in order to confirm the results which
had  been  obtained  at  30  m.p.h.  As  it  was  the  experi-
ments occupied nearly a fortnight and well over 100 shots
were fired at the moving target, the whole pattern being
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measured and the pellets in the 30-inch circle being
counted in every single case.

But because there was no pronounced tailing with
ordinary game guns, it did not necessarily follow that
it might not be produced by magnum loads with their
long shot columns in the bore of the gun. Unfortunately
it was not possible to obtain all the evidence for which
we had hoped on account of the poor shooting qualities
of the magnum 20-bore which has already been men-
tioned.  Series  were  fired  with  this  gun  at  the  target
when stationary and moving, but the patterns were so
variable and irregular that it was not possible to draw
any definite conclusion. Excellent results, however,
were obtained with the 12-bore pigeon gun firing
ounce of shot, and both barrels gave results which were
similar to those given by ordinary 12-bores bored with
choke. The additional length of the shot column in the
pigeon gun due to the extra A ounce of shot made no
noticeable difference of any sort from the point of view of
tailing. Similarly, there was no reduction in tailing
caused by firing an ounce-shot charge from an ordinary
12-bore, although in this case the difference in the length
of the shot coltimn was so slight that no difference in
results was thought possible.

I think, therefore, that it may be assumed that a
long shot column does not have any tendency to increase
the effects of stringing. Many, including myself, had
thought this possible.

But although there was no tailing as such, it must
not be imagined that the patterns on the moving target
were identical with those made on a fixed plate. As
a matter of fact, there was a very slight elongation of
the pattern at 30 m.p.h., which became slightly more
pronounced  at  40  m.p.h.  In  order  to  check  my  first
shot one complete series was fired at the target traveUing
at 20 m.p.h. but as the patterns obtained both individually
and on the average were exactly similar at 40 yards
to stationary ones, further firing at this speed was
abandoned as being mere waste of time.
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Taken as a whole, the average elongation of the
pattern due to a speed of 30 m.p.h. was just under
4 inches ; and just over 5 inches at a speed of 40 m.p.h,
in the case of choke barrels.

With improved cyUnder barrels the average elonga-
tion was about one inch more than that of the choke at
each speed.

It  should  be  clearly  understood  that  only  the  main
bulk of the pattern is referred to when considering
elongation. In every pattern there will be a few isolated
pellets right outside the others; these were ignored in
each case. At 40 m.p.h. a common feature of the pat-
terns was the presence of six or ten pellets just clear on
the left showing that it was these few pellets which had
formed the end of the string of the charge, since the
target travelled from left to right throughout the experi-
ments. At 30 m.p.h. these lagging pellets were not so
noticeable.

Since it was thought possible that a smeiU proportion
of  the  pellets  had  lagged  so  far  behind  that  they  were
never caught on the target at all, every single shot-
mark on the target was counted in a number of instances
with the 40-miles-an-hour patterns, and in no case were
there more than ten pellets unaccounted for out of the
whole charge, while in one instance every single pellet
of  the  charge reached the target.  Even when firing at  a
stationary target it is seldom that every pellet can be
counted, and the number of pellets lost was never greater
than would be expected when plating a gun in the
ordinary way, and so cannot in any case be due to the
stringing of the shot.

Yet although there was no pronounced tailing, and
only a shght elongation of the patterns, there was one
difference between the actual patterns obtained on the
moving and stationary targets which was both marked
and persistent; and that was the reduced density of the
moving target compared to that of the stationary one.
The  number  of  pellets  in  the  30-inch  circle  was  un-
questionably reduced by the movement of the target.
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It  might  be  that  single  shots  would  not  show  this  re-
duction as much as others ; but patterns will always
vary slightly from round to round, and in every case
when the average of each series was taken the number of
pellets in the 30-inch circle was noticeably less in the
case of the moving target than it was on the stationary
one.

This reduction of density was naturally more pro-
nounced at 40 m.p.h. than at 30 m.p.h., but it existed
at the lower speed none the less, and was really the
natural outcome of the elongations already mentioned,
slight though they were. In the case of the moving
patterns the same number of pellets was distributed over
a slightly larger area, and so the concentration in any
given area was reduced.

There was, however, another interesting fact which
gradually became evident as the experiments were
continued ; and that was that the loss in density due to
the movement of the target was considerably more
pronounced with improved-cylinder barrels than with
the choke barrels, irrespective of the degree of choke.

These results can best be realised with the help of
the following Table. It should be remembered that
the numbers given for the various patterns are averages
of series of shots in every instance. In some cases the
series consisted of seven or eight shots, but in the majority
five shots constituted a series. In every case except
that of the pigeon gun the gun was an ordinary 12-bore
2| -̂inch game gun, and the cartridges were loaded with
the standard load as has already been mentioned, except
in the two instances specified. No. 6 shot was used
throughout.

It will be noticed that No. i barrel (improved cylinder)
was fired twice with somewhat different results. The
first results obtained at a speed of 30 m.p.h. were obtained
on the first day of firing. On the second day this barrel
was used for the 40 m.p.h. test. A very regular series
of eight shots was obtained at this speed which gave
a mean pattern of 127, which was slightly more dense
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than the mean pattern (123) which had previously been
obtained at 30 m.p.h. This was so contradictory that
completely new series were immediately fired at the
stationary plate and the target moving at speeds of
20 and 30 m.p.h. These fresh results gave average

T A B L E  X X

P a t t e r n s o b t a i n e d o n  T a r g e t s m o v i n g a t 30 a n d 40 M .P .H .

Pellets  in  30-in.  Circle  at  40  Yds.

Target moving

Barrel.
Target

Station-
ary.

30 M.P.H. 40 M.P.H.

Pattern.
Percen-

tage
Loss in
Density.

Pattern.
Percen-

tage
Loss in
Density.

Improved Cylinder
No. I ........................ 153 123 19-6 — —

„ 2 ........................ 157 124 21-0 -- - —

3 ........................ 148 122 17-6 — —

„  I (repeat) .  .  . 163 142 I2'9 127 22-0
4 ........................ 158 I3I I7-I — —

Choke
No. 5 ........................ 214 208 2*8 I91 1075

„  6 ( i oz.) .  .  . 142 138 2-8 — —
„ 7 (I oz.) .  .  . 158 155 1-9 146 7-6
>. 7 ............................ 198 184 7-0 —

„ 8 ........................ 181 174 3-9 — —
„ 9 (2| m., oz.) . 229 219 4-3 — �-- -

.  „  10  (2f m., i | oz.) . 252 244 3-2 �-- - —
„  I I ............................ 182 167 8-2 — ----- -

„ 1 2 ........................ 181 172 47 — —
. , 1 3 ............................ 218 2II 3-2 —

patterns of 163 both on the stationary target and when
it  was moving at  20 m.p.h.  ;  and an average of  142 when
the target was moving at 30 m.p.h. These results fitted
in with the pattern of 127 at 40 m.p.h. But the fact
that a repeat was necessary shows how dangerous it is to
form conclusions on single shots, or even on single series.
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Every gunmaker knows that the same guns will give
slightly different patterns from day to day even when
the same lot of cartridges are used, and there can be
no doubt that barrel No. i was shooting somewhat
closer on the second day than on the first.

Turning to the choke barrels, it should be noted
that Nos. 6 and 7 were the right and left barrels of an
ordinary 12-bore game gun which had been regulated
for one ounce of shot and was invariably used in the
field with this charge. When firing an ounce these
barrels behaved in a manner similar to the rest of the
choke barrels, but No. 7 barrel undoubtedly behaved
abnormally with i-^ ounce of shot. A pattern of 158
from an ounce should correspond to one of 169 from

ounce, yet with the heavier charge the pattern was
198, which approaches that of a full choke. It would
accordingly  seem  that  little  reliance  should  be  placed
on the results given by this barrel with i-^ ounce as far
as the formation of conclusions as to the behaviour of
choke bores is concerned.

It  should be noticed that  both the elongation of,  and
the loss of density in, the pattern was increased the
faster the target moved in comparison to the shot.
That this should be the case is, after all, obvious. But
since the car was not capable of maintaining a higher
speed than 40 m.p.h. with any regularity, the only
practical method of increasing the speed of the car in
comparison to that of the shot was to reduce the velocity
of the shot. It will be realised that the elongation due
to the target’s motion will vary with the velocity of the
shot column at the moment of impact so long as the
speed of the target is constant. That is, the governing
factor is the striking velocity of the shot charge for the
range at which the shot is taken, and this becomes lest
as the range is increased. A t 40 yards the striking
velocity  of  what  can  be  termed  a  standard  charge  of
No. 6 shot is 623 f.s., and at 50 yards the striking velociys
is 518 f.s.

So when the target was moving at 30 m.p.h. the
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shot charge was travelling just about fourteen times as
fast as the target at the moment of impact. And when
the target was travelling at 40 m.p.h. the velocity of the
shot charge was roughly eleven times that of the target
at the moment of impact. But if the range were in-
creased to 50 yards the striking velocity of the shot
would become only nine times that of the target when
the  latter  was  moving  at  40  m.p.h.

It was accordingly determined to try a series at
50  yards  and  40  m.p.h.  Various  barrels  were  first
plated on the stationary target, but it was found that
only a full choke could be relied upon to give a suffi-
ciently close pattern. In the case of improved-cylinder
barrels the total spread was more than 6 feet in diameter,
and since the target was but 6 feet high, no tailing of
the shot charge would be visible, as it would be impossible
to tell how much of the shot charge had missed the target
altogether above and below.

The following Table gives the average results of series
of seven shots at 50 yards, one series being that obtained
when the target was stationary and the other when it
was  moving  at  40  m.p.h.

T A B L E  X X I

Pa t t e r n s o bt a in e d a t  50  Y a r d s o n  T a r g e t mo v in g a t 40 M.P.H.

Barrel.

Pellets in 30-in. Circle.

Target
stationary.

Target  moving  40  M.P.H.

Pattern.
Percentage

Loss in
Density.

Elongation of
Main Pattern
due to Move-

ment of Target.

No.  5 132 123 6-8 7 in.

Here again we find a comparatively slight elongation
of the main pattern due to the movement of the target.
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but quite an appreciable loss in density, although this
loss is perhaps not as great as might have been expected.

As has already been stated, a very considerable
number of photographs were taken of the patterns ;
but since all these photographs really tell the same
story I have selected a few typical examples which are
shown in Figs. 16 to 23 so that readers may see for
themselves exactly what changes are produced in patterns
owing to the target moving at 30 and 40 m.p.h.

It wiU be seen that apart from a certain loss in density
there is very little difference between those made on
stationary and moving plates, and these experiments
certainly proved that the method which has been in
universal usage for so long, that of assessing a gun’s
capabilities by plating it on a fixed pattern plate, is
in actual fact a very excellent one. The general char-
acteristics of the pattern are not in any way changed
by the movement of the target. A gun which gives
close patterns on the fixed plate will not throw open
spaces through which a bird can escape when flying
across the line of fire ; nor can a gun which gives patchy
and irregular patterns produce any better results on a
moving object. In fact, the pattern plate was vindicated
and the ghost of the evil effects of stringing was laid.

A N A LYSIS O F T H E R ESULTS

If Table X X is studied it will be noticed that both
the improved cylinder and the choke barrels gave re-
sults at 30 m.p.h., which were on the whole remarkably
consistent. The difference between the two types of
boring is that the improved cylinders gave a decidedly
greater loss in density of pattern than did any of the
chokes.  The  greatest  loss  in  density  yielded  by  an
improved cylinder was 21 per cent., while the lowest
was 12-9 per cent., and, as has already been explained,
the barrel which gave this last result showed a loss of
19*6 per cent, under identical conditions on the previous
day.  Accordingly,  if  we  take  the  average  of  these  losses
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12-b o r e i m p r o v e d c y l i n d e r a t  40  Y A RD S

Load : 33 grains Smokeless Diamond and i -jg ounce No. 6 shot.

Pellets in 30-in. circle : 152.

F ig . 17.— Target moving from left to right at 30 m.p.h.

Pellets in 30-in. circle : 141.
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it will not be unreasonable to suppose that the figure
obtained denotes the probable average loss in density
which is likely to occur in the case of any improved-
cylinder gun when fired at a target crossing at 30 m.p.h.
at 40 yards. This average works out at 17-6.

In the case of the choke barrels the results are wonder-
fully consistent, with two exceptions. In the first of
these (Barrel No. 7 with ounce of shot) the results,

12-b o r e i m p r o v e d c y l i n d e r a t  40  Y A R D S

Load : 33 grains Smokeless Diamond and ounce No. 6 shot.

F ig . 18.— Target moving from left to right at 40 m.p.h.
Pellets in 30-in. circle : 130.

as has already been pointed out, were quite abnormal
and as such had better be disregarded. I am also in-
clined to the view that Barrel No. i i was behaving in
an abnormal manner too, and think that on the whole
a more accurate indication as to the average behaviour
of choke barrels is likely to be obtained if these two
series are disregarded when taking the mean. If this
is done the average loss in density of pattern due to a
target movement of 30 m.p.h. at 40 yards works out

3’35 per cent, for choke barrels. And even if the two
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12-b o r e f u l l c h o k e a t  40  Y A RD S

Load : 33 grains Smokeless Diamond and ounce No. 6 shot.

Pellets in 30-in. circle : 206.
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seemingly abnormal results are included the average loss
is only 4-2 per cent.

On considering the results obtained at 40 m.p.h., it
will  at  once  be  realised  that  the  data  are  insufficient
to make it possible to reach any very definite conclu-
sions. Nevertheless it is instructive to set to work with
what data there are. It will be noticed that Barrel
No.  5  gave  a  loss  of  density  of  2-8  per  cent,  at  30  m.p.h.

12-b o r e f u l l c h o k e a t  40  Y A R D S

Load : 33 grains Smokeless Diamond and ounce No. 6 shot.

Pellets in 30-in. circle : 197.

and a loss of 1075 per cent, at 40 m.p.h., while Barrel
No. 7 gave losses of i -g  and 7-6 per cent, at the same
speeds. Now 7-6 bears almost the identical relation to
i-g as 1075 does to 2-8, and so it would seem possible
that the average loss in density due to a target move-
ment of 30 m.p.h. bears a similar relation to the average
loss at 40 m.p.h. Working on this assumption, it will
be found that the average loss in density of pattern in
the case of choke bores due to a target movement of
40  m.p.h.  at  40  yards  is  13  per  cent.
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Similarly, if we assume that in the case of improved
cyhnders  the  average  loss  in  density  at  40  m.p.h.  bears
the  same  relation  to  the  average  loss  at  30  m.p.h.  as
22 bears to 12*9 (the results which were actually obtained
with Barrel No. i), we find that the average percentage
loss at the higher speed is 30. .«

For the sake of convenience these results are given
in round numbers in the following Table.

T A B L E  X X II

Pe r c e n t a g e  L o s s in  De n s i t y o f  Pa t t e r n d u e t o  Mo v e me n t
OF THE Ta r g e t a t  R ig h t  A n g l e s t o t h e  L in e o f  F i r e a t
40  Y a r d s

Percentage Loss in Density.

Type of Boring.
30 Yards. 40 Yards.

Improved Cylinder....................... 17 30
Choke ........................................ 4 13

At  50  yards  the  data  are  altogether  too  meagre  to
permit any attempt to form any definite conclusions.
In the single series obtained the percentage loss in density
was actually less than that obtained at 40 yards with the
same barrel, but on a different day. The 50 yards results
do prove, however, beyond any shadow of doubt that
there is no real tailing even when the velocity of the shot
charge is only nine times that of the crossing target.

Another fact which can be deduced in an approximate
manner is the actual length of the main bulk of the shot
column in the air at a range of 40 yards. This can be
obtained by multiplying the elongation of the pattern
by the number of times the velocity of the shot charge
exceeds that of the target at the moment of impact, and
the 40 m.p.h. results give a check on those obtained at
30 m.p.h. From the elongations recorded in these experi-
ments it would seem that in the case of choke bores the
main bulk of the shot charge has a length of about 4 feet
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12-b o r e f u l l c h o k e a t  50  Y A R D S

L oa d :  33  grains  Smokeless  Diamond  and  1^  ounce  No.  6  shot.
re£7  I  a  ^  6 7 a

F ig . 23.— Target moving from left to right at 40 m.p.h.

Pellets in 30-in. circle: 117.
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6 inches at 40 yards, while with improved cylinders the
length is about 5 feet 6 inches at the same range.

With chokes the length will have increased to about
5 feet 3 inches at 50 yards.

These results are naturally somewhat rough, but they
fit  in  very  well  with  those  given  in  Table  XV,  and  so  it
will be realised that these experiments, together with
those of Mr. Griffith and Mr. Quayle, are each confirmatory
of the other.

P R A CT IC A L E F F EC T S IN T H E SH O OTIN G F IE L D

A study of the foregoing analysis should convince the
reader that for aU practical purposes of sport the effect of
stringing can be of little moment under ordinary condi-
tions, although there may be occasions when the loss in
density of the pattern may make just the difference
between killing and wounding a bird. Such losses are,
however, only liable to occur at a range of about 40 yards
when using an improved cylinder gun. With a choke the
loss should not be sufficient to make any material differ-
ence, except in the case of shots approaching 50 yards. In
normal sport shots at even 40 yards are the exception
rather than the rule, 35 yards being an average long shot,
and at this range the pattern is sufficiently dense even
with an improved cylinder to be able to afford a certain
thinning out without loss in killing effect.

There is, however, another aspect of the case, namely
that game birds frequently fly at considerably greater
speeds than 40 m.p.h. and that the greater the speed of
the crossing target the greater must be the loss in density
of the pattern owing to elongation. Probably the best
way of considering this question is to translate the speed
of the bird and that of the shot charge into one common
unit. I have already pointed out that at a range of 40
yards the velocity of the shot is about eleven times that
of a target crossing at 40 m.p.h. If this method of com-
parison is amplified it will be possible to see at a glance
the correct value of the shot velocity in relation to that
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of the target for different target speeds and at varying
ranges. This has been done in the following Table. I
have given the values in round numbers, and they can
be taken as being sufficiently correct for all velocities
normally developed in sporting cartridges, as at long
ranges the variation in striking velocities is small com-
pared to that in initial velocities, and it is only at long
ranges that stringing can have any practical effect.

T A B L E X X III

R e l a t i v e  V e l o c i t i e s o f t h e  S h o t  C h a r g e a t  D i f f e r e n t  R a n g e s

W H E N  T H E  S p e e d o f t h e  B i r d h a s a  V a l u e o f  U n i t y

Speed of Bird
a t  r ig h t angles
to  L in e of F ire

in m.p.h.

R e la tiv e  V e lo c it y  of  S h o t  Ch a rge.

20  Y d s . 25  Y d s. 30  Y d s . 35  Y d s . 40  Y d s . 45 Yds. 50  Y d s .

30 20 18 17 15-5 14 13 1 2

40 15 13-5 13 12 II 1 0 9
50 12 II 1 0 9 8-5 8 7
60 1 0 9 8-5 7-8 7 6-5 6

From this Table it will be seen, for example, that
in the case  of  a  bird crossing at  50 m.p.h.  at  30 yards  the
shot has a speed ten times as great as that of the bird.
It has already been proved in the 50 5̂ ards series that there
is  no  appreciable  loss  from  stringing  when  the  shot  is
travelling nine times as fast as the target, and conse-
quently  it  is  quite  safe  to  assume  that  a  bird  crossing  at
30 yards will have little chance of escape owing to loss in
density of the pattern, especially as the patterns of all
guns have ample density in hand at 30 yards and the shot
column is not so long at this range, which means that the
effects of stringing would be relatively less.

In  the  extreme  case  of  a  bird  crossing  at  50  yards  at
60 m.p.h. the shot is only traveUing six times as fast as the
bird, and consequently the loss in density due to the
elongation of the pattern would be more pronounced,
and it is probable that at this range and speed the bird



EFFECT OF STRINGING ON PATTERN 157

would escape in a pattern which would in any case be
very open. But this is, as I have stated, an extreme case,
for  birds  can  seldom  attain  an  actual  ground  speed  of  60
m.p.h., and 50 yards is almost the hmit of range of an
ordinary 12-bore. At 40 yards the result would be doubt-
ful, but at 35 yards the pattern should be sufficiently
dense to ensure a kiU, for the increased density of pattern
due to a decrease in range must not be forgotten.

And there is another aspect of the matter which is in
favour of the gun, namely, that a shot is comparatively
seldom taken at a bird crossing exactly at right angles to
the line  of  fire.  In  the great  majority  of  shots  the direc-
tion of  flight  of  the  bird makes a  very  decided angle  with
the line of fire. Even in the case of overhead pheasants it
is very seldom that a shot is taken with the gun absolutely

F i g . 24.— D ia gra m  to  sh ow  how  th e  d irectio n  o f  a  b ir d ’s  fligh t  a fiec ts  th e  speed
w ith  w h ich  i t  cro sses  th e  lin e  o f  fire.

vertical, and an angle of about 30 degrees with the vertical
is a far more common position for the gun barrels.

If the bird were flying in direct prolongation of the
line of fire it would receive exactly the same pattern as
that indicated on a fixed plate, no matter whether it were
flying at 60 or 20 m.p.h. The loss in density due to string-
ing only  occurs  when the target  is  moving across  the line
of fire, and if the target moves diagonally across the effect
of stringing is reduced. This will readily be seen from
the accompanying diagram in Fig. 24.

In this diagram AB represents the actual direction and
speed of the bird, but relative to the line of fire the speed
is only AC, which is considerably less.
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The following Table gives the relative speeds at right
angles to the hne of fire for varying actual speeds.

T A B L E  X X I V

R e l a t i v e  S p e e d o f  B i r d a t r i g h t a n g l e s t o t h e  L i n e o f  F i r e

FOR d i f f e r e n t  A n g l e s m a d e b y t h e  D i r e c t i o n o f t h e  B i r d ’ s

F l i g h t w i t h t h e  L i n e o f  F i r e

Relative Speed of Bird for different Angles of Flight.
Actual Speed

of Bird.
90° 75° 60° 45° 30° 15° 0°

60 60 58 52 42 30 16 0
50 50 48 43 35 25 13 0
40 40 39 35 28 20 10 0

From this Table it will  be seen how greatly the actual
speed of a bird is reduced in the case of driven birds fl5ring
towards the guns as far as the crossing speed is concerned,
and it is this crossing speed alone which has any influence
towards the elongation of the pattern and consequent
loss in density. With the help of Tables X X III and
X X IV readers can determine for themselves exactly
what risk there is in regard to a loss of pattern density for
different types of shots.

In this connection it should be remembered that the
actual length of the shot column in the air is less at 30
yards than at 40, and stiU less at 25 and 20 yards. So it
will be realised that stringing can have no practical effect
on the pattern at aU in the case of shots up to 30 yards,
and even at the longer ranges only when birds fly at
extreme speeds at right angles to the line of fire.

But it is at long ranges that the question of the mini-
mum  density  of  patterns  comes  in,  and  it  was  for  this
reason that I added on 10 per cent, to the theoretical
minimum patterns in order to allow for the effects of
stringing, as was explained on page 95. In view of the
fact that even a choke has been seen to lose on the average
13 per cent, in pattern density at 40 yards on a 40-miles-
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an-hour target, this addition of 10 per cent, may seem too
small. But we must make allowances for average con-
ditions, and in the great majority of shots the bird is not
crossing exactly at right angles, and its speed will not
often exceed 40 m.p.h. by very much. So I do not think
an addition of 10 per cent, is too little for the average
type of shot that is taken at extreme range.

T H E P R E V EN T IO N O F STR IN G IN G

It will have been appreciated that the principal cause
of stringing is the deformation which the pellets of a shot
charge suffer during their journey from the cartridge-
case to the muzzle of the gun. A certain amount of
deformation is inevitable, and consequently it is impos-
lible to prevent stringing. I only mention this point
because the most extravagant claims are sometimes made
that a particular brand of cartridges has a much shorter
shot  string  than  others.  I  have  explained  in  Volume  II
the impossibility of preventing pellet deformation by
giving the peUets a thin coating of copper, in itself a soft
metal, and will not refer to it again.

The best way to tackle the problem of stringing is to
use shot which has been most carefully graded both for
the shape and weight of the individual pellets. In fact
it can be taken as almost axiomatic that cartridges which
give equally good patterns will give no appreciably
different results in stringing.

But above aU it must be remembered that the evil
effects  of  stringing  are  in  reality  very  slight,  and  are
simply non-existent in the case of the great majority of
ordinary shots at normal sporting ranges. These effects
are purposely exaggerated by interested parties, who hope
to persuade the sportsman to buy their particular wares,
which are stated to cure an evil which does not reaUy
exist as far as ordinary practical sporting conditions are
concerned. And in any case the methods by which the
cure is affected are usually so patently absurd that they
are not worthy of serious consideration.
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LOADS

WE have now reached that stage in our investi-
gation of our subject when we must come
down to practical details and actual weights

of charges of powders and shot. Our consideration of the
four Ballistic Elements of a shotgun— Pressure, Velocity,
Recoil and Pattern— ĥas been completed, and it only
remains to see how best we can utilise the knowledge which
we have gained so as to derive the maximum benefit in the
shooting field. To do this we must take at least one
cartridge as a concrete example, and for this purpose I am
selecting the ordinary standard 12-bore 2|-inch cartridge,
partly because it is by far and away the one in commonest
use  by  British  sportsmen,  at  aU  events;  and  partly
because it happens to be of a size convenient for the
accommodation of a considerable variety of different
combinations of powder and shot. Therefore any lessons
which may be learned by a detailed study of this cartridge
and its loads can be applied to other sizes and lengths of
cartridges, when corresponding effects will be obtained.

When we speak of a “ Load ” for a shotgun we
really mean the combination of powder and shot which is
loaded into the cartridge-case, together with the suitable
wadding. In actual practice, however, the wadding is
not generally included in a description of a load, because
it is assumed that the quality of the wadding will be of
the necessary standard, and the thickness of the felt wad
such that the correct amount of case is left above the over-
shot wad for the making of an effective turnover. I will
accordingly follow this general custom and confine my-
self solely to the different weights of both powder and shot
charges which can be combined together in the 12-bore
2j-inch case.

But before dealing with actual weights of charges it
160
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may be advisable to consider why variations in these
weights are made, and why finality has not apparently
been obtained after three-quarters of a century of experi-
ence and experimenting with the breech-loader.

It can be stated quite definitely that there are two
entirely different objects in view-: the first of these is
Range ; and the second Forward Allowance on a rapidly
moving target. Both these questions are vital to all who
use shotguns and every variation in the loads used has
been made with the purpose of increasing Range, or re-
ducing Forward Allowance, or both. Since, however, it
can become confusing to mix up these two purposes to-
gether when considering what load, or loads, give the best
results, I propose to take them in turn. It should then be
possible to decide which load offers the greatest advan-
tages and the least disadvantages.

R A N G E

Let us take the question of increased range first. It
does  seem  ridiculous  that  with  aU  the  modern  improve-
ments in guns, cartridges and powders we cannot kill our
birds at any appreciably greater range than could Colonel
Peter Hawker who was wounded in the Peninsular War !
And this in spite of the fact that the effective sporting
range in the case of rifles has certainly been quadrupled
in the past sixty years, while the effective military range
of small arms has been increased by an even greater
extent. These increases in the effective ranges of rifles
are due to two causes ; first, the enhanced velocities
developed by modern arms ; and secondly, improvements
in bullet design which enable the buUets to retain better
the enhanced initial velocities. The second cause is
admittedly of more importance in long military ranges
than in the comparatively near sporting distances : but
it enters even into the improvements brought about in the
ranging power of sporting rifles. This is a fact which is
usually ignored completely both by the average sports-
man and the average gunmaker, and both attribute the
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increase in sporting ranges given by modern rifles entirely
to the great increases in muzzle velocity.

It is, however, perfectly true that these increases in
muzzle velocity are very largely responsible for the great
improvements in the ranging power of sporting rifles, and
so it is not surprising to find that an increase in the
velocity of the shot charge has been almost universally
regarded as the first step in the direction of an increased
range.  But  it  has  also  generally,  although  not  quite  so
universally, been remembered that although birds can-
not  be  killed  with  certainty  when  much  more  than  40
yards away, shot pellets will carry several times that
distance, and so the mere fact of obtaining an increased
actual range may not necessarily mean an increased
effective range. Further reflection, however, has usually
been more reassuring, for it has shown that although
our shot pellets may travel four, or even five, times 40
yards they are not moving with sufficient velocity when
much beyond 40 yards to be able to penetrate the feathers
and flesh of a comparatively tough and heavy bird and
so  reach  some  vital  organ,  or  else  to  break  some  big
bone. So an increased muzzle velocity has become to be
regarded as the panacea for shotguns which it has proved
to  be  for  rifles,  especially  since  it  is  obvious  that  such  an
increase will mean an increase in striking velocity at, and
beyond, 40 yards, which in turn will mean an increased
power of penetration at longer ranges; and this is only
another way of describing an increase in effective range.

So far so good : but here the analogy between rifle and
shotgun breaks down. The former fires a single buUet,
but the latter a charge of shot consisting of a large number
of  individual  pellets,  and  it  has  already  been  seen  that
certain minimum patterns are essential in order to make
reasonably certain of a kiU. If the density of the pattern
falls below the necessary minimum, penetration is useless,
as a kill would then be a matter of mere chance.

Consequently it should be realised that at long sporting
ranges inability to kill can be due not so much to lack of
penetration on the part of individual pellets as to the



An o l d  1 2 -b o r e  G u n , w h i c h h a d n o t b e e n n i t r o p r o v e d , w h i c h w a s b u r s t b y a n e x c e s s i v e p r e s s u r e c a u s e d
B Y f i r i n g a 2 |-INCH CARTRIDGE IN A 2 J-INCH CHAMBER

It will be noticed that the actual burst occurred along the chamber where the maximum pressure was generated
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failure of any pellet to hit some vital spot because the
density of the pattern has dropped below the necessary
minimum.

Theoretically the ideal load would be one in which the
necessary amounts of penetration and pattern faded out
together, since one is useless without the other. In
actual practice, however, such a load would cause a large
proportion of wounded birds, since those fired at just
beyond the effective range might very easily be hit by an
odd pellet or two, but would not be killed because these
pellets would lack penetration. Again the ballistics of
cartridges  will  always  vary  slightly  from round to  round,
and a “ soft ” cartridge would help the pattern at long
range while the penetration would drop below the neces-
sary minimum. This, too, would mean wounded birds.
Accordingly it should be regarded as essential for pene-
tration to last further than pattern, and probably the ideal
practical combination would occur when penetration
faded away at about 5 yards farther than pattern. This
would allow for a reserve of power in the case of variations
in velocity, or shots taken at just beyond the range limit
for pattern.

Let us now turn to some concrete examples.
The load for a 2-|-inch 12-bore cartridge is 33 grains

of 3- 33"grain powder and ounce of shot. This
combination results in an observed velocity over 20 yards
of about 1,050 f.s. With No. 6 shot the limit of range
must depend on the type and size of bird and the boring
of the gun. In the case of birds such as partridges, grouse
and wood-pigeon, the minimum necessary pattern is 130
(see page 96), and with an improved-cylinder gun the
pattern will drop below this figure a little way beyond
40 yards. But the penetration of individual pellets is
certainly ample— at any rate for grouse and partridges—
at 50 yards, consequently it can be of little help trying to
increase the effective range by improving penetration
alone, as this is already sufficient, and without paying any
attention to pattern. For it must be remembered that
there is no practical advantage whatever in having more
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than sufficient penetration. If a shot pellet reaches the
brain, heart or other vital organ of a bird it kills that bird
just as cleanly as if it went right through that same organ
and out of the bird the other side. Once a vital organ is
penetrated aU additional penetration is wasted. It may
be argued that a bird is crumpled up and killed much more
cleanly and with greater certainty at short ranges than at
long. But this is not so much because the mdividual
pellets have less penetration at long range as because the
pattern has become much more scattered, with the result
that at long range the bird may be struck by one or two
pellets only where at some shorter range it will be struck
by a dozen ; and the more pellets which strike a bird the
greater the odds in favour of one of them hitting some
immediately vital organ. Every shooter can recall many
instances of birds being killed stone dead at long ranges
just as cleanly as at shorter distances, and in such cases
it will always be found that fortune has favoured the
shooter and a single pellet has struck a vital part.

Certain birds, however, are admittedly much tougher
than others, and some of my readers may not agree with
me when I state that a standard pellet of No. 6 has
sufficient penetration at 50 yards. Further, there is a
widespread feeling that the increased " shock ” caused by
a higher striking energy is a potent factor in killing cleanly,
or at any rate rendering a bird incapable of movement
even if a vital organ is not struck.

So it is not surprising that an increase in penetration
at long range has been desired, nor that this end has been
sought by the adoption of a “ High-Velocity ” load.

T H E  H IG H -V ELO CITY  LO AD

In Volume II it was shown that the highest observed
velocity over 20 yards which was obtainable in actual
practice in a 12-bore 2j-inch gun was about 1,150 f.s.,
and that this velocity necessitated the reduction of the
shot charge to i oimce, the powder charge usually being
36 grains of a 33-grain powder.
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This means an increase of about 10 per cent, over the

standard observed velocity ; but, as has already been ex-
plained fully in Volume II, an increase of 10 per cent, in
the observed velocity does not mean an5d;hing approach-
ing a corresponding increase in striking velocity at long
range as so many gunmakers and shooters seem to think.

At 40 yards the standard load with No. 6 shot gives a
striking velocity per pellet of 623 f.s .; and at the same
range and with the same size of shot the high-velocity load
gives  a  striking  velocity  of  664  f.s.  At  45  yards  these
striking velocities have dropped respectively to 569 and
609 f.s .; and at 50 yards to 518 and 555 f.s. From these
figures, and from a study of Tables X and X II in Volume
II, it will be seen that at long ranges the striking velocities
of the high-velocity load are just about 3 yards better than
those of the standard load. That is, the striking velocities
of the two loads are as nearly as possible equal at 40 and
43  yards;  at  45  and  48  yards  ;  and  at  50  and  53  yards.
And if the striking velocities are the same the striking
energies are the same, since No. 6 shot is being used in
each case ; and it is the striking energy of a pellet which
governs its powers of penetration.

So we can come to the conclusion that as far as
penetration is concerned the high-velocity load has
added 3 yards to the effective range.

But what about the other essential factor, pattern ?
The shot charge of the standard load is iiV, and that

of the high-velocity load but i ounce. Since No. 6 shot
is being considered in both cases, this reduction in the
weight of the charge must mean a loss in pattern density,
which at first sight might appear to cancel any advantages
in the matter of range derived from increased penetration.
But in actual practice this does not occur because the high-
velocity load must, on account of its high velocity, always
be used in a heavily choked gun. As was explained in
Chapter II, cartridges developing an observed velocity
of about 1,150 f.s. need a half choke at the very least,
while a full choke is necessary if the proper pattern per-
centage is to be obtained. With a half choke the pattern
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given by a high-velocity load of i ounce is approximately
the same as that given by an improved cylinder and
oimce; and the three-quarter choke gives a similar
pattern with the high-velocity load as the quarter choke
does with the standard. It is only when the full choke is
used that the proper pattern density of 70 per cent, of the
whole charge can be expected in the case of a high-velocity
load.

In  the  case  of  guns  with  more  open  boring  than  half
choke the patterns given by high-velocity loads may be
so blown and irregular as to be useless for long-range work.

The fact that a heavy choke is an essential adjunct
to a high-velocity load counteracts the loss in density due
to the reduction in the weight of the shot charge ; but
at the same time it constitutes a very real disadvantage,
for such closely bored guns cannot be regarded as being
suitable for all-round shooting.

And there is another disadvantage which is insepar-
able from the high-velocity load, namely recoil. The
increase in 10 per cent, over the standard observed
velocity means a considerably bigger percentage increase
in muzzle velocity which means a corresponding increase
in recoil. The total increase in recoil is reduced by the
lighter shot charge ; but even so the high-velocity load as
specified causes an increase in recoil of just about i i per
cent, over that developed by the standard load. And
such an increase is more tham many shooters can stand
with comfort, especially when using very light guns.

In order to overcome this disadvantage the shot charge
is sometimes reduced to H of an ounce. Such a reduc-
tion brings the recoil back to normal but at the same time
causes such a reduction in pattern density that an
absolutely full choke becomes essential. With a view to
maintaining density of pattern when using this very light
shot charge of ounce. No. or No. 7 is sometimes
substituted for No. 6. These smaller sizes certainly help
pattern, but their adoption completely nullifies any im-
provement in penetration at long range owing to the feeble
capacity of the smaller pellets for retaining their original
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velocity. In the case of the high-velocity load and No-
61  the striking energies at 40, 45 and 50 yards are practic-
ally identical with those of the standard load and No. 6
at these ranges, as can be seen from Tables XX X VI and
X XX VIII in Volume II, while the striking energies of the
high-velocity load and No. 7 are actually less at these
distances than those of the standard load and No. 6.
So it will be seen that if we do not want to bind ourselves
to the use of absolutely full choke guns we must put up
with the I I per cent, increase in recoil in order to gain an
increase in range of 3 yards by adopting the high-velocity
load.

Incidentally this proves that it is quite useless to
expect smaller sizes of shot than No. 6 to be effective at
extreme ranges, even though their use increases the
density of pattern. For it is always better in every way
to use a load in which pattern dies out before penetration.

We can now sum up the advantages and disadvantages
of the high-velocity loads so far as we have gone, and the
most convenient way to do so is to see them placed in
juxtaposition, thus :

A d v a n t a g e s  D i s a d v a n t a g e s

High-Velocity Load of 1 ounce o f N o. 6.
Increase in effective range of (i) Necessity for half choke gun.

about 3 yards. (2) Increase in recoil o f i i per cent.

High-Velocity Load of  H ounce o f N o. 6.
Increase in effective range of Necessity for full choke gun.

about 3 yards.

T H E  LO W -V E LO C ITY  LO A D

I pointed out earlier in this chapter that the effective
range of rifles had been lengthened only partly by in-
creased muzzle velocities, and partly by improvements in
buUet design which enabled them to retain their initia-
velocities better at long distances. In Volume II 1 ex-
plained that with shotguns there was no scope for improve-
ments in the design of the projectile because it was made
up of a number of pellets, but that an increase in the
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weights of the individual pellets had a similar effect to an
improvement in design, as heavier pellets retained their
initial velocity better at long ranges than lighter ones.
It win be seen from Table X in Volume II that if charges
of No. 4 and No. 6 are both propelled with standard
velocities the striking velocity at 50 yards of the pellets
of No. 4 is 577 f.s., while that of the pellets of No. 6 is but
518 f.s. That is, the pellets of No. 4 have roughly 60 f.s.
more velocity at 50 yards than those of No. 6, although
the observed velocity over 20 yards was the same in each
case. Consequently the pellets of No. 4 will travel some
distance farther before their velocity is the same as those
of No. 6 at 50 yards, which means that No. 4 shot gives an
increase in range over No. 6 as far as penetration is
concerned.

And even when the velocity of a pellet of No. 4 has
been reduced to the same as that of one of No. 6 at 50
yards the actual penetrative power of the larger pellet
win be greater than that of the smaller, because penetra-
tion, as was explained in Volume II, is dependent on the
energy of the pellet, which in its turn is dependent on the
pellet’s weight as well as on its velocity. Thus the change
from  No.  6  to  No.  4  will  be  seen  to  open  out  promising
possibilities of an increase in range provided penetration
only is considered.

But penetration by itself is useless unless some vital
spot is struck, and the change from No. 6 to No. 4 means
a reduction in the total number of pellets in the charge,
which in its turn means a reduction in the density of the
pattern at long ranges, which again means a reduction in
the chances of hitting a vital spot; and so the increase in
the effective range is nullified by the opening out of the
pattern. For when experimenting with different types
of  loads for  shotguns it  must  never  be  forgotten that  it  is
useless to increase penetration without maintaining the
pattern at the minimum density necessary for the partic-
ular variety of game for which a load is intended.

Accordingly, if we are to continue with No. 4 shot we
must maintain the density of pattern by increasing the
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number of pellets in the charge, or in other words the
weight  of  the  charge.  But  if  we  do  this  both  recoil  and
pressure will be increased too much, and so it would
seem  that  there  is  no  way  out  of  the  difficulty.  But  is
this  so  ?  Surely  would  it  not  be  possible  to  propel  an
abnormally heavy charge of No.^ 4 at such a reduced
initial velocity that neither recoU nor pressure are unduly
affected, while penetration is maintained at long range ?

This question is the key to the problem. Large shot
retains its velocity so much better than small that it can
afford to give the latter a big start in velocity at the
muzzle, but at 50 yards the actual remaining velocities
will be the same in each case. For example, the stan-
dard load gives an observed velocity over 20 yards of
about 1,050 f.s. which means in the case of No. 6 shot a
muzzle velocity of about 1,270 f.s., and a remaining
velocity of the pellets at 50 yards of 518 f.s. If, however,
a charge of No. 4 shot is propelled with a muzzle velocity
of about 1,050 f.s., the observed velocity over the first 20
yards wiU be about 950 f.s. and the remaining velocity at
50 yards will be 521 f.s.

That is.  No. 4 shot can be propelled from the muzzle
with 220 f.s. less velocity than No. 6, and yet at 50 yards
the remaining velocities of the two sizes will be the same ;
and since a peUet of No. 4 is nearly half as heavy again as
one of No. 6, the penetration of a pellet of No. 4 will be
nearly half as great again as that of a pellet of No. 6
at 50 yards.

It is obvious that if we are content with an appreciably
lower muzzle velocity less force is required to push off
a heavy charge of shot, which means a reduction both in
recoil and pressure. As a matter of fact, both recoil and
pressure are exactly the same as normal when ounces
of  No.  4  are  propelled  with  a  muzzle  velocity  of  about
1,050 f.s., which means an observed velocity over 20 yards
of  950  f.s .;  and  tests  have  proved  that  a  charge  of  30
grains of Smokeless Diamond powder is sufficient to de-
velop this velocity.

So it will be seen that a combination of 30 grains of
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Smokeless Diamond and i j ounces of No. 4 shot actually
results in increased penetration at long range without any
increase in recoil or pressure, while the additional weight
in the shot charge provides a sufficiency of pellets to ensure
a pattern of minimum density for the larger game birds
up to about 47 yards in the case of an improved cylinder,
and 50 yards in a quarter choke.

This combination of powder and shot is the " Low-
Velocity ” load.

The penetration of this low-velocity load is so
definitely superior at long range to that of the standard,
and even the high-velocity, loads that the benefit con-
ferred  by  the  low-velocity  load  would  seem  to  be  so
great that further discussion might almost appear useless,
especially when it is remembered that this enhanced
penetration at long range has been obtained without any
increase in recoil. But there is a disadvantage of this
low-velocity load of No. 4 shot which needs further
analysis.

I have already emphasised again and again the fact
that penetration by itself is useless unless some vital
spot is struck. The greatest penetration of all would be
obtained by firing a single solid ball, which would retain
ample penetrative power up to 500 yards, let alone 50.
The only drawback to this type of projectile would be that
in actual practice a bird would be so seldom hit. If there
were two balls the chances of a hit would be doubled, and
so on ; but as long as the pellets are so far apart that it is
possible for a bird to fly in between them without being
touched, an actual hit must be regarded as a matter of
luck. This brings us back to the necessity for obtaining
the minimum pattern essential for the particular type of
bird pursued, and even with ounces of No. 4 the pattern
will drop below the minimum required long before
penetration  becomes  too  low  except  in  the  case  of  the
larger and tougher birds. So it will be realised that
although we have increased the penetration at long
range by means of the low-velocity load we have reduced
the pattern density, which means that there is no very
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appreciable increase in effective range after all except in
the case of larger birds.

But  in  view  of  the  fact  that  the  principle  of  the  low-
velocity load has given us such a great increase in penetra-
tion, even over the high-velocity load, it would appear
worth while to investigate whether it is not possible to
obtain, by a slight reduction in shot size, a sufficiently
dense pattern combined with high penetration. The
obvious step is to substitute No. 4J shot for No. 4 in our
low-velocity load. The muzzle and observed velocities
would be practically the same as before, being in actual
fact 1,060 f.s. and 950 f.s., while the remaining velocity
at 50 yards would be 506 f.s.  This is very slightly lower
than that of the standard charge, but the greater weight
of each pellet raises their power of penetration to roughly
25 per cent, aboye that of standard pellets of No. 6, v/hich
is a greater increase than that given by the high-velocity
load, while the pattern is well maintained and there is
no increase in recoil.

In order to render easier the task of comparing the
merits of the various loads mentioned, I have tabulated
their respective patterns in different borings, their striking
velocities and striking energies per pellet at 40, 45, 50,
and 55 yards. It must be remembered when studying
this Table that the patterns cannot possibly be anything
but approximate, especially beyond 40 yards. In the
case of the high-velocity load and i ounce of No. 6 I
have only given patterns for guns bored with at least
half choke, as guns more openly bored cannot be relied
upon to give serviceable patterns. And even in the case
of the half and three-quarter chokes I have purposely
given patterns which are rather less dense than the
theoretical standard, as these figures indicate results
which are as good as can possibly be expected.

For the high-velocity load and H ounce of No. 6 I
have only given full choke patterns, as reliable patterns
cannot be expected with this light shot charge in any
guns except full choke.

Table  X X V  will  repay  careful  study  as  it  provides  a



172 THE MODERN SHOTGUN

fund of information as to the extreme ranges possible for
different varieties of game when examined in conjunction
with Table X. For instance, it shows that with a half
choke the standard load alone will give sxafficiently dense
patterns at 45 yards for partridge, grouse and wood-
pigeon. And with this same boring better results are
likely to be obtained on duck at 50 yards by using either
of the low-velocity loads. At 55 yards no pattern is
sufficiently dense to make certain of a partridge : for
duck the best penetration is given by the low-velocity

T A B L E  X X V

C o m p a r i s o n s o f  P a t t e r n s ,  S t r i k i n g  V e l o c i t i e s a n d  S t r i k i n g
E n e r g i e s o f  S t a n d a r d ,  H i g h -, a n d  L o w -V e l o c i t y  L o a d s .

40  Y a r d s  R a n g e

P a t t b r n s .
Striking

L o a d . I m -
proved

Cylinder.
Quarter
Choke.

H aU
Choke.

Three-
quarter
Choke.

FuU
Choke.

Velocity
in

F.S.
in

Ft.-lb.

standard, I  ^ oz.. No. 6
High Velocity, i oz..

145 160 175 187 2 0 0 623 1*40

No.  6  . . . .
High Velocity, oz..

— 145 165 187 664 1-59
No.  6  . . . .

Low Velocity, oz..
““ 175 664 1-59

No.  4  . . . .
Low Velocity, i j oz..

106 117 1 2 8 139 1 4 9 612 2-14

No.  4J  .  . . . 125 138 150 163 175 597 1-73

45  Y a r d s  R a n g e

Pat t er ns
Striking
Velocity

in
F.S.

Striking
Energy

in
Ft.-lb.

Load. Im-
proved

Cylinder.
Quarter
Choke.

Half
Choke.

Three-
quarter
Choke.

Full
Choke.

Standard, i oz., No. 6
High Velocity, i oz..

I I 9 131 143 153 164 569 I ' l 6
No. 6 . . . .

High Velocity, oz..
119 135 153 609 1-33

No. 6 . . . . — — — — 143 609 1-33
Low Velocity, i j oz..

87 96No.  4  . . . .
Low Velocity, oz..

105 114 122 566 1-83

No.  4 i  .  .  .  . 102 113 123 133 143 549 1-74
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load and No. 4 shot, but the pattern with this load is too
open unless a half choke is used : the best combination
of both pattern and penetration is given by the low-
velocity  load  and  No.  4^  shot.

I will carry this analysis no further, merely reminding

50  Y a r d s  R a n g e

P a t t e r n s .
Striking Striking

L o a p . Im-
proved

Cylinder.
Quarter
^olce.

Hall
Choke.

Three-
quarter
cholu.

Full
Choke.

Velocity
in

F.S.

Energy
in

Ft.-lb.

Staadaxd, i ^ oz.. No. 6 97 107 117 125 134 518 0-97
Higb  Vdocity,  i  oz..

No.  6  . . . . _ 97 n o 125 555 I*II
High Velocity, oz..

No. 6 . . . . - . 117 555 Vll
Low Velocity, i j oz..

No.  4  . . . . 71 78 85 93 100 521 t -55
Low Velocity, i j oz..

No. 4i  -  .  .  . 83 9* 100 109 117 506 1-24

55 Y a r d s  R a n g e

P a t t e r n s .
striking Striking

L o a p . Im-
proved

Cylinder.
Quarter
Choke.

Half
Choke.

Three-
quarter
Choke.

FuU
Choke.

Velocity
in

F.S.

Energy
in

Ft.-lb.

Standard, i -it oz.. No. 6 79 88 96 103 n o 469 079
High Velocity, i oz..

No.  6  . . . . _ 79 90 103 504 0'92
High Velocity, # oz..

No.  6  . . . . 96 504 0*92
Low Velocity, i j oz..

No. 4 • . . . . 58 64 70 76 82 481 13 2
Low Velocity, ij- oz..

No.  4 i  .  .  .  . 68 76 82 89 96 464 1-05

the reader that the high-velocity load and i ounce of
shot gives an appreciable increase in recoil and needs at
the very least a half-choke gun, while the high-velocity
load and I f ounce of shot needs an absolutely full-choke
gun.

And before proceeding I will answer now two objec-
tions which I have frequently heard raised with reference
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to the statements made in the preceding paragraph. It
is quite common for some shooters to declare that they use
high-velocity loads and i ounce of shot with perfectly
satisfactory results in improved cyhnder guns and that
they notice no increase in recoil.

Let us first take the question of the results given in
improved cylinder guns.

There are two explanations for this. First, the
majority of driven birds shot, in the south of England
at any rate, ate probably nearer 20 yards than 30, and
seldom much more than 30 yards away. A combination
of gun and load which gives blown and scattered patterns
at 40 yards may quite likely provide a sufficiently good
pattern at 25 or 30 yards to ensure a reasonable chance
of a kill. Since one of the chief obj ects of the high-velocity
load was to increase the effective range, it is quite mis-
leading to judge their efficiency by the results they give
at short ranges.

Secondly, the cartridges used are " high velocity ”
only in name. I can say without exaggeration that since
1920 I have tested thousands of cartridges for readers,
first of the Field and since 1932 of Game and Gun, and it
has been my experience that as often as not cartridges
which are loaded and sold as “ high-velocity ” cartridges
develop velocities which scarcely exceed the standard.
This is true irrespective of the powder charges used, for
it is quite erroneous to assume, as the majority of gun-
makers and shooters generally do, that because a cartridge
contains 36 grains of a 33-grain powder and an ounce of
shot -the velocity developed will necessarily be “ high.”
As I have repeatedly stated before, the tightness of loading
and the strength of the turnover exercise just as much
say in the matter as the weights of the powder and shot
charges ; and loose, or “ soft,” loading lowers the bal-
listics. The cartridges so loaded are perfectly effective
and most satisfactory in every way : but they are not
" high velocity.”

The objection to the heavy recoil attributed to the
high-velocity load can be answered in the same way.
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namely, if the cartridges are not really “ high velocity ”
the recoil wiU be normal.

But at the same time it is perfectly true that many
shooters do use really high-velocity cartridges without
noticing any inconvenient recoil. This, however, does
not prove that the recoil is not heavy ; merely that it is
not too heavy for many to withstand without discomfort.
In such matters there can be no hard and fast rule, and
each individual must be a law unto himself. Some men
are very sensitive to recoil, while others seem to be almost
immune.  The  only  way  for  anyone  to  find  out  is  to  try
for themselves. And whatever the result of this trial may
be it will not alter the fact that the real high-velocity
cartridge does develop a higher recoil than the standard,
and consequently such cartridges are for the normal
individual less suitable for use in very light guns than those
which give standard results.

T h e  M a x i m u m  C a r t r i d g e . Throughout this chapter
I have made no reference to the crimped cartridge because
I doubt whether its use can m?ike any practical difference
to the conclusions which I have ventured to draw. At
best it seems unhkely to achieve more than a slight
increase of a yard or two in range all round. But
towards the end of 1933 an entirely new departure from
the standard appeared in British cartridges which has
completely changed the problem of shooting at long range.
This new departure was the “ Maximum ” cartridge.

I have already done my best to emphasise the fact that
it is the shot that kills the b ird ; and that it may be
better, therefore, to sacrifice powder rather than shot. The
Maximum cartridge, as it is now generally known, contains
the full ounces of shot of the low-velocity load but aU
sacrifice of velocity is saved by the use of a special slow-
burning powder called Neoflak which develops the full
standard velocity but at a pressure which is normal for
the standard 2|-inch 12-bore load.

In other words the 2|-inch 12-bore cartridge is given
the same shot power as the 2f-inch and all the advantages
of the heavy shot charge of the low-velocity load are
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obtained without any of its limitations. In fact the
only criticism that can be advanced is that with No. 6
shot the pattern may tend to remain almost too dense at
long ranges with the necessary velocity fading out before
the pattern, a condition which can tend to wounded birds.
But with No. 5| the pattern is maintained adequate up
to 55 yards for both pheasants and duck with ample
penetration. If any further qualms are felt about penetra-
tion the use of No. 5 will ensure all that can possibly be
needed; but a boring more open than a quarter choke
should not be used in case the pattern becomes too open.
Partridges and wood-pigeons can be killed with certainty
up to 50 yards with No. 6 shot and a half choke.

These advantages are so definite and so real that it will
be clear that there must be some disadvantage, and this
will obviously be recoil. And the recoil is indeed heavy,
being an increase of almost 17 per cent, above that
given by the standard load. This is certainly too much
for the majority of shooters to withstand when many shots
are fired in rapid succession, and the cartridge was never
intended for such work. It was designed for special
occasions and special purposes rather than for constant
use. For the rough shooter with his 2^-inch 12-bore it
is ideal, and for the wildfowler a practical and useful
alternative to a heavier gun.

Doubts have sometimes been raised as to the safety of
using cartridges loaded with i j otmces of shot in an ordi-
nary 2j-inch 12-bore gun. It can, therefore, be stated
at once that there is no risk whatever since the pressure
is the same as that of the standard 2j-inch 12-bore
cartridge. Similar doubts have at times been expressed
about low-velocity loads and this aspect of the subject
will be dealt with in Chapter XV.



C H A P T E R  V I I I

LOADS AND FORWARD ALLOWANCE

I EXPLAINED at the beginning of the last chapter
that the two objects which had always been sought
by experimenters in loads was an increase in range

and a reduction in forward allowance. We have con-
sidered the possibilities of increasing the effective range
in detail, so let us now turn to the question of forward
allowance.

This problem has already been discussed at some
length in Chapter VII of Volume II, where it was explained
that the amount of forward allowance which must be
given on a crossing target depended on (i) the speed of
that target, and (2) the total period of time which must
elapse between the shooter’s mental decision to fire and
the arrival of the shot charge at the target. The speed
of the target is naturally that with which a bird flies, and
it is'now known with fair accuracy that 40 miles an hour
is about the highest speed which the majority of ordinary
game birds can normally attain in stiU air. I will, accord-
ingly, adopt this value as being typical, only adopt-
ing the higher value of 60 m.p.h. in order to indicate
the most extreme examples which are likely to be
encountered.

The period of time which must elapse between the
shooter’s mental decision to fire and the arrival of the
shot charge at the bird has been shown in Volume II to
to be divisible into three distinct periods, namely:

(i) The time taken from the brain’s decision to fire to
the actual pressing of the trigger, which can be called the
“ Sportsman’s Time.”

(2) The time taken from the pressing of the trigger to
the exit of the shot charge at the muzzle, which is known
as the ” Time up the Barrel.”

(3) The time taken from the exit of the shot charge
177
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at the muzzle to its arrival at the target, perhaps 40 yards
or  more  away,  which  is  the  “  Time  of  Flight.”

The first of these periods cannot be measured and
must vary not only with individuals, but with individuals
on different days and even at different times of the same
day. It can be overcome by " swing,” that is by shooting
with a moving gun, and wiU be deedt with at greater length
in the final chapter. Accordingly, in our consideration
of the actual forward allowances necessary, this first
period  of  time  wiU  be  ignored.

The second period, however, cannot be ignored,
although it is not nearly of so much importance as it was
in the days of flint-lock muzzle-loaders. It is really
made up of three elements of time : the faU of the
tumbler, or hammer (about O’OOZO second) ; the time
of ignition, which with modern smokeless powders is
about 0*0010 second ; and the time of movement up the
barrel, which is about 0*0026 second. So the total “ Time
up  the  Barrel  ”  amounts  to  0*0056  second.

This is certainly a very small fraction of time, but a
bird travelling at 40 m.p.h. will move just about 4 inches
during this small period, which means that the necessary
forward  allowance  on  a  bird  crossing  at  40  m.p.h.  must
be increased by 4 inches if the pattern is to be truly
centred  on  the  bird.

So the total forward allowance on a crossing bird
consists of the distance the bird will travel during the
"  Time up the Barrel  ”  and the "  Time of  Flight  ”  added
together.

The " Times of Flight ” over all sporting ranges for
different shot sizes when propelled at different velocities
have been given in Tables XIV to X X I of Volume II.
It is, accordingly, only necessary to add 0*0056 to the
values  given  in  these  Tables  in  order  to  obtain  the  total
time period which governs the amount of forward allow-
ance needed for a crossing bird.

At a range of 20 yards a bird crossing at 40 m.p.h.
wiU move 3*7 feet during the total time period thus
obtained for the ordinary standard load developing an
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observed velocity of about 1,050 f.s. ; which means that
3 7 feet is the forward allowance necessary under these
conditions.

In the case of the high-velocity load the forward
allowance necessary on a bird crossing at 20 yards at
40 m.p.h. is 3-4 feet, which means that the change from
the standard to the high-velocity load has reduced the
forward allowance by 0-3 of a foot, or 4 inches. A
reduction of 4 inches in a total forward allowance of a
foot might be appreciated, but in over 3 feet it is negligible,
especially as the diameter of the spread of the shot charge
has also been reduced by the necessity for a heavily choked
gun. The permissible error with an improved cylinder
at 20 yards is about 10 inches ; with a half choke about
8 inches ; and with a full choke about 7 inches. So it
wiU be realised that even if the high-velocity load permits
an error of 4 inches in forward allowance, it necessitates
the charge being centred 2 to 3 inches more accurately
than need be done when an improved cylinder and
standard load is used, which means that the advantage
given by the high-velocity load is almost nullified.

Of course, it is absurd to regard an inch— or even
a foot— in forward allowance as having any practical
bearing on shooting. I have merely touched on this
theoretical aspect of the matter in order to show how
little there is to be gained, at any rate at 20 yards, by
the use of a high-velocity load. In the actual shooting
field practical conditions alone count, and the man who
hopes  to  improve  his  shooting  by  knowing  the  exact
forward allowance necessary in feet and fractions of a
foot for various ranges and speeds of birds wiU be doomed
to disappointment. At the same time so many claims
have  been  put  forward  from  time  to  time  for  the  high-
velocity load that it is essential for us to come down to
bedrock  and  see  just  what  we  stand  to  gain  or  lose  by
using different loads.

But before going any further I will meet one criticism
which the reader will probably advance, namely, that I
have made no allowance for the differences in the actual
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times of movement up the barrel of various loads. This
time, it may be thought, should be distinctly less in the
case of the high-velocity load on account of the enhanced
muzzle velocity.

It must be realised, however, that although the
actual velocity with which the shot charge leaves the
muzzle may be from 150 to 200 f.s. higher, this does not
mean that the average velocity of the charge diiring the
whole of its journey up the bore is increased by this
amount, for the higher muzzle velocity is only attained
by a greater acceleration. It is true that the average
velocity  of  the  shot  charge  up  the  barrel  is  slightly
higher than the standard in the case of the high-velocity
load, and slightly less in the case of the low-velocity load.
But the distance under consideration is so short, and the
actual variations in average velocity so small, that there
is no practical difference whatever in the various “ Times
up the Barrel ” when different loads are used.

At  first  sight  it  may  seem  very  extraordinary  that
the high-velocity load, which gives an approximate
increase of 10 per cent, in the average velocity over
20 yards, should not result in any practical improvement
in forward allowance at this range. But the truth is
that a 10 per cent, increase in average velocity over the
range  can  only  mean,  at  the  very  most,  a  10  per  cent,
reduction in forward allowance, or a reduction of 4 inches
in the 40 inches which are necessary with the standard
load. And when the diameters of the spread of the shot
charge are remembered, it is difficult to imagine that
4  inches  one  way  or  the  other  can  be  of  any  material
advantage or disadvantage in actual practice.

And as the range is increased, so does the improvement
in forward allowance caused by the high-velocity load de-
crease because the percentage reduction in the average
velocity  over  the  range  becomes  smaller  as  the  range
becomes greater. This can be seen by studying Tables
X X II  to  X X VIII  in  Volume  II.

It must also be remembered that one of the objects
of the high-velocity load was to gain an increase in range.
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and so the respective forward allowances necessary with
the high-velocity and standard loads at the longer sport-
ing ranges deserve the most careful scrutiny.

I have, accordingly, tabulated the different forward
allowances necessary at all ranges, and in order to make
the Table as complete as possible have included the
allowances for the low-velocity load as well as those for
the standard and high-velocity loads for birds crossing
at  both  40  and  60  m.p.h.

T A B L E  X X V I

F o r w a r d  A l l o w a n c e s i n  F e e t f o r  D i f f e r e n t  L o a d s a t  V a r i o u s
R a n g e s

Range in
Yards.

Bird  crossing  at  40  M.P.H. Bird  crossing  at  60  M.P.H.

Low-
Velocity

Load.
Standard

Load.
High-

Velocity
Load.

Low-
Velocity

Load.
standard

Load.
High-

Velocity
Load.

20 4-0 3 7 3-4 6-1 5-5 5-1
25 5-2 4 7 4*4 7-8 7-1 6*6
30 6-4 5-9 5-5 9-6 8-8 8-2
35 7 7 7-1 6*6 I I -5 1 0 7 9-9
40 9-1 8-5 7.9 I3 '6 1 2 7 II -9

45 I0-5 lO'O 9-3 15-8 14-9 14-0
50 I 2-2 i i '6 10-8 i 8’2 17-4 i 6-2

A study of this Table will show that just as the high-
velocity load makes no noticeable or helpful reduction in
forward allowance, so the low-velocity load does not add
to it to any extent, nor increase the difficulty of shooting.
The greatest differences will naturally be found between
the allowances necessary in the case of the high- and low-
velocity loads, and these will be accentuated most at
extreme ranges. In round figures these allowances are
16 and 18 feet respectively for a bird crossing at 60 m.p.h.
at 50 yards. When it is remembered that the diameter
of the effective spread of the shot charge is from 4 to 5 feet
at this range, while the forward allowance is roughly
6 yards, can anyone believe that a difference of 2 feet
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will have any appreciable effect in actual practice ?
With all three loads allowances of either 5J or yards
will result in a k ill; and what shooter can estimate for-
ward allowances at extreme sporting ranges to half a
yard  ?  Can  any  man  hope  to  say  for  certain  whether  a
bird is 48 yards or 52 yards away, and whether its speed
is 60 m.p.h. or 50 ?

Personally I am convinced that such niceties and
exactitudes are so impossible that their consideration is
bordering on the ridiculous. For it must be remembered
that the differences in figures which I have just quoted
will make a bigger difference in forward allowance than
can result from the greatest practical variations in loading.
All  that  it  is  possible  to  do is  to  swing well  through on a
fast and distant bird, and in such circumstances the actual
theoretical differences in allowances approximate into
one indefinable average.

The truth of the matter is that with shotguns a big
forward allowance will always be necessary for reasons
which  were  explained  at  length  in  the  chapters  on
Velocity in Volume II. We must accordingly face
facts as they are and bow to the inevitable. Were
shooting enjoyed on some other spheroid where there was
no atmosphere and little gravity, such as the moon,
the high-velocity load would come into its own : on the
earth it is compelled to contend against such terrific odds
in  the  way  of  air  resistance  that  it  really  has  not  a  fair
chance.

I do not think it will be disputed that more birds
are missed behind owing to the shooter checking his
swing than from any other cause, and when this happens
the bird is not missed by inches, but by yards, in which
case no high-velocity load wiU be of any help.

It may be urged, however, that it is common occur-
rence  for  a  shooter  to  keep  on  just  "  tailing  ”  his  birds
and that in such circumstances a reduction of even
6 inches in forward allowance may make aU the difference
between a bird being clean killed or hit behind. But it
must also be remembered that a high-velocity load needs



PLATE IX

T h r e e e x a m p l e s o f  B u r s t  B a r r e l s w h i c h w e r e n o t b u r s t b y

OBSTRUCTIONS

The burst barrel (A) was the result of faulty workmanship in a cheap gun,
in that a longitudinal cut was made in the barrel when “ striking up ” the
rib. This cut weakened the barrel along the line of the rib and a fracture

ultimately occurred along this line.
In the two guns shown (B) and (C) the cause of the bursts was the same,
namely, wear of the barrel. These were both old guns, and their barrels
had been worn by use almost as thin as tissue-paper, with the result that

rupture ultimately occurred.
lu none of the three bursts shown is there any indication of a “ ring bulge.’*
The ribs are all perfectly straight, and there is no opening out of the severed
portions of the barrels in the form of a funnel such as can be seen in the

photographs given in Plates V and VII (B).
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a fairly  heavily  choked gun,  which reduces  the spread of
the shot charge, and this reduction might make a similar
difference between a bird being tailed or killed clean.

Further I think it probable that tailing birds is due
more  to  some  temporary  lapse  from  form  rather  than
inability to judge pace. Most shooters must have experi-
enced days, or parts of days, when things would not go
right and they kept on hitting bird after bird behind.
Perhaps the brain was not working quite so fast as usual;
or there was some partial check in swing— not enough
to  make  one  miss  properly,  but  just  sufficient  to  throw
the charge a little back ; or there was some vague feeling
of being out of sorts. On such occasions I cannot help
thinking that the remedy lies with the shooter rather than
the cartridge, for a little later he may recover his form and
kill his birds well. Many shooters are too often inclined
to blame their cartridges rather than themselves; and
in any case, even if the high-velocity load did make
shooting  easier  by  an  appreciable  reduction  in  the
necessary forward allowance, a man who had become
accustomed to this load would still be just as likely to
suffer off days as when he used the standard load ; and
when these off days came he would shoot behind with
the high-velocity load as readily as he ever did with
the standard.

There  is  also  the  fact— at  least  I  believe  it  to  be  a
fact— that birds are far more often missed in front than
the great majority of shooters realise. The assumption
that  a  bird  is  invariably  missed  behind  has  become  so
general that it is now regarded almost as an axiom.
Personally I do not believe it to be anything of the sort,
and would go almost  as  far  as  to  say  that  some men miss
their birds in front almost as often as they do behind. The
question of the possibility of missing in front is seldom
considered, and I will deal with it at greater length in
the final chapter. But I am convinced of its existence,
although I may be inclined to exaggerate its frequency.

The very big forward allowance which must always be
necessary with a shotgun, especially at long ranges, is the
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chief factor which makes shooting at birds on the wing so
difficult. If the high-velocity load could bring about a
reduction of 50 per cent, in forward allowance, it would
certainly be a load of practical value. But the reductions
of  but  6  to  9  inches  in  7  to  10 feet  are,  to  my mind at  all
events, too small to be of any real help.

F O R W A R D  A L LO W AN C E  B E Y O N D  50  Y A R D S

So far we have only considered the question of forward
allowance up to 50 yards, and since one of the main objects
of experimenters in loading has been to increase the
effective range of the ordinary game gun, the forward
allowances necessary beyond 50 yards deserve attention.

At these extreme ranges the shot pellets are travelling
so comparatively slowly that the forward allowance must
be increased out of aU seeming proportion to the range.
This  is  because  the  time  taken  for  a  charge  of  shot  to
travel from 50 yards to 60 yards is just about the same as
that  same shot  charge took to  cover  the first  20 yards  of
range.  So  it  will  be  appreciated  that  for  60  yards  the
forward allowance which was correct for 50 yards must
be increased, hy the same amount as the total necessary for-
ward allowance on the same bird at 20 yards.

In round figures, the forward allowance at 60 yards for
a bird crossing at 40 m.p.h. is 5 yards in the case of low-,
standard, or high-velocity loads, while for a bird flying at
60 m.p.h.  the  allowance is  from 7 to  8  yards  for  all  three
loads.

At 55 yards the allowances are not quite so big, being
actually i3'8, 13*3 and I2’5 feet for the low-, standard,
and high-velocity loads on a 40-miles-an-hour bird. Or
in round figures, 4\ yards for all three loads.

Shots beyond 60 yards can affect no one but wild-
fowlers using special guns and heavy loads of large shot.
The pellets of large shot, such as BB, have a superior
capacity for overcoming air resistance and consequently
their times of flight for long ranges are comparatively less
than would be the case of ordinary smcdl shot. Yet even
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so the forward allowances are enormous, being in round
figures, 6, 7 ,̂ 9 and i i yards for a 40-miles-an-hour bird
at 70, 80, 90 and 100 yards, and correspondingly greater
for faster birds.

Allowances of this nature, approaching as they must
on occasions to the length of a cricket pitch, are quite
beyond the capacity for estimation possessed by the
average shooter, more especially as an allowance must
also be made for elevation in the case of these long shots.

And then there is the further fact that the average
velocity of the shot charge over these long ranges has
dropped  so  much  below  the  velocity  of  sound  that  the
bird  receives  ample  warning  from  the  report  of  the  gun
and can swerve away from its original line of flight, when
the most perfectly dehvered shot will miss.

The truth is that air resistance must always reduce
the velocity of even the largest sizes of shot pellets to such
an extent that very long shots at individual birds in flight
can never be anything but a pure gamble. The reahsation
of the very big forward allowances which are necessary at
long ranges may help to convince the reader that there are
other difficulties connected with very long shots quite
irrespective of the problems of pattern and penetration,
and that no variation in load can offer any help towards
their solution.

It is far easier to design a combination of special gun
and load which will give effective pattern and penetration
for a large bird such as a goose at very long ranges, than
it  is  to  find a  human being who can use  this  combination
with success on individual flying birds. Bunches of wild-
fowl, whether in flight or on the water, are another matter.

For all these reasons I do not consider shots at 60 yards
to be practical propositions for ordinary 12-bore game
guns. In fact, I am inclined to think that the actual
difficulties inseperable from long shots can be taken as
fixing 50 yards as the approximate limit of effective range
for aU except the super shot, for when trying to judge the
very big forward edlowances necessary it is just as easy to
over-estimate as to under-estimate.
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It is better to realise the limitations which are forced
upon us and to concentrate on the development which is
both effective within those limitations and convenient
and comfortable to use, than to strive after remote
possibilities and sacrifice chances at normal sporting
ranges.

Throughout this chapter I have purposely dealt with
the maximum forward allowances necessary, that is those
for birds flying at right angles to the direction of fire. In
actual practice, however, shots are far more frequently
taken at birds flying at a decided angle with the line of
fire, as was explained on page 157, and in all such cases the
forward allowance is reduced to an extent corresponding
to the reduction in the actual crossing speed of the bird
which  can  be  obtained  from  Table  XXIV.  This  means
that the difference in forward allowance caused by the
adoption of a low-, standard, or high-velocity load is also
reduced, while the spread of the shot charge remains the
same. In actual practice, therefore, even the slight gain
derived from the high-velocity principle of loading is less
than seemed at first sight probable. Similarly, the dis-
advantage of the low-velocity load is not so great in
practice as in theory.

In the case of very long shots, however, the time of
flight factor remains the same : and a bird flying straight
away will have just as much time to swerve as one flying
right across the line of fire.

It will, therefore, be realised that the forward allow-
ance is practically constant for any given range irrespec-
tive of the load, and depends only on the direction and
speed of flight of the bird ; while for shots over 50 yards
other difficulties enter which no type of load can possibly
cure.



C H A P T E R  I X

GENERAL CONCLUSIONS ON LOADS

Be f o r e  going any further I wiU try to summarise
the general conclusions which can be drawn
from our investigation of the subject of loads as

far  as  we  have  gone.
F o r w a r d  Al l o w a n c e . A slight reduction can be

obtained by the use of the high-velocity load; but at short
ranges at aU events this reduction is counterbalanced by
the necessity for using a heavily choked gun. Conse-
quently the object of making shooting more easy has not
been attained.

It must be remembered that a reduction in forward
allowance in itself wiU not make it easier to hit a moving
bird. If a modern magnum smaU-bore high-velocity
rifle were used on pheasants the forward allowance would
be reduced by 6o per  cent.,  but  it  would be more difficult
to kiH one’s birds.

For aU practical purposes of actual sport the varia-
tions  in  forward  allowance  resulting  from  the  various
loads which we have considered make no noticeable
difference. Shooting is rendered neither more easy nor
more difficult, apart from any differences due to the bor-
ing  of  the  guns  used.

Pe n e t r a t io n a t  Lo n g  Ra n g e . Here more success
has been obtained, and increases in penetration of approxi-
mately 14 and 58 per cent, at 50 yards have definitely
been obtained by seemingly opposite methods, namely
" high ” and “ low ” velocity loading. Of the two
methods the latter is certainly the better as far as penetra-
tion alone is concerned, and these results can be obtained
by its adoption without any increase in recoil.

In c r e a s e in  E f f e c t iv e  Ra n g e . Here  it  is  prob-
able that some slight increase has been gained, although
not nearly so much as might be expected from the

187  G
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increased penetration. For, as has been repeatedly
emphasised, range is dependent on two factors ; (i) pene-
tration ; and (2) pattern. Either is useless without the
other, and in all loads there is a struggle between these
two factors as to which can maintain its efficiency the
longer. In the case of both the “ high ” and “ low ”
velocity loads the penetration wins easily, and pattern
fails  first.  And the range is  limited by the failure  of  the
pattern. In the case of the standard load the struggle is
more even, and both pattern and penetration drop below
their respective minimum limits more nearly simultane-
ously, the penetration outlasting the pattern by about 5
yards in the case of partridges and grouse, but by less in
the case of larger birds such as pheasants and duck.
This means that in aU round shooting the range of the
standard load is limited by the pattern rather than by
the penetration.

If  pattern  is  to  be  helped  without  raising  recoil  or
pressure, either the size of shot must be reduced, which
means loss of penetration, or else a gun with more choke
must be used. It is of no more use to help pattern at the
expense of penetration than it is to help the latter at the
expense of the former, and so a gun with more choke is
the only practical method of helping pattern. But a gun
wath a considerable degree of choke is not a practical
weapon for t le average shot for aU round shooting, and
so we come 1 'ack very nearly to the point from which we
started.

It may be suggested that the crimped cartridge can
increase range by improving the pattern. But the real
improvement brought about by the crimp sealing and
absence of the over-shot wad is increased regularity of
pattern and elimination of scatters. It is true that there
is also a slight increase in density, but a 5 per cent, denser
pattern will not increase the effective range by more than
a yard or two at most. So I doubt if the crimped car-
tridge can be regarded as of much practical value for
increasing the effective range.

Ex c e l l e n c e o f  St a n d a r d  Lo a d . The last sentence
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of the preceding paragraph but one brings us to the
difficulty of improving on the standard load. The truth
of the matter is that aU loads are a compromise. Some
combinations help the penetration, and others the pattern.
It is impossible to help both without increasing the recoil
beyond aU practical limits as well as raising the pressure
too much. The standard load is the evolution of nearly
a century of practifal experience with the breech-loader :
it is really the outcome of millions of shots fired by thou-
sands of shooters in the actual field : for ordinary sporting
purposes it can hardly be bettered, as it provides an ideal
compromise between pattern and penetration.

And this can be taken as being equally applicable to
other sizes of game guns than the 12-bore which are
ordinarily used in the field for normal sporting purposes.
In  fact  it  is  always  safe  to  follow  the  maxim  : When in
doubt the standard load is best.

Ps y c h o l o g ic a l  Fa c t o r . I have alluded to the
question of the psychological factor already. I believe
that it is one which can have an enormous influence on
shooting and consequently it deserves careful attention.
I am quite convinced in my own mind that any benefits
which are conferred by the high-velocity load are entirely
psychological. As I have already explained, I have tested
numerous batches of " high-velocity ” cartridges for
shooters  which  proved  to  be  “  high  velocity  ”  only  in
name and which developed ballistics indistinguishable
from the standard load. Yet the shooters who used these
cartridges would probably have no confidence in standard
cartridges and quite likely imagine that they were missing
behind on account of the much larger forward allowance
which was necessary, whereas the truth would be that the
forward allowance was identical.

There can be no doubt that the description " high
velocity ” has a comforting sound, and gunmakers instil
aU sorts of exaggerated ideas into their customers’ heads
of the great increases in penetration and reductions in for-
ward allowance which accrue from the high-velocity load.
It is but fair to add that many gunmakers do beheve quite
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sincerely that these advantages exist, for it is only the
study of ballistics which shows them to be too shght to
have any practical effect.

In the same way nothing can have a worse psycho-
logical effect on the average shooter than the behef that
his cartridges are " weak,” For this reason the very
term ” low velocity ” is not a happy one, and is inclined
to make many shooters hesitate about using a load which
gives the maximum penetration at long range. If such
a load were calfed a “ special long-range load ” those same
shooters would as likely as not use it with confidence and
be dehghted with the results.

I have used the expression “ low velocity ” throughout
with full realisation of this disadvantage; but my sole
purpose is to try to expound the truth, and the expression
does convey an idea of the principle involved.

There are shooters who have become accustomed to
the real high-velocity load and who miss the rather heavy
recoil when using standard cartridges. Because of the
lighter recoil they are inclined to think that the cartridges
must be " weak,” and such thoughts beget lack of confi-
dence, and lack of confidence begets bad shooting.

So from every point of view it is advisable for the man
who has a belief in the high-velocity load to use it, while
those who lack this  belief  can make thernselves  happy in
the knowledge that the standard load is the load which
experience has shown to be most generally effective for
ordinary sporting purposes.

T h e  Lo w -Ve l o c i t y  Pr i n c ipl e . Just as little real
advantage, if any, is gained over the standard load by the
adoption of the high-velocity load, so is there little to be
gained by the use of the low-velocity load in an ordinary
i2-bore for ordinary sporting purposes.

But it is probable that the principles of the low-velocity
load could be applied with very real advantage to guns
of other sizes. These sizes are the two extremes, that is
large bores or ultra small bores.

In  the  large  bore  category  I  would  include  4-bores,
8-bores, lo-bores and 3-inch 12-bores, All these guns are
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used almost  entirely  for  wildfowling where shots  must  be
taken at very long ranges, and big shot is generally used
to the exclusion of other sizes. The only possible result
must be that pattern will fail long before penetration, and
consequently the range must be limited by the pattern.
If the low-velocity principle were adopted the weight of the
shot charge would be increased, while the powder charge
would be reduced so as to prevent both excessive recoil
and excessive pressure. This reduction in powder wiU
cause a certain loss in muzzle velocity ; but the large size
of shot used (No. i or larger) enables the individual pellets
to retain their velocity even at the longest ranges, with
the result that the struggle between penetration and
pattern is rendered much more even.

This principle was advocated by the late Dr. Charles
J. Heath, the President of the Wildfowlers’ Association,
who used it with great success in his chamberless 12-bore
guns. Dr. Heath used 2 ounces of BB shot in a gun
weighing but 8 lb., and i f of BB shot in a gun weighing
but  7J  lb.  In  order  to  prevent  the  recoil  from  being
prohibitive, he used very light powder charges which
gave  observed  velocities  over  20  yards  of  but  850  f.s.
The heavy shot retained their velocity sufficiently well to
enable  kills  to  be  made  up  to  90  and  100  yards  when
firing at bunches of fowl, while the pattern was helped
by the increased number of pellets in the charge as well
as by the low ballistics.

Without exhaustive experiments it is impossible to
do more than suggest combinations of powder and shot
for loads for aU the different sizes of large bore grms ; but
there can be no two opinions about the great value of the
principle of the low-velocity load for wildfowlers.

In  1935  and  1936  I  was  able  to  carry  out  fairly  ex-
tensive experiments with a view to obtaining the best
possible low-velocity loads for the 3-inch and 2|-inch
12-bore cartridges. When Modified Smokeless Diamond
(S' 36-grain powder) appeared at the beginning of 1933 I
was at once struck Ijy the possibilities it presented for low-
velocity loads in long 12-bore cases. But it was followed
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quickly by Neoflak and later by the Belgian Cooppal
CauliUe, both of which seemed likely to be even better.
So thanks to the ungrudging help of Imperial Chemical
Industries, Ltd., and Messrs. J. R. Watson & Co., the
British Agents for the Cooppal Powder Company, I was
able to try a considerable number of loads with shot
charges of 2 ounces of BB, i f ounces of No. 1, and i f
ounces of No. 4 in 3-inch cases.

These tests satisfied me that Modified Smokeless
Diamond was so much better in 3-inch cases with heavy
shot charges than ordinar}^ Smokeless Diamond that I
now regard ordinary 33-grain and 42-grain powders as
obsolete for low-velocity loads in cartridges longer than 2f
inches. But good as the Modified Smokeless Diamond
was the Neoflak and CauliUe were even better, and with
33 and 32 grains of these powders respectively and 2
ounces of BB which gave normal pressures, observed
velocities of just under 850 f.s. and patterns of 70 per cent,
in a full choke.

With 38 grains of Neoflak and 33 grains of CauliUe and
i f ounces of No. i normal pressures were combined with
observed velocities of just over and a little below 950 f.s.
and patterns of 70 per cent.

With i f ounces of No. 4 it was found difficult to im-
prove upon the standard “ Alphamax ” cartridge, which
is reaUy a 3-inch Maximum cartridge.

The results of these tests were published in Game and
Gun and both the two low-velocity loads— t̂he Alphamax
has a standard shot charge and gives a standard velocity
— proved most satisfactory, the i f oimces of No. 1 being
especiaUy popular and successful.

Accordingly I then carried out further experiments
with 2f-inch 12-bore cases, again with the unstinted help
of Imperial Chemical Industries, Ltd., and Messrs. J. R.
Watson & Co. This time, instead of the original Neoflak
I used a Modified Neoflak, which was a slightly slower
burning powder than the Neoflak, and the results it gave
proved that for this particular purpose it was better even
than Neoflak.
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With 34 grains of Modified Neoflak and ounces of
shot the pressures were normal and the observed velocity
averaged almost exactly 950 f.s. The patterns with No.
I were 70 per cent, and with No. 4, 72 per cent, in a full
choke barrel.

The Cooppal Caulille results were not quite so satis-
factory, for the pressures were a bit low and observed
velocity only just over 900 f.s. But as is so often the case
with low ballistics the patterns were exceUent, being
round about 75 per cent, in a full choke.

These results were also published in Game and Gun,
and the loads, especially the Modified Neoflak load, were
tried out by a number of wildfowlers and gave the very
greatest satisfaction.

It must, however, always be borne in mind that the
use of large shot is essential for the low-velocity principle.
To shoot large shot at a high velocity is merely to throw
away killing pattern, and so from every point of view it is
always better to combine large shot and a low velocity.
The larger the shot the lower the velocity can be, and a
very good idea of the most suitable combinations of shot
sizes and observed velocities can be obtained from Tables
XX XII  to  X X X IX  in  Volume  II.

As a general rule it is fairly safe to assume that pattern
is being wasted if any sizes from No. i to No. 4 inclusive
are fired with a higher observed velocity than 950 f.s. ; if
B and BB are fired with a higher observed velocity than
900 f.s. ; and if BBB and the larger sizes are fired with a
higher observed velocity than 850 f.s.

As  the  velocity  is  reduced,  so  can  the  weight  of  the
shot charge be increased without increasing the recoil,
and the following shot charges when propelled at the
observed velocity indicated, give equal recoil, the weight
of the shot charge propelled with the standard observed
velocity of about 1,050 f.s. being taken as unity.

From this it wiU be seen that as the observed velocity
developed in a 3-inch 12-bore cartridge is lowered from
1,050 f.s. to 1,000 f.s., 950 f.s. 900 f.s. and 850 f.s., the
weight of the shot charge can be i^, i f , i| , i f and
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2 ounces respectively while the recoil will be the same
in each case.

Observed Velocity
over 20 yards

1,050 f.s. .
1,000 f.s. .

950  f.s.  .
900 f.s. .
850  f.s.  .

Weight  of  Shot  Charge
giving Constant Recoil

1
1-07
I-I5
1‘20
1-30

Similarly, the standard charge of 3 ounces of shot for
a 4-inch 4-bore cartridge can be raised to 4 ounces if the
observed velocity is reduced to 850 f.s.

Such increases in the weights of the shot charge must
help very materially towards pattern, while there will be
no lack of penetration provided suitably large shot is used
in each case.

The pressures will also remain approximately constant,
as although the weight of the shot charge is increased
that of the powder charge is reduced.

The ultra small bores, namely the 28-bore and the *410,
offer a similar problem but in a slightly different form.
At present the cartridges for both these bores are loaded
to develop velocities which are not much less than the
standard observed velocity given by a 12-bore cartridge.
This can only mean that penetration is efficient long after
the  pattern  has  failed  owing  to  the  very  small  shot
charges used. In the 2j-inch '410 cartridge the shot
charge is but | ounce, and it is impossible for such a light
charge to constitute a killing pattern at a range of over
30 yards. Yet the shot charge is given sufficient velocity
to ensure penetration for individual pellets up to 40 or 45
yards. This is mere waste of velocity, and a more
generally effective cartridge would ensue from loading
with more shot and less powder, as the pattern would be
maintained better, while there would still be ample
velocity to ensure penetration as long as the pattern was
sufficiently dense to render a hit something more than a
pure fluke.
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The use of Neoflak or Modified Neoflak opens out new
possibilities for these ultra small bores and I see no reason
why  it  should  not  be  possible  to  load  a  2^-inch  *410
cartridge with | ounce of shot to develop an observed
velocity of 950 f.s. without any increase of pressure
beyond the present standard. Such a cartridge would be
re^ y effective up to 35 yards against all ordinary game.

And  the  same  applies  to  the  28-bore.
Although I have stated that there is little to be gained

by adopting the low-velocity principle in 2i-inch 12-bore
game guns for ordinary sporting purposes, low-velocity
cartridges can be very useful for large birds which do not
require a very dense minimum killing pattern. In Table
XX V  it  will  be  seen  that  a  quarter  choke  gives  a  suffi-
ciently dense pattern for maUard with the low-velocity
shot charge of ounces of No. 4 at 50 yards. This, as
has been seen, is about the longest practical range for
ordinary shooting, and so it will be realised that the low-
velocity load wfll be very effective against game birds of
the size of mallard or larger.

The same thing applies, but in a smaller degree, to the
2 -̂inch 16- and 20-bores. In these guns, however, the
weight of the shot charge is less and consequently the
pattern will become too open unless very large birds com-
prise the quarry, or the shot size is reduced.

D E T A IL S  O F  LOAD S

There are so many possible variations in loads that
it is impossible to consider all. Frequently such varia-
tions consist of an additional grain to the powder charge.
This  is  particularly  common  in  the  ordinary  2^-inch
12-bore cartridge, and powder charges of 33, 34 and 35
grains are often used in conjunction with i ounce of shot.
Such variations are always the work of gunmakers and
never of a factory where every effort is always made to
maintain standardisation in order to simplify the work of
mass production. Some shooters think that an extra
grain of powder in the charge wfll make a great difference

G*
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to the velocity. The truth is, however, that there are so
many other factors to be considered besides the actual
weight of the powder charge that these small variations
have little, if any, effect. Cap, wadding, and above all
turnover, can affect the results far more than a grain
more or a grain less ; and a tightly loaded cartridge with
33 grains will develop a higher velocity than a loosely
loaded  one  with  34  or  35  grains.  It  is  true  that  many
gunmakers load most excellent cartridges with 34 grains
and I ounce of shot. But, as I have already explained
in Chapter II, gunmakers, as a rule, load on the “ soft ”
side ; and a load of 34 grains and i ounce loaded by a
gunmaker will probably develop a very similar velocity
to one of 33 grains and i ounce loaded at a factory.
There can be no sort of harm in these small variations,
but sportsmen must not expect any practical difference
in the results.

Variations in the shot charge, however, can have
important results, but these are all due to alterations in
the pattern rather than in the velocity.

The standard shot charge for the 2j-inch 12-bore is
i-iV ounce. Thirty years ago it was ounce, but it was
reduced because shooters found that the lighter charge
did aU they wanted in ordinary shooting and also gave a
lighter recoil which enabled them to use lighter guns.

During the 1914-18 War the weight of the shot charge
for an ordinary 12-bore gun was limited by law to i ounce
on account of the shortage of lead. Consequently all
who shot at that time were compelled to use this lighter
shot charge. It was found so pleasant that it is not
surprising that those who had once tried it were not
always anxious to revert to the standard iiV ounce,
especially as i ounce proved perfectly effective in the
actual shooting field for aU ordinary game, especially
driving. The result is that an ounce charge is now nearly,
if not quite, as common as the standard i i V ; and there
can be no doubt that the further reduction in recoil which
is  the  natural  outcome  of  the  lighter  shot  charge  has
helped the movement in the direction of lighter guns.
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The velocity developed with an ounce of shot is slightly
higher than that with i-iV ounce, while the density of the
pattern must be correspondingly less owing to the fewer
pellets in the charge. The effect of these changes is to
maintain penetration at a somewhat greater distance
beyond pattern than is the case with the standard load.
The actual effective range is, therefore, reduced: but
this reduction is so slight as to have little, if any, practical
result in ordinary shooting ; although if the game is very
wild and shots at extreme range are the rule rather than
the exception, the lighter shot charge cannot possibly be
quite as effective as the heavier.

It will, accordingly, be seen that during the past forty
years the shot charge for an ordinary 12-bore gun has been
reduced from i J ounce to i ounce, although in theory ii>g
ounce is still the standard weight. This reduction has
had a great influence on recoil, and has helped as much as
any  other  single  cause  towards  the  building  of  lighter
guns. It is also probable that the tendency towards
reducing the weight of the shot charge has been fostered
by all  firms which load cartridges on a big scale. This is
not difficult to understand, as nine cartridges can be
loaded with the same amount of shot when an ounce
charge is used as can eight when the charge is i| . Since
shot is one of the most expensive items in the composition
of a cartridge the saving in cost will be appreciated when
hundreds of thousands, let alone millions, of cartridges
are being loaded and sold. And a reduction from
ounce to an ounce makes a correspondingly pleasant
saving in expenditure. But even so the wide adoption
of an ounce charge could never have been brought about
unless  it  was  a  thoroughly  practical  and efficient  load for
aU ordinary shooting. Sportsmen, however, should re-
member that an ounce must reduce the effective range to
a slight extent. This reduction, however, is so slight in
comparison to the benefit conferred by rendering pos-
sible the use of a lighter gun that it is probable that the
majority of shooters who fire most of their shots at driven
game will prefer an ounce charge to anything heavier.
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It may now be of interest to summarise the particulars
of the different loads which are usually adopted in 2j-
inch 12-bore guns as they form a very sound guide to the
possible variations in other sizes of cartridges.

In the following particulars the powder is assumed
to be a 33-grain bidk powder, such as Smokeless Diamond,
except in the case of the Maximum cartridge, and the
velocity quoted is the ordinary observed velocity over
20 yards. The wadding in every case is assumed to be
of the best felt— air-cushion wads need lighter powder
charges— and the loading to be similar as regards turnover
and general tightness, while it is also assumed that the
different loads are aU used in guns which give regular and
even patterns of approximately the correct density for the
various types of boring.

30  Gr a in s o f  Po w d e r a n d  i j  Ou n c e o f  No . 4.
A low-velocity load which has the maximum penetration
at long range, but the pattern is rather open at 45 yards for
birds  smaller  than  maUard.  Up  to 40 yards it would be
hard to imagine a more killing load for all ordinary game
except snipe, and it is especially deadly against ground
game. For mallard and birds of the same size or larger it
is the most deadly load of all and will kill at 50 yards  in  a
quarter-choke barrel. Can be used in any tjqje of boring.
Velocity, about 950 f.s. Recoil, normal.

30  Gr a in s o f  Po w d e r a n d  Ou n c e o f  No . 4̂ .
A low-velocity load which has a sufficiently good killing
pattern for pheasants up to 50 yards in an improved
cylinder barrel and gives great penetration, but not quite
so  good  as  that  of  the  previous  load.  A  very  good
general load for all round shooting except snipe ; and,
like the previous load, especially useful for walking up
because the large shot has greater penetration on a bird
shot from the rear. Can be used in any type of boring.
Velocity, about 950 f.s. Recoil, normal.

33  Gr a in s o f  Po w d e r a n d  Ou n c e o f  No . 6.
Probably the most deadly load of any for aU-round rough
shooting on account of the dense pattern, and one which
can be quite useful for snipe. Will kill partridges, etc.,
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with certainty very nearly up to 45 yards in an improved
cylinder gun, and will kill larger birds up to very nearly
50 yards, if not quite. If No. 5 shot is used instead of
No. 6 the pattern and penetration become almost identical
with those given by 30 grains of powder and i j ounce of
No. 4̂ . Can be used in any type of boring. Velocity,
about 1,040 f.s. Recoil, heavy.

N .B .— 42 grains of a 42-grain bulk powder such as
Schultze probably give better results than 33 grains with
this shot charge; and further, with these powders the
velocity becomes about 1,060 f.s.

33  Gr a in s o f  Po w d e r a n d  I jV  Ou n c e o f  No . 6.
The standard load. Probably as good an all-round load
for aU ordinary shooting as any other, and with No. 6
shot can be quite useful for snipe, although a smaller shot
size is better. Will kill birds the size of a partridge
slightly beyond 40 yards with certainty, and bigger birds
up to 45 to 50 yards. Can be used in any t3q>e of boring.
Velocity, about 1,060 f.s. Recoil, normal.

33 Gr a in s o f  Po w d e r a n d i  Ou n c e o f  No .  6 o r
No. 7. A delightful all-round load which is particularly
useful for driven game and perfectly effective up to 40
yards for partridges and larger birds up to 45 yards.
With No. 7 shot is excellent for snipe and is then the most
useful all-round load when snipe are expected but do
not comprise the principal game. Can be used in any
t5q>e of boring. Velocity, about 1,100 f.s. Recoil,
light.

N .B .— 34 grains are frequently loaded by gunmakers
instead of 33, but there is no practical difference in the
results. (See page 196.)

36  Gr a in s o f  Po w d e r a n d i  Ou n c e o f  No . 6.
The best high-velocity load. Very deadly for all game
and will kill partridges up to 45 yards and perhaps a little
farther, and larger birds up to 50 yards. Needs a half
choke. Velocity, about 1,150 f.s. Recoil, heavy.

36  Gr a in s o f  Po w d e r a n d  H  Ou n c e o f  No . 5.
A high-velocity load which gives penetration at all ranges
which is practically identical with that given by the low-
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velocity load of 30 grains and ounces of No. 4. Will
kill partridges up to 40 yards, but not beyond on account
of  the  open  pattern.  Will  kUl  mallard  up  to  50  yards.
Needs an absolutely full choke. Velocity about 1,170 Is.
Recoil, normal.

36 G r a i n s o f  P o w d e r a n d H O u n c e o f  N o . 7.
A high-velocity load which has no advantage over the
standard, as the small shot cannot retain its original
velocity. Will kiU up to 45 yards. Needs very nearly,
if not quite, a full choke. Velocity, about 1,150 f.s.
Recoil, normal.

M a x i m u m  C a r t r i d g e . Pre-eminently the cartridge
for  the  rough  shooter.  With  No.  6  wiU  kiU  all  ordinary
game from partridges to duck and pheasants up to 50
yards, and with No. 5 wiU kiU duck and pheasants up
to 55 yards, although the pattern is a bit too open for
partridges and pigeon beyond 45 yards. Velocity, about
1,050 f.s. Recon, very heavy.

N o t e .— If snipe alone are the quarry no shot size larger
than No. 8 should be used, as the minimum necessary
pattern cannot be obtained with certainty at 40 yards
with larger shot. It is, however, extraordinary what
larger shot can do at times. For instance, although I have
fired very few times at snipe with the low-velocity load of
30 grains and ounce of No. 4, the first three shots were
all kills !

The Table on page 202 suggests details of loads for
all sizes of British cartridges. The list is admittedly not
complete in that it does not give all the possible com-
binations of powder and shot which can be used in the
different cartridges. But it does indicate the limits
beyond  which  variations  in  charges  should  not  be  made.
In  the  column  headed  “  T}q)e  of  Load  ”  the  letters  L.V.,
S., and H.V. indicate respectively low-velocity, standard,
and high-velocity loading. DetaUs of high-velocity and
low-velocity loads are not given for those cartridges in
which any pronounced divergence from the standard is
not to be recommended as likely to prove of practical
value. And in the case of the long 12-bore and lo-bore



GENERAL CONCLUSIONS ON LOADS 201

cartridges the only powder suggested for low-velocity
loads is Modified Smokeless Diamond because the
experiments I mentioned on page 192 convinced me that
this slower-burning powder is far more suitable for such
loads in these larger cartridges than the ordinary 33-grain
and 42-grain bulk powders. Experience has also shown
that 33-grain and even 36-grain powders are less satis-
factory in 4-bore and 8-bore cartridges than 42-grain, so
in their cases only loads for 42-grain powders have been
given. No mention has been made of Neoflak or Modified
Neoflak because these powders are not sold separately
and cartridges loaded with them can be obtained only
from the makers. Further, it must be borne in mind
that all the powder charges given in this Table are those
suitable for felt wadding. Air- cushion wads need lighter
powder charges to develop the same ballistics.

It  will  be  seen  that  two  low-velocity  loads  have  been
suggested for the 12-bore 3-inch cartridge. This has
been done because of the popularity amongst wildfowlers
which is enjoyed by this particular cartridge. The load
utilising i f ounces of shot develops an observed velocity
of 950 f.s. and is very suitable for shot sizes from No. 4 to
No. I inclusive. The load with 2 ounces of shot develops
an observed velocity of from 850 to 900 f.s. and is the best
to adopt when very large shot, such as BB, is considered
necessary.

The same principle could be adopted in all cartridges.
For instance, 28 grains of Smokeless Diamond and i f
ounce of shot gives an observed velocity of about 900 f.s.
in an ordinary 2j-inch 12-bore. But the loads actually
given are those which are likely to prove most generally
useful.

The 3-inch -410 cartridge carries such an abnormally
long shot column that pressures are excessive unless
Modified  Neoflak  is  used.  The  charges  suggested  for
Modified Smokeless Diamond give the maximum pressures
advisable, but the velocities are slightly on the low
side and cartridges loaded with Modified Neoflak are
better.
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X2 2 i s. 36 i l 38 l i 46
12 2f L.V. — — 3 6 l i
12 2 j H.V. 36 I 39 I 46
12 2i s. 33 l i t 36 1 * 42
12 2i L.V. 30 l i 33 l i 38
12 2 s. 26 i — — —
12 2 L.V. 24 I — — —
14 2i H.V. 33 i f 36 i f 42
14 2i s. 31 I 33 I 38
14 2i L.V. 28 1 :^ 30 i f t 36
i 6 3 H.V. 36 I 39 I 46
i 6 3 s. 33 1 * 36 l i t 42
i 6 3 L.V. 30 l i 33 l i 38
l 6 2i H.V. 33 i f 36 i f 42
i 6 2i S. 31 I 33 I 40
i 6 2i L.V. 28 30 i f t
l 6 2i S. 28 i 30 i 36
l 6 L.V. 26 I 28 I 33
20 3 H.V. 32 i f 35 i f 38
20 3 S. 30 I 32 I 35
20 3 L.V. 27 29 ^ ft 31
20 2i S. 26 i 29 i 33
20 2i L.V. 24 I 27 I 31
20 2i S. 24 i 27 i 31
20 2i L.V. 21 i 23 i 25
24 2i S. 22 f 23 f 27
24 2i L.V. 20 i 21 i 24
28 S. 20 21 f t 25
28 2i L.V. 16 i 17 i 21
32 s. 16 i 17 i 21
32 2i L.V. 12 i 13 f 16

•410 3 S. — �— II f t —
•410 3 L.V. — — 8 i f —
•410 2i S. lo i f 114 f 124
•410 2i L.V. 8i i 9 4 10
•410 2 S. 9 10 f t II
•410 2 L.V. 7 1 7i f 84
�360 i f S. 6 �ft 7 f t 7
•360 l i L.V. i 4i 4 5
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SIZES O F SH O T

No  investigation  into  the  problem  of  loads  would  be
complete without considering the advantages and dis-
advantages which can be conferred by adopting different
sizes of shot. It is quite obvious that the smaller the shot
size the greater is the number of pellets in the charge, and
consequently the denser is the pattern. And since the
falling of the pattern below the minimum necessary for
any particular .variety of bird is recognised as being one
of the two principal factors in limiting range, many
sportsmen advocate the use of No. 7 shot in place of
No.  6  in  the  standard  2|-inch  12-bore  load  with  a  view
to increasing the chances of a kUl at long range. Those
who do so, however, not infrequently forget the other
limiting factor to range, namely penetration. It is just
as useless to have pattern without penetration as it is to
have penetration without pattern. In fact it is more
useless, as in the latter case a lucky pellet wiU kdl, while
in the former it will n ot ; and there is no more fruitful
source of wounding than pattern without penetration.

If small shot gave the same penetration as large, its
use would be most advantageous on many occasions.
But unfortunately it does not, and for two reasons.
First, because it does not retain its velocity so well as the
larger sizes owing to its poorer capacity, for overcoming
air resistance, with the result that the actual striking
velocity of the pellets of a charge of small shot is always
less at any given range than that of the pellets of a charge
of large shot propelled with a similar velocity.

Secondly, because the capacity for penetration pos-
sessed by any single pellet depends on its weight as weU
as on its velocity at the moment of impact. The belief
that small shot “ cuts its way in like the edge of a razor ”
while the pellets of larger size fail to get through the
feathers, is very common, but absolutely erroneous, as
was explained in Volume II. The expounders of this
theory fail to realise that the superior weight of a large
pellet helps it to penetrate more than it is retarded by its



PLATE X

(A) A G u n w h ic h b u r s t o w i n g t o a f l a w i n t h e  R i g h t  B a r r e l

In this particular case the flaw was due to an inclusion of “ slag ” in the
original ingot, and when the ingot was drawn, a longitudinal “ seam ” was
pr^uced in the metal. This ‘‘  seam ” begins at the point marked i and runs
in a straight line to the point 5. The actu^ burst occurred along this “ seam.”
An examination of the fractured edge of the barrel, between the points marked
r and 2, will show that the metal of the barrel seems to consist of two layers
of varying thickness, the outer layer being dark. This discoloration is due
to the presence of the “ slag,” which produced a fissure penetrating in places

to half the tliickness of the wall.
The photo-micrographs of this fissure in the barrel which are shown in Plates
XII, XIII (A) and XIII (B) were taken respectively at the points marked

3, 4 and 5.

(B) A n o t h e r  G u n w h i c h b u r s t o w in g t o a f l a w i n t h e  R ig h t

B a r r e l

In this case the flaw was possibly due to an air bubble which produced a short
“ seam ” in the metal when the ingot was drawn. Such a “ seam ” would
cause an incipient flaw. This flaw extended from the point i to 2 in a straight
longitudinal  line,  and  the  burst  occurred  along  this  line.  The  similarity  of
these two bursts is veiy marked. In both cases the site of the burst is situated
along an almost straight longitudinal line, and there is no si^ of a “ ring

bulge ” such as would be produced by an obstruction.
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greater cross-sectional area. The capacity possessed by
any pellet to penetrate a substance such as the body of a
game bird is indicated more nearly by its energy than by
any  other  means,  and  Tables  X X X II  to  X X X IX  in
Volume  II  prove  better  than  any  words  how  feeble  the
penetration possessed by small shot becomes at the longer
sporting ranges. In fact, as was pointed out in the last
chapter, no size smaller than No. 6 can be relied upon
to give sufficient penetration to produce any increase in
effective range, no matter how high the initial velocity.

I am inclined to think that the question of shot size
for ordinary shooting is as much psychological as anything
else. Some men like to feel that they have a pattern
sufficiently dense to ensure hitting the head and neck of
a bird, and so use No. 7 ; while others are inspired with
confidence by the extra smashing power possessed by
the pellets of No. 5. The truth probably is that for the
great majority of shots, at driven game at all events, the
range is sufficiently close for No. 7 to give ample penetra-
tion and No. 5 an ample density of pattern.̂

There is, however, one disadvantage of No. 7 for
ordinary shooting which has always seemed to me
unanswerable ; this is the number of pellets which are
put into a bird killed at close range. The No. 7 school
say that one should wait until the bird gets further away
before firing. But frequently one has to take a shot when

^ In this connection it should be noted that the average area
presented by the head and neck of a cock pheasant or mallard when
flying  overhead  is  approximately  6  square  inches.  This  entails  a
minimum necessary pattern of 165 (including an addition of 10 per
cent,  to  allow  for  loss  in  density  through  stringing)  if  a  hit  With  one
single pellet is to be a matter of comparative certainty. And this,
in  turn,  means  that  a  quarter  choke  gun  is  needed  in  order  to  place
one  single  pellet  in  the  head  and  neck  of  a  cock  pheasant  or  mallard
at 45 yards when using otmce of No. 7 shot. Beyond this range
a  hit  would  be  a  fluke  unless  a  more  closely  bored  gun  were  used.
These  birds  should  both  be  killed  with  greater  certainty  when  using
either the standard load of ounces of No. 6 or the low-velocity
load  of  i j  ounces  of  either  Nos.  4  or  4J  in  a  quarter  choke  gun,  as
all these three loads would give a bigger margin of density with superior
penetration.
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one can or  not  at  all.  Nor  is  it  a  fact  that  filling a  bird
with shot is due to a heavy choke, as is frequently asserted.
An improved cylinder is quite capable of putting far too
many pellets of No. 7 into a bird at 20 yards, and very
often does.

Taking all things into consideration, I am inclined
to the belief that a smaller size of shot than No. 6 confers
no possible advantage in range or killing power in the case
of any bird the size of a partridge or larger, while it may
cause wounded birds at long range owing to lack of
penetration, and it will certainly result in plastered birds
at close range.

For birds smaller than a partridge, such as woodcock,
teal  and  golden  plover.  No.  7  is  undoubtedly  a  most
excellent size. And if the Table of minimum necessary
patterns is consulted it will be reahsed that No, 8 is
essential  for  snipe  unless  kills  at  40  yards  are  to  become
flukes rather than certainties. The density of pattern
necessary for snipe will explain how easily one of these
birds can be missed by its flying through the pattern when
larger sizes of shot are being used.

For all-round shooting at partridge, grouse, pheasants
and duck, it is doubtful whether there is any practical
difference between Nos. 6, 5| and 5 when using the
standard load. In any case the result obtained must
always be a compromise between loss of pattern and loss
of penetration ; with No. 6 penetration fades out more
nearly after pattern than with Nos. 5I or 5, On the
other hand, the pattern given by No. 5 tends to become
rather too open for the smaller birds in an improved
cylinder gun at 40 yards. It is probable that No. 6
comes nearest to the ideal I have previously suggested,
that is, of penetration being retained for 5 yards beyond
pattern. The shooter with an experimental turn of mind
can  plate  his  guns  with  all  three  sizes  and  see  if  there  is
any noticeable superiority in regularity of pattern given
by  any  one  size.  If  there  is,  that  is  the  size  to  use.  If
there is not, and he cannot make up his mind, he had
better toss up.
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Larger sizes than No. 5 are, I think, a mistake in an
ordinary 2|-inch 12-bore cartridge loaded with the stan-
dard  load  owing  to  the  comparatively  few  pellets  in  the
charge and the resulting loss in pattern density.

If larger sizes of shot than No. 5 are considered
necessary the low-velocity principle of loading should
undoubtedly be adopted or Maximum cartridges used.
The low-velocity load and No. 4 is perfectly deadly for
rabbits and hares, and I am quite certain cannot be
bettered for these animals, especially hares.

For very large birds, such as geese, a low-velocity
load of No. I can be very effective, but the range must be
limited in an ordinary 12-bore, although it is probable
that one of these would account for nearly as many
geese as a larger gun in the course of a season provided
shots were only taken at individual flying birds. The
difficulty  of  forward  allowance  at  60  yards  and  over  can
become so terrific that the percentage of kills to shots
fired at these ranges will usually be very small, except in
the case of the shooter who can combine exceptional skill
with long experience.

The shooter who is really interested in trying to evolve
the most satisfactory load for some special type of
shooting (e.g. geese, Himalayan snow cock or Monal
pheasant) will find aU the necessary data in the various
Tables given in Volume II and the present volume. He
should, however, remember that just as the low velocity
principle is in every way preferable for large shot, so is
large shot essential for the low-velocity principle.^

^  I  will  give  one  example  to  indicate  the  general  procedure  which
can be adopted.

Suppose it is desired to ascertain the best possible load to use
for  Monal  pheasant  in  an  ordinary  2^-inch  12-bore  game  gun  bored
quarter  choke  in  the  right  barrel  and  half  choke  in  the  left.

Monal fly very fast, and long shots are the rule rather than the
exception,  so  we  must  look  for  a  killing  pattern  up  to  50  yards,  but
place this range as the extreme limit for practical purposes owing to
the enormous difficulties presented b y more distant shots due to the
extra forward allowance which must always be necessary. Monal are
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But whatever shot charge is regarded as beiug most
suitable,  it  must  always  be  remembered  that  small  shot
sizes and light shot charges go together just as do large
sizes  and heavy charges.  The purpose of  a  heavy charge
is to increase the effective range by maintaining density
of pattern. But it is equally essential to maintain
adequate penetration for long range, and this can only be
done by using large shot. If, on the other hand, the size
of the gun demands a light shot charge it must be
realised that a killing pattern at long ranges is an impossi-
bility,  and  it  is  better  to  concentrate  on  the  normal
sporting ranges and select a shot size which gives the
best patterns and penetration at these distances.

There is one further point in connection with the
sizes of shot which is worthy of mention.

It has been seen on numerous occasions that the
different sizes of shot retain their velocities to different
degrees, and that their times of flight over any given

also  very  tough,  so  the  maximum  penetration  is  required.  For  this
reason the low-velocity principle should be adopted.

The average weight of a cock Monal is 5 lb. Therefore working
220

with the formula given on page 97 we find that the minimum

necessary  pattern  is  44.  This  is  to  be  the  pattern  at  50  yards  which
we  see  from  Table  I X  on  page  82  is  67  per  cent,  of  the  40-yards
pattern.  Hence  the  necessary  pattern  at  40  yards  is  66.  The  right
barrel  is  quarter  choke,  so  we  turn  to  Table  IV  on  page  38  and  see
that the largest size of shot which gives this pattern or over with
a  charge  of  i j  ounces  is  No.  i.

So  the  load  we  want  is  30  grains  of  a  33-grain  powder  such  as
Smokeless Diamond .md ounces of No. i shot.

In order to satisfy ourselves that the penetration at 50 yards is
sufficient, let us turn to Table X X X I V in Volume II, when we find
that the pellet energy of No. i shot fired with an observed velocity
of 950 f.s. is 3-28 ft.-lb. at 50 yards «md 2-48 ft.-lb. at 60 yards. These
values  are  about  the  same  as  the  pellet  energy  of  a  standard  load
of No. 6 at 15 and 23 yards respectively, as can be seen from Table
X X X V I in Volume II. W e can be quite confident that the pellets
of No. 6 from a standard load will penetrate a Monal at under 25 yards
and  so  any  doubts  as  to  the  efficiency  of  the  load  evolved  can  be  set
at rest.
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range are consequently different. The question will not
unnaturally arise whether this difference in the time of
flight is sufficient to cause any noticeable change in the
forward allowance.

It  can  be  stated  quite  definitely  that  it  is  not.
But let us take an extreme'^case as an example, and

suppose  that  we  have  cartridges  loaded  to  develop
standard ballistics, but some containing No. 9 shot, and
the others BB. At 40 yards the forward allowance for a
bird crossing at  40 m.p.h.  will  be  9  feet  for  the  No.  9  and
8 feet for the BB, while the allowances for all intermediate
sizes will lie between these two extreme values. A differ-
ence  in  forward  allowance  of  i  foot  in  3  yards  is  too
small to make any practical effect at 40 yards, and at
shorter ranges the difference would be less.

In conclusion, I would emphasise again the impor-
tance of the psychological factor. If any shooter is
satisfied with the load and shot size he is using, and has
confidence in them, he wquld be mistaken to change.
Confidence in one’s guns and cartridges is as important
as swing and footwork.



C H A P T E R  X

COMPARATIVE MERITS OF DIFFERENT
BORES

H
i t h e r t o  whenever a particular cartridge has

been taken as  an example  of  any sort,  the  ordi-
nary 2^-inch 12-bore cartridge has invariably

been selected. As has been explained, this was partly
because this cartridge is the length and bore by far and
away the most commonly used by British sportsmen, and
partly because it happens to be of a most convenient size
for accommodating various combinations of powder and
shot which differ from the standard load, but which give
satisfactory results. But although the 12-bore is the
most common size of gun in general use, it is by no means
universal. Similarly, just as guns differ in their bores, so
do cartridges in their lengths. AU these different sizes
of guns and cartridges have their admirers; and it is,
therefore, but natural that many shooters should be
perplexed as to the relative merits of the different bores
and wonder whether a 20-bore, for example, reaUy is as
effective as a 12-bore, as is not infrequently claimed.
A 20-bore is considerably lighter than a 12, and if it can
do all that is asked of the larger gun its superiority is
self-evident. Consequently the question of the compara-
tive powers of different bores is one of the greatest
practical interest and importance.

In ordinary shooting the guns usually seen are 12-bores,
16-bores and 20-bores, all of which are chambered for
2|-inch cartridges. Clay target and pigeon shots gener-
ally prefer 12-bores chambered for the 2|-inch cartridge,
while wildfowlers use 12-bores taking 3-inch cartridges
and lo-bores chambered for 2f-inch and 3-inch cartridges.
There are, of course, other sizes : 4-bores and 8-bores for
wildfowling ;  ”  Magnum ”  i6 ’s  and 20’s— that  is  guns of
these gauges chambered for cases longer than the usual
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inches; 28-bores and even *4io’s, but a detailed
consideration of each is unnecessary for our purpose,
which is to determine general principles for comparing
the relative powers of different bores.

Now the power of a gun is really governed by the
limit of its effective range. It is quite possible for two
guns of different sizes to be equally effective at 20 yards
from the point of view of killing a single bird. The bird
will be killed by both, and the fact that it was shot with a
bigger  gim  does  not  make  it  any  more  dead  than  if  it
had been shot with the smaller. But what about 40 yards
and  50  yards  ?  Will  the  bird  be  killed  with  equal  cer-
tainty by both grms at these ranges ? It is the answer to
this question which determines which of the two guns is
the more powerful.

The limit of effective range is dependent, as we have
seen, on pattern and penetration. Pattern is governed by
the type of boring used and the number of pellets in the
shot charge: penetration by the initial velocity of the
shot charge and the size of the individual pellets. The
velocity developed by the standard load is approximately
the same for all gauges and lengths of case, the larger
bores generally giving somewhat higher velocities than the
smaller. But in order to prevent anything in the nature
of favouritism of the larger bores, let us assume that the
velocity is the same for all. Then in order to make our
comparison fair we must also assume the same type of
boring for all the guns considered, since it is clearly illogical
to compare the results given by a fuU choke with those of
an improved cyhnder. If these two factors are constant
the only variables in the different guns will be the weights
of the shot charges, since the powder is utilised merely to
propel the shot.

It has already been explained that any type of boring
gives a pattern of approximately the same percentage
of the total charge, irrespective of the size of bore. So
the pattern at any range wiU depend on the amount
of  shot  there  was  in  the  cartridge  in  the  first  place;  in
other words, on the weight of the shot charge.
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From this it should be quite clear that the only way
of comparing the effective powers of different sizes of guns
is by making a comparison of the weights of the shot
charges which they fire.

Let us take the ordinary 2j-inch 12- and 16-bores
by way of an illustration. The standard charge of the
former is i-iV ounces and that of the latter J ounce. If
No. 5 shot is used in each gun the shot charge of the
12-bore will contain 234 pellets, and that of the 16-bore
193. And if both guns are bored quarter choke the
former will give a pattern of 129 at 40 yards and the latter
a pattern of 106, which means that the 12-bore gives a
minimum effective pattern for a partridge or grouse, but
that the 16-bore does not.

The density of the pattern, however, can be increased
by decreasing the size of the shot; and if No. 6 is sub-
stituted for No. 5 in the 16-bore there will be 236 pellets
in  the  charge  of  |  ounce,  and  the  40-yards  pattern  will
be 130. This is identical with the 12-bore pattern as
regards density; but it must be remembered that the
12-bore pattern is obtained with No. 5 shot and the 16-bore
with No. 6. At 40 yards the striking energies of pellets of
No. 5 and No. 6 are i-85 and 1*40 ft.-lb. when both sizes
are propelled with the standard velocity. So the superior
efficiency of the 12-bore is obvious.

Now let us consider a 20-bore. Here the standard
shot charge is but | ounce, and so we must go down to
No. 7 shot before we can get the same density of
pattern with a quarter choke, and at 40 yards the
striking energy of a pellet of No. 7 is but i-oi ft.-lb.,
which means that the 20-bore gives a correspondingly
less effective pattern than either the 16-bore or the
12-bore.

But if small birds, such as snipe or quail, are expected
to figure in the bag No. 7 will probably be regarded as
necessary in the 12-bore, which would mean having to go
down  to  No.  8  in  the  16-bore  and  No.  9  in  the  20-bore  if
the  pattern  density  is  not  to  be  weakened  at  40  yards.
The difference in penetration at this range of pellets of
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Nos. 7, 8 and 9 is so obvious that the point needs no
further stressing.

From this it will be clear that something else must be
done besides var5dng the shot size if the smaller bores are
to hold their own with the 12, and the only possibility is
in the boring. A full-choke 16-bore will give a pattern
of 135 with the standard charge of No. 5 shot, which is
practically the same as that given by the quarter choke
12-bore.

But in the case of the 20-bore even a full choke will
not bring it up to the level of the 12-bore, and we must
use No. instead of No. 5 in order to get a pattern of
126. The difference in striking energies of a pellet of
No.  and  one  of  No.  5  is  admittedly  not  g reat:  but
still it exists, and cannot be ignored.

If  we use  No.  6  shot  in  all  three  guns it  will  be  found
that practically identical patterns will be given by an
improved cylinder 12-bore ; a half-choke 16-bore ; and
a full-choke 20-bore. And if the three sizes of guns are
bored with these different degrees of choke their effective
ranges are the same.

Such comparisons, however, cannot by any stretch of
imagination be considered fair. The more choke there is
in a gun the more difficult it is to take near shots. And if
the shooter is so skilful that he does not feel the handicap
of a full choke— and there are very few who would not
be handicapped at driven partridges and rabbits in
covert, for example— he could use a full choke 12-bore,
which would at once increase his effective range beyond
the hmits possible with either a 16- or 20-bore.

So we return to the fact that the only true comparison
of the powers of different guns is that given by comparing
the weights of their standard shot charges. Working on
this plan, and taking the 2|-inch 12-bore firing i-iV ounces
of shot as 100, it will be found that the relative powers of
the various guns mentioned at the beginning of this
chapter  prove  to  be  :

lo-bore  3-inch  . . . . .  141
„  2 | - i n c h ....................................... 135
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i2-bore 3-inch . 124
„ 2|-inch . 118
„ 2j-inch (ii*f oz.) . 100
„  „  (i  oz.)  . - 94
„ 2-inch . 82

16-bore 2j-inch . 82
20-bore 2j-inch • 71
28-bore 2|-inch • 59

These figures may come as a surprise to many, but
they give a true comparison between the different sizes
of guns when both shot size and boring are constant, and
these are the only conditions under which an absolutely
fair  comparison  can  be  made.

The great advantage of a large bore is that it enables
one to increase the size of shot, and so obtain better
penetration at long range, without incurring any loss in
density of pattern. And this is an advantage which
should never be forgotten, especially when long shots are
essential to success.

It is, however, but fair to point out that the advan-
tages  of  a  larger  bore  only  begin  to  make  themselves  felt
near the limit of the effective range. A larger gun,
taking a heavier shot charge, extends this limit to a greater
distance. For aU ordinary shooting— especially at driven
game where the majority of shots are probably nearer
20  yards  than  30,  and  where  30  yards  is  a  long  shot—
there is nothing to choose between the 12-bore and the
16,  while  the  lack  of  power  accompanying  the  20-bore  is
so slight as to be almost negligible. But directly long
shots become necessary the gun firing the heavier shot
charge will immediately begin to show its superiority :
and the greater the weight of the shot charge the more
marked will that superiority be.

But we now come to a very important point which
should certainly be the governing factor in the selection
of any particular size of gun. Hitherto we have con-
sidered power alone. Power, however, is useless without
ability to use i t ; and a large bore can easily be so heavy
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that few shooters could handle it effectively in the field.
Such  a  gun  would,  in  practice,  be  useless  be  it  ever  so
effective at extreme ranges. Trying to shoot with too
heavy a gun is exactly like trying to throw a fly with too
heavy a rod. Such a rod can be master of the angler,
whereas the angler should be master of the rod. To use
a gun effectively the shooter must be master of his weapon.

It is impossible to lay down any definite limit to the
weight which any shooter can use effectively, as this
weight must naturally vary with individual strength,
physique and age. It is, however, a safe rule always to
use a  gun well  within one’s  strength rather  than near  the
limit, as allowances must be made for fatigue towards the
end  of  a  long  day,  tr5dng  weather,  and  heavy  walking.
A  gun  which  feels  light  in  a  gunmaker’s  shop,  or  at  the
shooting ground, can become wondrous heavy at the end
of  a  long  day’s  walking,  through  roots,  heather  or  mud
under a hot sun. And bne’s shooting is incHned to suffer
in consequence. For this reason a gun the least bit beyond
one's strength is fatal fqr ordinary all-round shooting.

As a general rule, I vkpuld fix 6| lb. as about the limit
of weight for a gun foir an average man for general
shooting which entails a good bit of walking. And the
marked tendency to lighter guns which is the chief feature
of gunmaking since igaq shows that the great majority
of sportsmen are in agreement with this view. Every
ounce below this weight is an advantage until the point
is reached when recoil is increased by the reduction in
weight to such an extent that it becomes more unpleasant
than a slightly heavier gun. This point will also vary
with  the  individual;  but  for  the  standard  12-bore  load
it is generally reached when the weight drops to between
6  lb.  6  oz.  and  6  lb.  4  oz.,  or  6  lb.  if  an  ounce  charge  of
shot is used.

For a young boy in his early teens there can be no
more fatal mistake than too heavy a gim, and it is always
better to “ under gun ” a boy rather than to " over gun ”
him. Incidentally, it will help to teach him among other
things not to take long shots.
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There  are  men  who  find  a  gun  of  6  to  lb.  a  bit  on
the heavy side. Such should not hesitate, but take to a
2- inch i2-bore, a i6-bore or a 20-bore. They will find
their shooting improve for all ordinary shots and this
should more than compensate the loss in extreme range
which must accompany the change to a smaller gun.

There now remains the question of the " Magnum ”
gun. By this I mean a gun chambered to take a longer
cartridge than the standard length for any particular
bore, which enables a heavier shot charge to be used.
These charges are frequently of the same weight as those
normally fired by guns chambered for standard cartridges
one or two sizes larger in gauge. For instance, the
standard length of British cartridge for a 12-bore is a
nominal 2| inches, but a 12-bore chambered to take
3- inch cartridges fires a shot charge of the same weight as
a lo-bore. Similarly, a 3-inch 16-bore fires a standard
12-bore charge, and a 3-inch 20-bore a standard 16-bore
charge.

These Magnums offer no advantage in reduction in
weight since the weight of the gun is governed by recoil,
and therefore by the weight of the shot charge which it
fires. A gun which fires It*? ounce of shot cannot be
built lighter than a certain weight irrespective of the
gauge of its barrels ; and consequently a 3-inch 16-bore
should weigh exactly the same as a 2|-inch 12-bore, and
a 3-inch 20-bore the same as a 2j-inch 16-bore.

Further, so far from there being no palpable advantage
in these Magnums there is a pronounced disadvantage, for
the smaller diameter of the bore means a column of shot
in the cartridge and barrel which is longer in proportion
to its diameter. And we have seen in Volume II that a
long shot column tends to increase pressure, while high
pressmres  help  to  spoil  pattern  as  well  as  throwing  an
extra strain on the action.

It is not easy to understand the purpose of these
Magnums, since they confer no benefit in weight and
merely raise the pressure. Even what may be called
“ Semi-Magnums ”— that is guns such as 2|-inch 16- and
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20-bores— ŵould seem to be superfluous. The charge
in a 2|-inch 16-bore can be fired just as effectively— in
fact more so, as the pressure is lower— in a 12-bore ; and
the 2|-inch 20-bore charge will be handled more com-
fortably in an ordinary 16-bore.

If the greatest degree of efficiency is to be obtained
the weight of the shot charge and the diameter of the bore
should mutually be suited so that the resulting velocity
is satisfactory; the patterns the best possible with all
types of boring; and the pressure sufficiently high to
ensure regular velocity and pattern, but not a fraction
of a ton higher than necessary. If the diameter of the
shot column is too small in proportion to its length, the
pressures will be high ; if the length of the shot column
is too small in proportion to its diameter, the pressures
will tend to be too low and irregular. The standard
weights of shot charges are the outcome of long experience
and indicate the approximate relationship between the
diameter and length of the shot column which best
combines pressure, velocity and pattern.

The 2-inch 12-bore is a departure from this standard
in the opposite direction. It was originally introduced as
an alternative to the 20-bore and fired the standard
2^-inch 20-bore shot charge of f ounce, its purpose being
to eliminate the danger caused by the accidental inter-
mingling of 12- and 20-bore cartridges, which is dealt
with at length in Chapter XVII. But experience proved
that this shot charge was too light. The ratio of the
diameter to length was too great and it was difficult to
obtain satisfactory ballistics. So the shot charge was in-
creased to the standard 2|-inch 16-bore weight of | ounce.
But even with this weight the diameter-length ratio
is a bit too high and the pressures usually tend to be very
low. This is sometimes thought to be an advantage
and an indication of optimum efficiency, since an adequate
velocity is obtained for a lower pressure than usual.
But if the pressure drops too low the combustion of the
powder is affected and may become incomplete when the
results can be very unsatisfactory. In order to give
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optimum  ballistics  a  special  powder  would  have  to  be
designed and this has not been done. One result of the
low ballistics is to be found in the patterns, which fre-
quently tend to be abnormally close for any given boring.

It would seem, therefore, that the best principle to
adopt for selecting the most suitable bore is to be guided
by the weight of shot charge which it is desired to fire.
This, as has been explained on many occasions, controls
also the approximate weight of the gun. If a shooter
wants to limit the weight of his gun to 6 lb. 4 oz., he must
be content with an ounce charge ; and an ounce of shot
is  vmdoubtedly  handled  better  by  a  12-bore  than  by  a
16-bore or 20-bore.

As a matter of fact, an ounce of shot probably makes
as short a shot column as a 12-bore can -carry to the
greatest advantage, and a charge of between i ounce and

ounces is, perhaps, the best for a 12-bore. It is
possible that a 14-bore might handle an ounce charge
best of a ll : but the theoretical advantages of the 14-bore
are entirely outweighed by the practical disadvantages
in using a gun which takes a size of cartridge which is so
rare,  and  supplies  of  which  would  always  have  to  be
ordered specially. A 12-bore handles an ounce charge well
enough, and certainly better than a 16- or smaller bore.

There are two exceptions to this question of Mag-
nums which should be made : the 2f-inch and 3-inch
12-bore. The former because it takes a charge of but
i j ounces which only just exceeds, if it does exceed,
the high limit for the most suitable shot charge for a
12-bore. The latter because it is a gun which was born
of necessity. For there are countries in which larger
bores than twelve are forbidden by law. But wildfowlers
frequently need heavier shot charges than can possibly
be carried even in a 2|-inch 12-bore, and the 3-inch
12-bore is the result. But even so it is probable that the
shot charge fired in these guns could be handled more
suitably in a lo-bore, which would be no heavier, since
the weight of the gun is controlled by that of the shot
charge.
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Magnum 12’s, i6 ’s and 20’s are much used in America ;
but it is probable that their use is the outcome of some-
what different conditions of sport. The most usual length
of 12-bore cartridge in America is 2| inches; guns
chambered for this cartridge are quite rightly popular for
wildfowl shooting ; and since shooting at driven game on
the scale practised in England is unknown the 2|-inch
12-bore has become the standard in that gauge. But
for small birds such as quail these guns are unnecessarily
heavy, and smaller bores are the natural outcome. It is
also natural that these smaller bores should be designed
on the same general lines as the standard 12-bore, which
explains what may be termed the " magnum attitude.”

In Great Britain shooting at driven game has evolved
the modern light 12-bore, which experience has shown
to be perfectly effective up to 40, 45 and even 50 yards
with suitable loads. And it is an undisputable fact that
a gun weighing from to lb. and firing from i to
ounces of shot is the most generally effective gun for all-
round  shooting  at  game  birds  from  snipe  and  quail  to
duck and pheasants, especially when the question of the
weight of the gun is taken into consideration. And
there can be no doubt that baUisticaUy a 12-bore is the
best gauge for this combination.

The only advantage of the Magnum principle which
can seriously be put forward is the benefit conferred to
aiming— either conscious or unconscious— owing to the
barrels being of smaller diameter than those of a 12-bore.
But is this advantage real ? The approximate difference
in width of barrels is but 0-15 inch in the case of 12- and
16-bores, which would seem to be too small a dimension
to make any difference one way or the other. The
barrels  of  a  20-bore  are  but  about  a  quarter  of  an  inch
narrower than those of a 12. This is a bigger difference ;
and it is admittedly noticeable. Yet is it sufficiently
noticeable to counterbalance the disadvantage of high
pressure ? This is a question which every shooter must
decide for himself. I am sure, however, that nine gun-
makers out of ten would recommend a 12-bore in prefer-

H
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ence to a 20 for an ounce charge of sh ot; eind gunmakers
can be a most admirable guide in such matters, since
they depend for their existence on satisfied customers.

Sportsmen should reahse that from 40 to 50 yards is,
in practice, the effective hmit of range for shooting at
fast flying individual birds ; that they will shoot better
with a gun which is well within their strength; and
that it is, accordingly, a mistake to cumber themselves
with  heavy  guns  which  they  may  not  be  able  to  use  to
full advantage.

The  average  weights  for  different  sizes  of  gvms  are
given in the following Table.

T A B L E  X X V i n

W e i g h t s o f  D i f f e r e n t  S i z e s o f  G u n s

Bore. Length of Cartridge. Weight of Double-Barrelled Gun.

4 4 and 4 I inches 19 lb. to 22 lb.
8 All lengths 13 lb. to 15 lb.

10 >> 8J lb. to lb.
12 3-inch 7  lb.  12  oz.  to  8  lb.
12 2f-inch 7  lb.  2  oz.  to  7  lb.  8  oz.
12 2i-inch 6  lb.  to  6  lb.  8  oz.
12 2-inch 5  lb.  6  oz.  to  5  lb.  12  oz.
16 3-inch 6 lb. 4 oz. to 6 lb. 8 oz.
16 2f-inch 6  lb.  to  6  lb.  4  oz.
16 2j-inch 5 lb. 12 oz. to 6 lb. 4 oz.
20 3-inch 6 lb. 2 oz. to 6 lb. 6 oz.
20 2j-inch 5 lb. 12 oz. to 6 lb.
20 2i-inch 5  lb.  8  oz.  to  5  lb.  10  oz.
28 2j-inch 5  lb.  2  oz.  to  5  lb.  8  oz.

•410 2|-inch 4 lb. 6 oz. to 4 lb. 12 oz.

The weights given are those within which guns are
normally  built,  and  in  no  case  should  lighter  guns  be
ordered unless the barrels and stock are both abnormally
short. For the length of the stock must obviously affect
the  weight,  and  the  limits  given  in  the  Table  permit
variations in weight due to the length of stock and
barrel.

In the case of the larger bores the weights will also
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vary according to the length of case for which the gun
is chambered.

It will be noticed that the 3-inch 16- and 20-bores
are not made as light as 12-bores. The reason for
this is the high pressures generated in these Magnum
cartridges which render strong actions necessary. And
the same applies, but in a less degree, to the 2|-inch
16- and 20-bores.
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CHOICE  OF  ACTION  AND  BARREL  LENGTH

WE have now reached a point when we can return
to the actual gun itself, which was left at the
end of Volume I. The whole of Volume II,

and the preceding chapters of the present volume, have
been intended to lead the reader up to this point; the
actual choice and purchase of a gun or pair of guns. We
wiU, at first, leave the question of price on one side and
consider only the quahties which should be possessed by
the perfect gun. Having done this the reader will be
able to judge for himself which of these qualities he can
discard in order to meet whatever restrictions may be
imposed  by  his  purse.

The whole question of actions and their respective
merits was dealt with fully in Volume I, so it only remains
to see what details the would-be purchaser should study
when examining any particular make of gun with a view
to buying it, or placing an order for a similar gun or pair.

Such details are the following ;
(i) Ea s e o f  Ope n i n g , This is one of the most

important, as on it depends to a great extent the degree
of quickness with which it is possible to re-load. A gun
which opens stiffly is an abomination, and a really efficient
“ self opener ” is a joy to use and handle. When testing
a gun for ease of opening be sure that both barrels have
been  fired.  Most  guns  wiU  open  by  the  weight  of  the
barrels if neither lock has been fired, while the majority
of  guns  wiU  open  much  more  easily  when  one  lock  only
has been fired. It is, therefore, essential that the test
should be made when both locks have been snapped off
against snap caps.

(2) E a s e o f  Cl o s in g .  To my  mind  this  is  as  impor-
tant as ease in opening, and the effort required for opening
and closing a gun should be balanced evenly between the
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two operations. Here again the test should be made
after both locks have been fired so as to make sure that
every spring is being compressed which can possibly be
compressed.

(3) Dr o p o f  Ba r r e l s . B y this is meant the extent
to which the barrels fall when the gun is opened. A
wide “ drop ” or " gape ” is a great advantage in quick
loading,  and  a  gun  in  which  the  barrels  only  drop  just
sufficiently to allow a cartridge to be slipped in over
the top of the action should be avoided if possible.

Incidentally, a wide drop usually means that the
gun is easy to open or close, as the greater the angle
through which the barrels move, the more the work
of compressing springs can be distributed, which means
that the actual effort needed for the compression is
reduced.

(4)  E a s e o f  Lo a d in g . Ease of loading is a very
important point, and it depends on the presence or
absence of a top extension as well as on the extent of
the drop of the barrels. Some top extensions are very
clumsy and interfere appreciably with the work of loading.
So this is a point which should not be forgotten, and the
sportsman should try to form his own opinion and avoid
being influenced unduly by a salesman who wants to sell
a particular gun.

(5) E a s e o f  Pu t t i n g  Gu n  To g e t h e r . Some guns
are much more easily put together than others, and this
is by no means an unimportant point to which attention
ought to -be paid. For a gun which is difficult to put
together will almost certainly suffer from burrs and bruises
in  course  of  time  ;  and  these  wiU  add  to  the  difficulty  of
assembling as well as detract from the appearance and
second-hand value.

As a general rule, the absence of a cocking cam
increases the ease with which a gun can be put together.

It should be remembered that new guns are almost
always rather stiff to put together, open, or close. But
this stiffness soon wears off. And for purposes of testing
it is better to experiment with an old gun of the same type
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in which no difficulty can possibly be attributed to its
being new.

(6) Re mo v a l o f  Fo r e-e n d . The fore-end should be
capable of being easily removed at all times. In some
actions  it  is  quite  difficult  to  take  the  fore-end  off  when
the locks have been fired because the mainsprings are
pressing the front ends of the cocking levers against the
fore-end and so holding it against the barrels. A fore-end
should fit tightly to the barrels, but this tightness should
be provided by the proper attachment and not by the
cocking levers. This may seem a very trifling point, but
the reader must remember that an occasion may arise
when it becomes imperative to remove the fore-end after
the gun has been fired and before it can be opened.
Such an occasion may be due to a faulty cartridge-case,
and is admittedly a rare occurrence. But when something
of  the  sort  does  happen  it  is  a  great  help  to  be  able  to
remove the fore-end without having to prize it off with a
turn-screw, or similar tool, which will almost inevitably
mark the wood, and perhaps the metal as well.

Similarly, the fore-end should be capable of being
removed when the gun is in the open position. It is
extremely useful to be able to do this should the head of a
cartridge over-ride the extractor and get between the
extractor and the barrel. When this occurs it is not pos-
sible either to close the gun or remove the cartridge-case
in the ordinary way ; and frequently the easiest method
of taking out the cartridge is to take off the fore-end,
unhook the barrels, take out the stop-pin and release the
extractor. The cartridge can then be pushed or pulled
out without any risk of bruising any metal. The opera-
tion sounds complicated, but it is really extremely quick
and simple. In order to carry it out, however, it is
essential that the shooter should be able to remove his
fore-end without undue difficulty.

Accidents  such  as  this  may  never  occur  :  but  when
they do occur it is an enormous convenience to be able to
deal with them expeditiously in the proper manner, and
consequently it is always advisable to test the ease with
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which the fore-end can be taken off when the giui is open
as well as closed.

Further instructions for dealing with such a contre-
temps will  be  found  in  Chapter  XIV.

(7) Re mo v a l o f  Lo c k s . Except  in  the  case  of  the
Westley Richeirds hand-detachable locks the locks in a
box lock action cannot be removed by the ordinary
shooter. Side locks, however, can be quite easily taken
off by those who are competent to use a tumscrew,
although the procedure is not to be recommended as a
habit, even for the more experienced amateur gunsmith.
But there are times when it is certainly advantageous to
be  able  to  take  the  locks  off,  and  consequently  it  is  an
advantage to have a gun fitted with locks which are not
too difficult to replace. Most side locks are very easily
removed : but they are by no means so easily put back.
In some actions the locks must be put back at full cock,
while in others the cocking levers must be held in a certain
position before the locks will slip into position. The
whole question of the removal of locks will be dealt with
in Chapter XIV, but the ease with which they can be
taken off and put back is a point which deserves attention
when choosing a gun. It is admittedly a minor point, but
the simpler the operation is the less the risk of damaging
the locks, and so the possibility of having to remove the
locks should not be forgotten.

(8) So l id  K n u c k l e . Some designs of actions have
a more solid knuckle than others. This is an advantage
in wet weather, as moisture works its way down between
the fore-end and the barrels and into the action through
the slots for the cocking levers. Consequently actions
in which there are no such slots, or in which the slots are
very small, have an advantage over those in which the
slots are large.

Nevertheless I am inclined to doubt whether this
advantage is really quite as great as those gunmakers
whose actions have solid knuckles will declare. A solid
knuckle undoubtedly eliminates one of the chief points
of entry for wet into the action, but it is by no means
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the only point of entry, for moisture certainly gets in
past the action bolt. Further, the very fact that there
are slots in the knuckle enable the moisture to dry out
more readily, as will be seen in the chapter dealing with
the  care  and  cleaning  of  guns.

I think that the truth probably is that a solid knuckle
is an advantage in the case of the man who takes no
proper care of his gun, or who leaves the cleaning of his
gun to some inexperienced servant. But the man who
takes a real pride in his weapons and either cleans them
himself, or else superintends the cleaning, will find no
practical benefit in a solid knuckle.

(9) Sh a r p Pr o j e c t i o n s . The actions of some guns
carry sharp projections which can easily cut or tear the
hand. Such cuts may not be serious ; but they can be
both annoying and painful, and should be quite unneces-
sary. So attention should be paid to this detail, trivial
though it may appear.

I do not believe that any make of action embodies
every single advantage which has been enumerated.
But some go very nearly all  the way, and in any case the
first six points are undoubtedly far the most important.

LE N GTH OF B A R R E L S

The next point to consider is the length to be adopted
for the barrels. For many years the barrels of an ordi-
nary 12-bore have almost always been made from 28 to
30 inches long ; but some years ago there was a revival
of the controversy as to what is the best length. There
is but one possible answer to this question : there is no
general best length for shotgun barrels, and the best
length for an individual shooter to select is the length
with  which  he  finds  he  can  shoot  best.

Very short barrels of 25 inches for 12-bores have
always had their admirers, and there is nothing new in
their  use.  In  his Modern Breech-Loaders (page  68)  the
late Mr. W. W. Greener wrote of barrel lengths and stated
that “ some gentlemen will not have them longer than
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twenty-four inches ” ; but he went on to add “ we think
it unwise to shorten a barrel more than to twenty-six
inches." This was in 1870, so it will be seen that the
controversy was not new seventy-five years ago ; and
ever  since  it  has  been  revived  from  time  to  time  in  the
pages of the sporting press. But-although short barrels
have always had their supporters they never became
generally popular, and it is only in recent years that they
have been made in appreciable numbers.

The reason almost invariably advanced to explain
the  failure  of  short  barrels  to  become  generally  popular
in the past is that the powder of those days was not so
" quick " as the modern powders and consequently it is
only in recent times that short barrels have become as
effective as long. This explanation, however, is quite
inaccurate. In the first place the actual loss in velocity
due to a reduction of barrel length from 30 to 25 inches
was not sufficient even with the standard loads of black
powder to make any practical difference in penetration
at sporting ranges. Further, if the demand for short
barrels had become pronoimced it would have been easy
to  use  a  finer  grain  powder  which  would  burn  more
rapidly.

The real explanation is entirely the matter of recoil.
The primary object of reducing the length of barrels

below 28 inches has been, and is, to enable the gunmaker
to build a lighter gun. The weight of the gun, however,
as has been seen in Volume II, is fixed within certain
limits by recoil.  Black powder produces a heavier recoil
than smokeless powders ; and in the days of black powder
the shot charge was i j ounces. Such a combination
rendered a featherweight gun impossible except for the
rare, but happy, individual who was seemingly immune
to recoil. Such men frequently did use light guns with
short barrels; but they were the exception.

A gradual reduction in recoil has been brought about
by the change from black powder to 42-grain bulk
smokeless powders, and then to 33-grain powders, with
corresponding reductions in the shot charge from to

H*
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itV, and finally to i ounce. It is this reduction in recoil
that has alone rendered possible the more universal
adoption of light guns, and guns have been coming down
in weight steadily during the past forty years. At last
a point was reached beyond which many grmmaJcers
would not go in reducing the weights of their actions,
for a light action can never be so strong or so rigid as a
heavier one. The demand for light guns, however, grew
and the length of barrels provided an obvious starting-
point for further reductions in weight, since it helped the
gunmaker to balance his guns better when they were built
with very light actions.

There can be no two opinions as to the joy of shooting
with a light gun, and the recent change to barrels shorter
than 28 inches which has been adopted by a number of
different gunmakers is the result of the competition to
meet the demand of sportsmen for light weapons. Final-
ity in barrel length, however, has not been reached ; and
there is undoubtedly a considerable divergence of opinion
as  to  the  limit  to  which  it  is  possible  to  go.  But  before
we come down to the question of actual lengths there are
two very important points which need consideration,
namely velocity and recoil.

Both these have been dealt with in detail in Volume II
and so it is only necessary to state again here that for aU
practical purposes of sport the velocity is not affected
sufficiently to make any difference in penetration, even
at long ranges.

Similarly, it has been shown that the reduction m
barrel length has no appreciable effect on recoil provided
the weight of the gun is kept constant. It had been
thought possible that the drop in muzzle velocity due to
shortening a barrel from 30 to 25 inches might cause a
helpful  reduction  in  the  recoil  developed,  even  though  it
was too slight to make any practical difference in striking
velocities at long range. If this were the case short
barrels would create a kind of automatic compensation
which would mean that a 25-inch barrelled gun could be
made lighter than one with 30-inch barrels Avithout



(A )  T h e t o p v i e w o f t h e  B u r s t  B a r r e l s w h i c h a r e s h o w n i n  P l a t e  X (A)
(B ) T h e t o p v i e w o f t h e  B u r s t  B a r r e l s w h i c h a r e s h o w n i n  P l a t e  X  ( B )

The similarity of these two bursts is  again pronounced ;  they have no resemblance to the typical obstructional burst,  such as is  shown in Plate VI.
In  both  cases  the  top  rib  is  straight,  and  there  is  no  suspicion  of  a  "  ring  bulge."  These  two  photographs  should  be  compared  with  that  given  in

Plate  VI  (A),  when  the  difference  in  the  general  type  of  burst  will  be  obvious

>
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increasing the recoil. Unfortunately, however, this per-
fectly  reasonable  theory  did  not  prove  correct,  and  the
reduction  in  recoil  accompanying  the  shortening  of  a
barrel is negligible provided the total weight of the gun
is kept constant.

So we come down to the fact that for all practical
purposes the penetration and recoil is the same in guns
of the same weight irrespective of their length of barrels.

The final weight of a gun must be governed by recoil,
but in spite of this obvious truth all sorts of arguments are
constantly being put forward to show that weight for
weight short barrelled guns give less recoil than those
fitted with longer barrels. It is stated, for instance, that
the recoil which is actually felt by the shooter cannot
be measured instrumentaUy. Now it is perfectly true
that recoil can be rendered much more noticeable by an
ill-fitting gun. But that is beside the point. And
although it may be impossible to measure instrumentaUy
the actual sensations which any individual feels as the
result  of  recoil,  there  can  be  no  getting  away  from  the
fact that instrumental measurements which indicate a
high recoU in one gun and a low recoil in another wiU
always be borne out by practical experience when the
guns are fired from the shoulder, provided both fit
equally weU.

Individuals  wiU  always  vary  in  their  powers  of
resistance to recoil, and those who are more immune than
others will be able to use lighter guns. But even so
there  must  always  be  a  limit  to  the  weight  of  the  gun,
and  in  nine  cases  out  of  ten  this  limit  wiU  be  placed  by
recoil rather than the actual safety of the weapon,
especiaUy if many shots are fired in rapid succession.

But the actual length of barrels can be influenced by
other factors which are quite independent of weight
and recoil, the two most important ones being barrel
flip and the inertia of the forward portion of the barrels.

The question of barrel flip was dealt with at length
in Volume I  (pages  223-7),  where it  was  pointed out  that
short barrels gave a different flip from longer ones, which
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difference, as a rule, tends to make a gun fitted with short
barrels shoot higher than long barrelled guns. The degree
to which any particular gun tends to shoot high or low
is always counteracted in actual practice by the bend
in the stock. Consequently a 25-inch barrelled gun will
almost certainly require more bend in the stock than a
gun with 30-inch barrels. For this reason a shooter should
never have the stock of a new gun with short barrels
built to the same measurements of his old guns with long
barrels, as if this were done he would shoot over the top
of his birds almost all the time. Similarly, it is a mistake
to fit a new pair of short barrels to the stock of a gun
which was originally used with long barrels, and there
can be no doubt that many disappointments with short
barrels have been caused by failure to appreciate this
fact.^

^  Mr.  E.  P.  Bernard  has  pointed  out  in  an  article  in Game and
Gun  (November, 1931) that a shooter’s eye will never be in exact
prolongation with the top rib of his gun when “ aiming " at a bird,
but will always be slightly above it. He will, therefore, obtain
a foreshortened view of the top rib. Mr. Bernard consequently
suggested that a short barrelled gun will always appear to shoot
higher than a long barrelled one because an extra degree of elevation
must  be  imparted  to  the  former  in  order  to  make  both  lengths  of
barrel appear to be the same foreshortened length.

This  will  be  understood  b y  referring  to  Fig.  27  (p.  243).  If  the
gim  represented  b y  A B  is  fitted  with  shorter  barrels,  B  will  occupy
a  position  in  the  line  E T  nearer  to  E ;  in  which  case  A B  will  have
extra elevation, and C will be further above T than the actual position
shown in the diagram.

This is undoubtedly true, but in practice the increase in elevation
due  to  this  cause  is  too  small  to  account  for  the  differencec  which
are  actually  obtained.  If  the  angle  of  elevation  given  to  the  30-inch
barrels is d, then  the  angle  must  be 0 X with 25-inch barrels.
If 6 is 30 minutes, then it will become 36 minutes when 25-inch
barrels  are  u sed;  and  this  would  meem  that  the  latter  gun  would
only shoot 2 | inches higher at 40 yards.

There  is  no  doubt  that  this  explanation  of  Mr.  Bernard’s  does
account for a proportion of the increase in elevation resulting from
the  change  to  short  barrels  from  lo n g ;  but  only  a  small  proportion
of  the  whole  change.  Further,  it  does  not  explain  w hy  a  similar
change is produced when over and under guns are used irrespective
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This natural tendency of short barrelled guns to shoot
higher than longer barrelled ones is frequently quoted
as a great advantage, but it is difficult to understand how
it can be either an advantage or a disadvantage. It is
perfectly true that the majority of misses at crossing
birds are probably low ; but this fault will not be corrected
by the length of barrel, as the gunmaker should, and does,
always fit his customer in the first instance so that the
latter places his charge centrally irrespective of the barrel
length.

It is towards the end of the day, when one is tired,
that one is inclined to shoot low; and if one shoots
correctly at the beginning of the day this tendency can
become equally evident with any length of barrel. It
is, however, a fact that the lighter the gun the less tired
one becomes; and consequently the longer the tendency to
shoot low is delayed. This, however, is due to the weight
of the gun rather than the length of barrels, although it
is true that short barrels do help to reduce the weight.
But in the case of guns of the same weight and different
barrel length it is extremely doubtful whether the shorter
barrels will be found to make any noticeable difference
in shooting high or low to a tired shooter, provided he can
normally control both lengths of barrel with equal ease.

For it is this question of the control of the barrels
which  is,  to  m y  mind,  the  real  crux  of  the  whole  problem
and which is dependent entirely on the inertia of the
forward portion of the barrels. When one swings one has
to overcome the forward inertia of the barrels, as was
explained in Volume I (pages 132 and 133). Some men
may find the reduction in the forward inertia of the barrels
an advantage, as they are then enabled to SAving more
quickly and with less effort; but others find it a distinct
disadvantage because they miss the steadying influence
imparted by that inertia, and they cannot control their

of their barrel length. There can be no question about the differences
in  flip  produced  by  the  adoption  of  short  barrels,  or  over  and  under
barrels; and flip is the only cause which appears to explain the whole
difference in every case.
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swing properly and cannot bring the gun up with certainty
time after time on the same fixed spot.

It is for this reason, I think, that unanimity has not
been reached as to the best length for short barrels.
Some makers do not recommend their customers to go
below 27 inches ; others go to 26J inches ; others to 26
inches ; and yet others to 25 inches. The very fact that
there is this divergence of opinion emphasises the import-
ance of trying different lengths; also the truth of the
statement made at the beginning of this section, namely
that the best length of barrel for any individual to adopt
is the length with which he finds he can shoot best.

So the shooter who wants a light gun wiU be well
advised to try different lengths of short barrels at a shoot-
ing school or schools. If he is disappointed at the results
obtained with 25 inches he should not necessarily condemn
aU short barrels and declare in favour of 28 or 30 inches,
but should try lengths of 26 or 27 inches. Personally I
do  not  like  barrels  as  short  as  25  inches  because  I  find  I
miss the steadying influence of the forward inertia. The
simile may seem somewhat far-fetched, yet a 25-inch
barrelled gun always seems to convey a similar impression
to that derived from riding a horse with a straight shoulder
and  no  rein.  I  like  to  feel  something  more  in  front.
But 27 inches I find a very different matter, and were I
to buy a new gun for general rough shooting I would be
inclined to select this length. Yet just as some men find
the loss of the forward inertia caused by reducing the
barrel length to 25 inches to be a handicap, so others can
find it a positive advantage. This just shows how un-
wise it is to dogmatise, and how wise it is for a shooter to
try guns with various lengths of barrels for himself.

A very good guide to the general consensus of opinion
among practical shooting men is to be found in the
relative market values of guns with different lengths of
barrels.  Not  many  years  ago  I  was  discussing  the  ques-
tion with the man who does most of the buying for the
firm which is probably the biggest dealer in high-grade
second-hand guns of British manufacture in the world.
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I asked him : “ If you were offered guns of exactly the
same quality and condition, all by the same maker, but
fitted with barrels of 30, 29, 28, 27, 26 and 25 inches,
which would you buy first as being the most readily
saleable ? ”

The answer came at once without any hesitation :
“ Twenty-eight inches.”

But whatever length of barrel has been selected as
being the most helpful and suitable after a thorough trial
of different lengths, it is essential that the would-be
purchaser should give a gun of the same weight and barrel
length a further trial by firing a considerable number of
shots with the actual cartridges to be used in the shooting
field. This is most important as it is a common practice
for gunmakers to load cartridges to be used on a shooting
ground with light loads so as to reduce the recoil and
thus render the practice more pleasant. This is an
advantage when many shots are fired in quick succession
at clay targets. It can, however, be misleading, as it gives
a false impression of the behaviour of the gun ; and a
test to be complete should be made with cartridges which
are loaded with the full charge. If the recoil is then found
to be too severe the remedy is to increase the weight of the
gun by an ounce or two, or else to use a lighter load. For
the axiom, and it really is an axiom, must never be for-
gotten : a light gun needs a light load.

There now remain but four comparatively minor
points which need consideration in order to complete our
survey of the problem of barrel length.

The first of these is the question of forward allowance
with short barrelled guns. It has been claimed by their
advocates that the forward allowance on a crossing bird
is less with 25-inch barrels than longer ones, so it may be
of interest to see exactly to what this claim amounts.
This  can  be  done  best  with  the  help  of  the  diagram  in
Fig- 25.

In  this  diagram  S  is  the  shooter;  B  the  bird,  and  P
the point at which aim must be taken in order to hit the
bird which is flying in the direction BP at 40 miles an
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hour. If the range (i.e. SB) is 40 yards, the forward
allowance (BP) can be taken as being 8 feet,

SC and SD represent guns fitted with barrels of 25 and
30 inches respectively, in which case the total lengths of
SC and SD can be assumed without material error to be
42 and 47 inches.

The apparait forward allowance with the short
barrelled gun will be CM, and that with the long barrelled
one DN. With the data assumed these distances will be
2-8 and 3*1 inches respectively, so the difference will be
but 0’3 of an inch. And in the case of birds which are not
crossing exactly at right angles, and which are nearer
than 40 yards, the difference will be considerably less,
and seldom more than o*i of an inch.

F ig . 3 5 .— Piagram to illustrate the theoretical effect of barrel length On
forward allowance.

S, the Shooter; B, the Bird ; B P the necessary forward allowance; ND
the  swing  with  30-inch  barrels;  and  MC  the  swing  with  25-inch  barreU.

So it will be clear that for all practical purposes this
difference is negligible.

But the real fallacy in this theoretical advantage lies
in the fact that the forward allowance depends on the
angle through which the gun has to be swung in order to
give the necessary forward allowance on the bird; and
this angle is the same irrespective of the length of the
barrels, as can be seen in the diagram.

The truth is that in actual practice it is impossible
to estimate any given number of feet in front of a moving
bird. Niceties of — or even —̂ of an inch in the distance
travelled by the muzzle of the gun during the swing may
be present in both theory and actual fa c t; but they
cannot possibly be detected by the shooter.

The next point is in connection with a theoretical
advantage of long barrels.

It was pointed out in the Badminton Library chapter



ACTION AND BAR R EL LENGTH 235
devoted  to  guns  that  if  it  were  possible  to  wield  a  gun
with barrels so long that the muzzle could actually be
made to touch the bird the shooter would never miss.
And from this it was argued that although such a length
was obviously absurd it was better to go as far as possible
in that direction in order to render shooting more easy,
and barrels of 30 inches were consequently recommended.

Now theoretically I suppose this argument is incon-
trovertible.  It  is  based  on  similar  foundations  to  those
on which are built up the arguments in support of a long
sight base for rifles. In practice, however, rifles and
shotguns are not altogether analogous, for they are used
in different methods. A gim should never be aimed in
the sense that a rifle is aimed but the direction of discharge
is really controlled by the forward arm being pointed in
the proper direction. The result of this difference in
usage is to nullify in a gun any advantage conferred on a
rifle by having the sights set as far apart as possible.

Further, the practical conditions of sport frequently
demand a compromise between extreme accuracy and
ease  in  use.  A  rifle  fitted  with  a  36-inch  barrel  will
certainly be wonderfully accurate on account of the great
length  of  sight  base  which  it  is  possible  to  obtain;  but
such a weapon would be too imwieldy for rapid snap
shots in thick jungle.

So the truth probably is that for all practical pur-
poses of sport in ordinary shooting no noticeable advan-
tage is conferred in actual aiming— if such a word can
properly be used in connection with a shotgun— b̂y long
barrels.

The third point is also theoretical, although it pro-
bably has more practical importance than the two
previous ones. It is that a high-velocity load of 36 grains
of powder and i ounce of shot cannot be used to full
advantage in very short barrels.

The series of experiments made by the late Mr. W.
D. Borland to determine the effects of different lengths of
barrel on velocity and recoil which were recorded in detail
in Appendix IV to Volume II showed among other things
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that the greatest differences in velocity resulting from a
reduction in barrel length from 30 to 25 inches occurred
with the high-velocity load, because the heavier powder
charge of 36 grains was not utilised with such comparative
effectiveness in the short barrel as the standard charge of
33 grains. Now it is true that even the maximum
difference in velocity recorded by Mr. Borland was not
sufficient to cause any practical difference in penetration
at sporting ranges. But it must also be remembered that
the whole purpose of the high-velocity load is to obtain an
admittedly slight increase in velocity. It is, therefore,
waste of effort to use a load in any barrel which cannot be
utilised to its full effect on account of the length of that
barrel. There is absolutely no possible advantage to be
gained, while there are two accompanying disadvantages.

The first of these is that recoil is increased, as has
already been seen, without any corresponding gain in
velocity. And since guns are usually fitted with short
barrels with a view to reducing weight, the recoil may
easily exceed the limit of comfort. In any case the recoil
developed by a high-velocity load will be disproportionally
severe.

The second disadvantage is the tendency to increased
muzzle blast due to the higher muzzle pressure caused
by the combustion of an abnormally heavy powder charge
in an abnormally short barrel. This tendency to in-
creased muzzle blast will be almost inseparable from the
use of a high-velocity load of 36 grains of powder and an
ounce of shot in a 25-inch barrel, and cannot but tend to
produce irregular patterns.

To go to the opposite extreme, it would certainly
appear that the low-velocity load is especially suited to
short barrelled guns, as the best value in the way of
velocity is obtained when this load is used for the pay-
ment that has to be made in recoil.

The fourth point is the question of the relative suit-
ability of different barrel lengths for different bores.

Hitherto the actual lengths which have been quoted
are all those usually fitted to ordinary 12-bores. But
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everything that applies to this size of gun applies equally
to all other sizes, nevertheless some allowance should
probably be made for the different weights of powder
charge which are used in the different bores. For this
reason, for instance, barrels of 25 inches should certainly
be avoided in a 12-bore chambered for 3-inch cases, as the
full benefit of the combustion of the heavy powder charge
would not be obtained; and the same applies to all
magnum guns, which means that these cannot be fitted
with such short barrels as guns of the same calibre taking
standard lengths of cartridge.

Similarly, very large bores will need a greater minimum
length of barrels than very small. As a general rule
it can be taken that 10-, 8- and 4-bores need average
lengths of barrels which are 2, 4 and 6 inches longer
respectively than the corresponding average length for an
ordinary 12-bore. On the other hand, smaller sizes than
twelve can be fitted with barrels which are, on the average,
slightly shorter. For example, neither a 16- nor a 20-
bore  should  ever  be  fitted  with  barrels  longer  than  28
inches. But on the other hand, the barrels of these sizes
should never be less than 25 inches long. In fact I would
be inclined to place this length as the limit of shortness
even for a boy’s ‘410, partly because of the question of the
inertia  of  the  forward  portion  of  the  barrels,  and  partly
because shorter barrels than 25 inches can become more
dangerous owing to the ease with which they can be turned
about, and in this respect almost approach a pistol or
revolver, which are the most dangerous weapons of all
for the inexperienced to handle.

Finally, I cannot help thinking that if the shooter finds
he has no very definite preference for any particular
barrel length after tr5ung various lengths at shooting
schools, he cannot do better than use the length of his
stock as a guide to the length of his barrels. A long stock
is balanced better, both in handling and appearance, by
fairly long barrels of from 28 to 30 inches. Similarly, a
very short stock is better suited by shorter barrels of
27 or 28 inches. One friend of mine who was 6 feet 5
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inches used 25-inch barrels for thirty years. But his guns,
fitted as they were with stocks 15J inches in length,
always reminded me of a highwayman’s blunderbuss
rather than a modem game gun. So if the shooter has no
pronounced views on the matter let him ask his gunmaker
to match the length of his stock by that of his barrels,
when he will obtain a gun or guns wMch are as beautifully
proportioned to the eye as I hope they will be as great a
joy in the actual shooting field.



C H A P T E R  X I I

FITTING A GUN

WHEN  a  decision  has  been  made  as  to  the  t57pe
of action and length of barrels for the new
gun, or guns, the next question which arises

is  that  of  fitting  the  gun.  In  order  to  fit  a  gun  properly
to any individual the gunmaker must fulfil three con-
ditions.

(i) The stock must be so shaped that when the
shooter  brings  the gun up to  his  shoulder  and fires  it  the
centre of the pattern should cover the mark it was desired
to hit at a range of from 20 to 30 yards. And this result
should be obtained without the shooter having to make
any conscious correction for alignment.

(2) The stock must also be so shaped that the shooter
should be able to fire an indefinite number of shots
without being bruised in one particular place more than
another.

(3) The general lines of the gun and stock should be
kept as graceful as possible.

Let us take these three conditions in turn.
In order to fit a gun properly for alignment the correct

degree of elevation must be obtained so that the shot
charge is placed neither too high nor too low. Similarly,
the charge must be centred correctly for direction ; that
is, it must not be placed too much to the right nor too
much to the left. Fitting for elevation and fitting for
direction are two distinct branches of the art and are
dependent on different factors. One thing, however, is
common to both; namely, the correct fitting for the
length of the stock. It is, accordingly, only proper to
consider first this part of the work of fitting a gun.

239
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F IT TIN G  F O R  “ L E N G T H ”

If the stock is too long the end of the butt catches on
the shoulder when the gun is mounted and so interferes
with quick shooting; while if it is too short the arms
must be bent unduly at the elbows for ease and comfort,
and the recoil will probably appear more severe on account
of the gun not being held firmly against the shoulder.

It  wiU  be  quite  obvious  that  a  tall  man  will  need  a
longer stock than a short one; but before we come to
the question of measuring for length it may be as well
first to consider how the measurements for the length
are actually made on the stock. This question was

F ig . 2 5 .— Outline sketch of the stock of a gun. showing how measurements are
made for " Length ” and " Bend.”

C, the Comb ; CD, the Face ; DF, the B u t t; D, the H e el; F, the Toe ;
E, the Middle of the B u tt ; T, the Front Trigger.

" Length " is measured by the distance of T to E, but the distances TD
and T F are also necessary in order to obtain the correct angle between the
Butt and the Face.

'� Bend " is given by the measurements of AC and BD.

dealt with in Volume I, but for the sake of convenience
a brief recapitulation will be made here.

Fig.  26  is  an  outline  sketch  of  the  stock  of  a  gun,
which really explains itself. The measurements denoting
the  length  of  the  stock  are  made  from  the  middle  of  the
front trigger to the heel, centre and toe of the butt. All
these three measurements are of equal importance, but
the one which really controls the other two is the measure-
ment from the trigger to the middle of butt, and it is this
measurement which is always quoted when describing
the length of a stock. Provided the angle of the butt is
constant the other two measurements will foUow the one
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from trigger to middle. And in the great majority of
cases the butt does make a constant angle Math the upper
edge, or face, of the stock.

We  can  noM̂  return  to  the  question  of  fitting  for
length. -»

The best method of all is by actual trial. An experi-
enced gun-fitter can suit a new customer in the matter
of length to within 9. fraction of an inch, and his judgment
can be confirmed by an invention known as a “ Try Gun.”
This is reaUy nothing more than an ordinary gun fitted
with a stock which can be adjusted to any len^h or shape,
and which is an invaluable adjunct in gun-fitting.

It is frequently stated that the length of the stock is
dependent on the length of the shooter’s forearm, and
that the correct length can be obtained by laying the
stock  of  the  gun  flat  against  the  inside  of  the  forearm
with the middle of the butt exactly in the hollow of the
elbow. The top joint of the first finger should than
exactly reach to the front trigger.

I cannot help thinking, however, that this method of
measuring is extremely unreliable, for it is possible to
accommodate one’s arm almost to any length of stock,
and it is difficult to say which length is the correct one.
As an example of the error possible from this cause I can
quote from my own personal experience. Many years
ago I was thus measured for length by one of the leading
gunmakers in the country and was finally given a stock
which proved very nearly an inch too long for me ; and
although I protested at the time I was assured that I must
be mistaken. Subsequently I was measured by both
Messrs.  Holland  and  Messrs.  Purdey  and  given  stocks  of
exactly the same length, which was shorter by | of an inch
than the stock which I had previously been told was
correct.

Apart from a shooter’s build the length must also be
controlled in part by his individual style of shooting. For
instance, the man who holds his left hand weU ahead of
the fore-end will probably need a shorter stock than the
man of the same height and length of arm who holds his
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gun with his left hand only just in front of the trigger
guard.

These are exceptional cases, however, as it is probable
that the great majority of shots hold their guns with
their forward hands at a spot just about level with the
front of the fore-end.

Stocks ususally vary in length from 14^ inches for a
short man of about 5 feet 4 inches to 14I inches for a tall
man of about 6 feet, while exceptionally short or tall
men will want correspondingly shorter and longer stocks.

The angle of the butt is, as has already been stated, an
almost constant quantity, and very sloping butts or
those that almost make a right angle with the face should
only  be  required  by  shooters  who  have  some  peculiarity
in build or else in their style of shooting. The appear-
ance of these abnormal butts is certainly against them,
perhaps because of their difference from the shape to
which  we  are  accustomed.  The  two  butts  shown  in
Plate  VIII  of  Volume  I  are  of  a  shape  which  is  both
normal and ideal for over 90 per cent, of shooters.

F IT T I N G  F O R  E L E V A T I O N

If the barrels and stock of a gun were in one straight
line, and the gun was shaped like a billiard cue, the
shooter would always miss by firing above the mark which
it was desired to hit. This is because it is impossible to
bring the eye right down to the line of a cue or walking-
stick when either is raised to the shoulder like a gun.

Fig. 27 shows this fact diagrammatically. The
straight stick is represented by AB ; E is the eye which is
above the level of the butt end of the stick and T is the
target. When aim is taken quickly the eye aligns the front
end of the stick, B, on T, and in such a position the
path of the shot would be ABC, that is in the direction in
which the stick is pointing.

In order to enable the shooter to place his shot cor-
rectly for elevation the line of the stock must be bent
down from that of the barrels.
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The necessity for this downward bend of the stock

may  seem  so  obvious  and  elementary  that  I  hope  I  will
be forgiven for inserting this brief explanation. The
principle, however, is so important both in fitting for
elevation and for direction that I feel that it cannot be
passed over.

The actual degree of bend which it is necessary to give
to a stock must naturally be dependent chiefly on the
physical peculiarity of the shooter, as well as on his style
in shooting. Some men, for example, can get their heads
much closer down to their stocks than others, and such
will not require so much bend.

But bend also depends on what may be termed the
physical peculiarity of the gun, that is on the Flip.
This was dealt with fully in Volume I, and so it will now

only be necessary to emphasise again the fact that guns
with  great  stiffness  of  barrel  such  as  is  conferred  by  the
barrels being placed one above the other, as in Over and
Under guns, or by the barrels being shorter than usual,
will need more bend than guns in which the barrels give
a more pronounced downward flip.

This fact is now generally appreciated by those gun-
makers who specialise in short barrels and it will explain
why so many sportsmen found their shooting suffer after
having a pair of short barrels fitted to the stock of a gun
which originally had longer barrels, or after having a new
short barrelled gun built to the same measurements as
their old long barrelled one.

For  this  reason  any  system  of  fitting  for  bend  which
does not include actual tests of shooting must be regarded
as being unreliable.
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Bend is actually measured by the two distances AC
and BD in Fig. 26, which explain themselves, being the
vertical distances of the comb and the heel below the line
of the barrels.

It is sometimes stated that to be correct the bend
should be such as to bring the shooter’s eye into line with
the  top  rib  when  the  gun  is  brought  to  the  shoulder.
And some gunmakers make specially shaped ribs with
a view to helping rapid aligmnent. Theoretically it may
be best so to combine the degree of bend and the shape of
the rib that the shot is centred on the spot at which aim
is taken along the line of the rib. This theory, however,
is  based  on  the  assumption  that  a  shotgun  is  used  in  the
same general way as a rifle, that is by actual aiming along
the rib just as one aims with the sights of a rifle. Such
an assumption, however, is quite wrong, and it is ex-
tremely unlikely that a man who drops his eye right
down to the line of the rib wUl ever develop into an5d;hing
but a slow and “ poking ” shot with a gun. For in order
to shoot quickly with a gun the eye must be kept slightly
above the line of the rib, as the barrels would otherwise
tend to hide the target unduly.

It is always difficult to say exactly how one should
shoot with a gun, and many of the best shots cannot
say just what they do. Some sort of alignment must
obviously be necessary, and it is probable that the great
majority of men only see the muzzle end of their barrels
when shooting. Specially shaped and raised ribs may
help a few ; but they will certainly not help the majority ;
while some guns are made without any ribs at all and are
not found to make shooting any more difficult.

In gun-fitting, practice is of more value than theory ;
and practice has shown that in the vast majority of cases
the  bend  should  be  such  that  the  shooter’s  eye  will
naturally  drop into position slightly  above the line  of  the
rib,  and  so  enable  him  to  see  the  bird  and  the  muzzle  of
the gun.

The best— in fact the only— way to find the correct
bend is to fire quickly at some fixed mark, just as one
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would shoot at a flying bird, and to decide on the bend
which results in the shot being properly placed for
elevation.

F IT T IN G F O R D IR E CTIO N

The great majority of shooters bring their guns up to
their right shoulders when firing, and since it is difiicult
to bring the controlling line of vision into the same
vertical plane as the gun when it is held against the right
shoulder, the stock must be bent laterally as well as
vertically and for exactly the same reason. This lateral
bend is known as “ Cast,” and when the stock is so cast
that the vertical plane containing the barrels lies to the
left of a parallel vertical plane through the heel of the butt,
the stock is said to be “ Cast Off.”

In the case of a man who shoots from his left shoulder,
however, the vertical plane of the barrels must clearly be
situated to the right of a parallel vertical plane through
the  heel  of  the  butt,  and  such  guns  are  said  to  be  "  Cast
On.”

At the present, however, let us confine ourselves to
the consideration of a man who shoots from his right
shoulder.

The  amount  of  Cast  which  he  will  require  must
naturally depend partly on his width of chest and
shoulders. But the problem is rendered more compli-
cated by the fact that we have two eyes, both of which
should be used when shooting with a shotgun. If the
left eye were always closed, the right eye only being used,
the problem of Cast would become much simpler. The
use of two eyes, however, greatly helps speed and judging
distance  ;  so  both  eyes  must  be  taken  into  consideration
when determining the degree of Cast that is necessary.

Since both eyes are kept open they must, in a measure,
share the task of aligning the gun on the target. The
task, however, will only very rarely be shared equally;
for  in  the  vast  majority  of  human  beings  one  eye  is
stronger than the other and exercises more control. In
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common parlance the stronger eye is known as the
“ master eye.”

Anyone can test themselves for their master eye as
follows.

Select any vertical straight line at least 10 feet away.
The edge of a door or cupboard ; the angle of the walls
in  the  corner  of  a  room  ;  the  edge  of  any  building;  in
fact any vertical line.

Next, keeping both eyes open, point with the right
arm  and  first  finger  extended  and  place  the  tip  of  the
finger on the selected vertical line.

Now shut the left eye, keeping the right eye open only,
and  note  whether  the  tip  of  the  finger  is  still  exactly  on
the vertical line. If it appears to have moved, note the
approximate degree of movement.

Then shut the right eye, keeping the left open, and
again note whether the tip of the finger has strayed away
from the vertical Hne, and if so, by how much.

If the right eye is the master eye it will exercise the
greater control when the finger is pointed with both
eyes open, and consequently the apparent position of the
finger in relation to the vertical line will be more nearly
the same when the right eye only is open to that of the
finger when both eyes are open.

But if the right eye is closed, the weaker left eye will
take up sole control and will want to make the finger
point in the vertical plane containing the left eye and the
selected aiming line. In other words, the finger will
point in the line of vision of the left eye when the left
eye only is open; and in the line of vision of the right
eye when the right eye only is open. But when both
eyes are open the right eye, being the master, will have
more say in the alignment and the finger will point more
nearly in the line of vision of the right eye than of the
left.

In my own case my right eye is very markedly the
master, and there is no difference in the alignment of my
finger when I point it with both eyes open or with my
right eye open alone. But if I close my right eye the
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apparent position of my finger is changed completely to a
spot well to the right of the vertical aiming line.

This will easily be understood with the help of the
diagram in Fig. 28, which shows the lines of vision in
plan.

R is the right eye and L the left,  while M is the aiming
mark. When the right eye is markedly the master and
the finger is pointed with both eyes open it is placed
in the line of vision of the right eye in the position Fi. If
the right eye is then closed the finger will appear to the
left  eye  to  be  pointing  at  the  spot  Mi  which  is  to  the
right of M.

Similarly,  if  the  left  eye  is  markedly  the  master  and

I  —  -

M

- - M l

F ig . 28.— Diagram  to  illustrate  the  effects  of  either  the  right  or  left  eye  being
markedly the master eye.

the  finger  is  pointed  when  both  eyes  are  open  it  will  be
placed  in  the  line  of  vision  of  the  left  eye  in  the  position
F j ; and when the left eye is closed the finger will  appear
to the right eye to be pointing at the spot Mj.

When shooting with a shotgun the eyes only take
the muzzle part of the barrels into consideration when
making the the necessary ahgnment, and since the butt
is bedded against the right shoulder some manipulation
is necessary to bring the barrels into alignment with the
line of vision. If the gun were quite straight, and
the body placed perfectly square to the line of fire, the
barrels would point to the left of the mark, since the
eye would be making the alignment with the muzzle and
it is not possible to bend the head over sideways to the
right  in  order  to  bring  the  line  of  vision  into  the  same
vertical plane as the gun.

This  can  be  seen  from  the  diagram  in  Fig.  29,  which
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has not, of course, been drawn to scale. Here R is the
right eye, L the left, T the target, and G the butt of
the gun in position against the right shoulder. When the
right eye is markedly the master the muzzle of the
gun  would  be  placed  in  the  line  of  vision  of  that  eye  in
the position M i;  and the line  of  fire  would be to  the left
of the target as shown by the dotted line.

The  most  obvious  remedy  in  this  case  is  for  the
shooter to stand with his body making a distinct angle
with the correct line of fire, and with his left shoulder
in advance of his right. Such a stance will enable some
men to bring their right eye into the same vertical plane
as the gun, and in their case no cast to the stock may be

Fio. 29.— Diagram to illustrate the necessity for “ cast ” in a gun stock.

necessary. But by no means all shooters are so built as
to be able to bring their right eye over the gun in comfort.
A great deal depends on the length of neck, size and shape
of jaw, width of chest and general looseness of build.
For this reason the majority of men will find it more
comfortable f a certain amount of cast is given to the
stock of the gun ; the amount of cast being dependent
on individual physical build.

But  if  the  left  eye  is  markedly  the master  the muzzle
of  the  gun  would  be  placed  at  Mj  in  Fig.  29,  and  the  fine
of fire would be a long way to the left of the target.

In this case it is impossible to adopt any stance in
which the left eye can be brought into the same vertical
plane  as  the  gun,  and  the  only  remedy  is  to  give  cast  to
the stock of the gun.

It may have been noticed that I have stated that in
my own case my right eye is “ markedly ” the master.
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and I have used this same qualification in subsequent
examples. This has been done purposely because it
quite frequently happens that neither eye is sufficiently
master to assume complete control when the finger is
pointed with both eyes open. In such cases the finger
will appear to move away from the vertical line when
'either eye is closed, but the movement is less when the
master eye is kept open, showing that it was this eye
which exercised the greater influence in the alignment.

In such cases the actual line of Are would faU between
the two extreme limits shown in Fig. 29, and it becomes
essential to give some cast to the stock of the gun.

It wiU thus be realised that if the right eye is only
partially  the  master  the  gun  will  have  to  be  given  more
cast than would be necessary were the whole control of
alignment taken over by the right eye, instead of only the
greater part of it.

The greatest amount of cast wiU clearly be necessary
when the left eye is markedly the master, and in such
cases the gun is fitted with what is termed a " fuUy
cast-off ” stock, or a " cross-eyed ” stock.

A completely cast-off stock is not a very sightly object,
and although I know a good many men who shoot with
them successfully, I know of others who find them uncom-
fortable and awkward to handle on account of the recoil
not  being  taken  in  a  comparatively  direct  line.  It  is
not surprising, therefore, that other devices have been
invented  for  overcoming  this  difficulty  of  the  left  eye
being the master.

The principle underlying aU such devices is to prevent
the left eye from seeing the muzzle end of the barrels
when the gun is in position at the shoulder, and different
gunmakers  fix  opaque  discs  to  the  breech  end  of  the
barrels or to the action, which protrude between the left
eye and the muzzle of the gun.

These discs are at the best clumsy and spoil the
appearance of the gun, and far and away the best device
of this nature is the Cogswell and Harrison special Hand-
Guard.
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This invention is as ingenious as it is simple and
merely consists of an ordinary leather covered steel hand-
guard which slips on to the barrels over the muzzle and
protects the left hand from very hot barrels. One side
of this special hand-guard, however, is lengthened so as
to extend well towards the breech end of the barrels and
this end is turned outwards so as to form a disc which
protrudes from the barrel in between the left eye and the
muzzle, thus preventing the left eye from seeing the
muzzle and controlling the alignment.

But there are other methods for overcoming this
difficulty of shooting from the right shoulder when the
left eye is the master.

The first of these is to close the left eye altogether.
This is certainly efficacious, but is a great handicap in
quick shooting. Judging distance is not so difficult,
because the left eye need not be closed until the gun is
brought to the shoulder. There are many cases on record
of shooters adopting this plan with success.

Perhaps a modification of this method is better in
which the left eye is only partially closed during the act
of firing. The shooter “ winks at the birds,” so to say,
and the winking dims the vision of his left eye and tlfis
allows the right to take control.

Another plan which I have known adopted with
success is to wear a cap or hat with the peak or brim
placed well down over the left eye, so as partially to
eclipse the angle of vision, or to fix a disc protruding down-
wards from the brim of the hat. And yet another is to
hold the barrels with the left hand turned round in such
a way that the knuckles and base of the thumb obliterate
the  muzzle  from  the  line  of  vision  of  the  left  eye.  But
I have always thought that this method of holding the
gun might tend to tilting the barrels.

Another plan, which can easily be adopted by those
shooters who wear spectacles, is to have a small removable
disc attached to the rim of the left lens. This disc is
shaped rather like a segment of a circle and looks like an
abnormal thickening of the rim at one part. It is a simple
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matter to test whether it excludes the muzzle from the
vision of the left eye when the gun is at the shoulder.
Once the correct placing for the disc has been found it
can either be made a permanent fixture, or put back into
the correct position when the occasion arises.

This type of disc is too small to interfere in any way
with normal vision, and is thus no handicap in judging
distance. This plan is undoubtedly the best for those
who wear spectacles ; while even those who do not could
easily wear a plain frame without any lenses, with the
disc  attached  to  the  frame  of  the  left  eye.

I have no doubt that any optician could fit a suitable
disc,  but  I  was  first  shown  the  idea  by  Mr.  Mallard,  of
Messrs. Mallard and Spence, opticians, Walm Lane,
Willesden Green, N.W.2, and 19 Brent Street, Hendon.

Incidentally the fact that success can be obtained by
preventing  the  left  eye  from  seeing  the  muzzle  proves
the contention that it is only the muzzle end of the
barrels which are used for aligning the gun, at any rate by
the great majority of shots.

But the best way of all for overcoming the difficulty
of the left eye being the master is to shoot from the left
shoulder. This is an absolute cure and puts the left-eyed
man on exactly the same footing as the right-eyed one.
It is no more difficult to shoot from the left shoulder than
from the right: in fact it is easier for the left-eyed man.
It is possible that some men who have shot for years from
the right shoulder might find it hard to make the change
in middle age. But that is only because of long habit.
When a boy first begins to shoot he should be tested for
his master eye in the way which has already been de-
scribed,  and  if  his  left  eye  is  the  meister  he  should  begin
shooting from his left shoulder and never shoot from his
right with a gun and only on special occasions with a
rifle.

The only possible argument which can be advanced
against  shooting  from  the  left  shoulder  is  that  it  is  more
difficult to manipulate the bolt action of a rifle when the
rifle is at the left shoulder than when it is at the right.
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But  this  is  hardly  relevant  to  shotguns,  and  I  know  of
at least one man who shoots from his left shoulder and
who can use a bolt actioned rifle as well as any right-
shouldered marksman, and better than most. In big-
game shooting it is often a great advantage to be able to
shoot from either shoulder, as not infrequently one has
to take a shot from some cramped position, and person-
ally I always used to practise shooting from both shoulders
with my sporting rifles. It is really not at aU difficult.

Gun-fitting is now much more generally understood
by gunmakers and its importance appreciated by sports-
men than was the case forty years ago. I remember
in India before 1914, that I came across quite a few cases
of men who were very keen on shooting, but who shot
with distressingly poor success, who, on making the
simple test already suggested, found that their left eyes
were the master although they had been quite uncon-
scious of the fact. A useful, although admitted!]/ not
infallible or scientific, test is to note which eye a person
uses when looking through a telescope or microscope.
As a  general  rule,  the  stronger  eye  will  be  applied to  the
instrument instinctively.

If any shooter who has never been properly fitted for
a gun should suddenly find that his left eye is the master,
I would suggest that he should seriously consider shooting
from his left shoulder. Let him practise bringing a gun
up indoors ; and I shall be surprised if after s fortnight
he does not find it as easy as bringing it up to the right
shoulder.

For a boy who is beginning shooting I do not think
there can be two opinions. The left-eyed boy should
learn to shoot from his left shoulder just as the right-eyed
boy  does  from  his  right.

Probably the most difficult shooter to fit is the one
whose eyes are very nearly of equal strength. Some
gunmakers recommend a stock which is half-way between
the normal and a full cast off, but I am inclined to think
that this is not the best plan to adopt. An eye can
suffer from the effects of undue temporary strain or of
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some temporary injury. Some years ago a hot cinder,
emitted from the funnel of a road engine, was driven into
my right eye with such force that it became partially
embedded in the cornea, and had to be removed by an
ophthalmic surgeon with a knife. My eye was put out
of action for some time, and when I began shooting again
I found that I seemed to be missing even more than usual.
A test showed that although my right eye was still the
master it was not so markedly so as it had been ; and this
fact was confirmed by a visit to the opthalmic surgeon.
So for the next two months I adopted the plan of “ wink-
ing at the birds ” and found that it helped me con-
siderably. And by the end of that time my right eye
had  sufficiently  recovered  to  regain  its  former  mastery.

When the two eyes are normally of approximately
equal strength it seems likely that the actual mastery
might quite easily change from one to the other and back
again according to circumstances. And in such cases
any gun which was a compromise in the matter of cast
would be of httle help.

So  it  seems  likely  that  the  best  way  out  of  the  diffi-
culty for a shooter with eyes of approximately equal
strength is to shoot from whichever shoulder he finds
the  easier  with  a  gun  of  normal  cast  for  that  shoulder,
and to “ wink at the birds ” with the opposite eye.

Cases are sometimes quoted in which the shooter has
lost the sight of the right eye and yet continues to shoot
with success from his right shoulder. But these are very
rare. I have only come across one myself, and that was
an  elderly  cousin  of  mine.  He  told  me  that  he  always
used to try t& shoot weU clear to the right of a bird instead
of at it, and he also confessed that although he could
hit birds crossing from right to left with comparative
frequency, he was not nearly so successful with birds
going from left to right. Curiously enough the thought
of shooting from his left shoulder had never entered his
head.

I had always regarded the doctrine of the " master
eye ” more in the light of an established and incontro-
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vertible fact rather than a theory. So I was more than
ordinarily disconcerted to see in the Lancet of November
29th, 1930, that this is apparently not the case. This
issue contanied a verbatim report of the Bradshaw Lecture
delivered before the Royal College of Surgeons of England
on November 13th, 1930, by Mr. J. Herbert Fisher, Con-
sulting Ophthalmic Surgeon to St. Thomas’s Hospital.
In the course of his lecture Mr. Fisher said :

“ The idea of the master eye is, I believe, a fallac5^ but one found
very  useful  by  the  gunsmith.  A  man  who  has  been  shooting  badly
is asked by his gunmaker to point a gun at a certain msirk some yards
a w a y ; when he has done this the tradesman, looking along the bcirrel,
finds  that  it  is  directed,  say,  to  the  left  of  the  mark,  and  informs  him
that his left eye is his master eye ; the gun is, of course, actually being
pointed  too  much  in  the  line  of  vision  of  the  right  eye  and  too  little  of
that of the le ft ; a cast-off gun is recommended, made and sold, and
with it its owner makes better shooting. He is, of course, sighting
the  new  gun  no  more  and  no  less  than  he  was  the  old  one,  but  bringing
it to his shoulder, guided b y proprioceptive impulses, exactly as he
did  the  former  weapon,  the  '  cast-off  ’  results  in  his  charge  of  shot
being thrown more to the right and better results are obtained. If
he  did,  as  a  matter  of  fact,  sight  his  new  gun  he  would  be  looking
along  a  barrel  straight  from  breech  to  muzzle,  and  as  far  as  vision  is
concerned the fact that the barrel was set at an angle to the stock
could  make  no  difference  at  all.  What  had  gone  wrong  with  the  man
was  that  he  had  gradually  and  imperceptibly  to  himself  lost  accuracy
in co-ordinating his upper limb movements when bringing his gun to
his  shoulder,  so  that  he  was  not,  subconsciously,  pointing  it  to  the
position  upon  which  both  his  eyes  were  fixed,  and  to  which  he  believed
himself to be directing it. Master eyes eire not invoked to explain
bad  billiards,  and  except  in  Gilbertian  opera  a  cast-off  cue  is  not
suggested  as  an  advantage  to  anyone  playing  the  game  and  then  only
if it be in the hands of his opponent.”

Now Mr. Fisher’s opinion will naturally be treated
with the respect which it deserves, yet there are one or
two points in this extract from his lecture which do not
seem to be quite correct. For example, no comparison
is possible between billiards and shooting. In shooting
the gun becomes almost an integral part of the body, and
the position of the head cannot be moved relatively to that
of the gun. In billiards the cue is held by the hands alone
and the head and whole of the upper part of the body can
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be, and are, moved relatively to the cue. The billiard
player moves his head until the controlling line of his
vision is brought into the same vertical plane as that
containing the cue.  If  his  eyesight  is  such that  his  right
eye is what I have termed ” markedly the master,” it
will be his right eye that is brought into the vertical plane
of the cue. But if his left eye is “ markedly the master,”
this eye can be brought into the same vertical plane
with equal ease. The whole point is that the head is
free to move relatively to the cue, while in shooting the
head  is  not  free  to  move  relatively  to  the  gun.

Hitherto the remedy has been to move the gun, and
Mr. Fisher himself admits that this method is successful.
In view of this success I think the majority of shooters
wUl be wise to have their guns fitted with the appropriate
normal cast off or cast on for shooting from the right or
left shoulder rather than trying to acquire “ accuracy in
co-ordinating their upper limb movements.”

The theory of the master eye may be fallacious, but
it undoubtedly enables the shooter to be fitted with a gun
as well as to ascertain whether he should shoot from his
right shoulder or his left.

Newton’s Theory of Gravitation is, perhaps, super-
seded by Einstein’s Theory of Relativity. But the Laws
of Gravitation enable us to find correct solutions for all
problems connected with the movements of bodies on
the earth ; and so it is unlikely that they will be discarded.

Similarly, testing for the master eye will probably be
continued by shooters and gunmakers until the surgical
profession have evolved a method of gun-fitting which is
both simpler and more efficacious.

F IT T IN G F O R COM FORT

We now come to the second of the three conditions
which were given at the beginning of this chapter as
being essential in a well-fitted gun, namely, that the
shooter should be able to fire an almost indefinite number
of shots with ordinary loads without being bruised in
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one particular place more than another. A gun which
is fitted perfectly for length, bend and cast may quite
easily bruise the shooter unduly, and in such circum-
stances Fitting for Comfort becomes an equally important
branch in the art of fitting the gun.

One of the most common of minor discomforts caused
by recoil is a bruised second finger. I call this " minor "
because the remedy is so simple. The second finger is
bruised by the trigger guard, and in the majority of cases
a bruised second finger is due to the stock being too short,
but  a  badly  shaped  trigger  guard  is  a  common  cause.
The rear  end of  the  trigger  guard should be made with a
distinct slope, as if the guard is nearly at right angles to
the line of the stock a bruised finger wiU be almost inevit-
able. The trigger guard in the Frontispiece to Volume I
is sloped at a very nice angle, and a guard which makes a
sharper angle with the stock should be avoided.

Another cause is the position of the comb. If this is
placed too far forward there may be insufficient room
left for the hand on the " grip ” or " small ” of the stock,
when a bruised finger wiU probably be the result of
cramped holding. The correct position for the comb
in relation to the trigger guard is well shown in the
Frontispiece of Volume I.

It is also true that abnormally loose holding on the
part of the shooter may result in a bruised finger, and in
this case the best remedy is to learn to hold the gun more
tightly.

But whatever the cause, a remedy which is both
simple and effective is to remove the screw which holds
the rear part of the trigger guard to the stock and then
to slip an ordinary india-rubber umbrella ring over the
end of the guard until it rests in the angle of the guard,
after which the guard can be screwed to the stock again.
The umbrella ring makes a perfect cushion and protects
the finger completely.

But in a really well shaped and fitted stock the
necessity for such a protection should not arise.

Another place which is not infrequently bruised is
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the cheek, and in the majority of cases such bruising is
due to the shooter having a jaw which is rather more
square, or a cheek bone which is rather more prominent,
than usual.

Such bruising can be most painful, but can generally
be prevented by a little hollowing out of the face of the
stock. And it is really extraordinary what relief can be
given by the removal of a very little wood.

Sometimes, however, this remedy is not suflBcient
and the only effective preventative is the insertion of a
rubber  pad  into  the  face  of  the  stock,  or  else  padding  it
with some soft leather, or rubber covered with leather.

Such padding rather detracts from the look of the
gun, and so should not be added until aU else has failed.
I am inclined to think that this bruising of the cheek may
sometimes be due to the shooter actually hitting his cheek
with the gun when he puts it to his shoulder and is not
caused by the recoil at all. Such a habit is very difficult
to eradicate, and for this reason boys beginning to shoot
should always be impressed that they must bring the gun
up to the face, and not the face down to the gun.

Fitting for comfort cannot be tested with a try gun,
but must depend entirely on the gunmaker’s knowledge,
skill and experience.

F ITT IN G  F O R  A P P E A R A N C E

And finally we come to Fitting for Appearance. I do
not regard this as unimportant, for there is a vast differ-
ence between the beautiful and graceful lines of a best-
grade gun and the harsher outHne of a cheap one. Beauty
is  not  a  thing to  be  pushed on one side as  of  no accovmt,
and it is a joy to see how a reaUy skilful gunmaker can so
modify the curves of the stock that even a gun with a
full cast off does not appear as anything very extra-
ordinary ; while a gun made to the same dimensions by
a less cunning craftsman will look a veritable caricature
of a weapon.

The making of an exceptional gun which appears
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ordinary is the hall-mark of the skilful stocker and fitter.
For this reason I am always inclined to be suspicious of
a gunmaker's ability to fit really well when I see a gun
of some very abnormal shape. It may be necessary;
yet it is very rarely that such abnormalities are seen
amongst the guns built and fitted by the very best makers.

Sometimes the shooters themselves are to blame and
will insist on some peculiarity in the shape of the stock.
But the idea was probably suggested to them in the first
place by some gun-fitter, and it is quite possible that the
idea remedied the fault. But even so the most expert
fitters would probably have arrived at the same end
without employing such objectionable means.

It must be remembered that the perfectly fitted gun
wiU always have graceful lines, just as the brilliant tennis
player always seems to make the most difficult shots look
so ea sy: it is the second-class player who makes them
look difficult, which indeed they are. And it is the same
with gunmakers and guns.

H OW  T O  M EA SU R E  A  STO CK

A sportsman abroad may sometimes wish to send a
gunmaker measurements from a gim which fits him well
in order to have another and similar gun made. In such
circumstances he should send measurements for length,
bend and cast.

Length is given by the measurements TD, TE and TF
in Fig. 26.

Bend by AC and BD, which can be obtained by
placing a long and perfectly straight rod on the rib of the
barrels so as to protrude backwards over the stock, when
the two measurements required can be taken.

Cast is difficult for an amateur to measure correctly,
and possibly the best course to adopt is to give the gun-
maker details of height, build, chest measurement and
span of the outstretched arms. If an actual measure-
ment is required the gun should be placed triggers upwards
on  a  flat  table  in  such  a  position  that  the  centre  of  the
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rib coincides exactly with a straight hne drawn on the
table. Then the distance between the straight line and
the foot of a perpendicular dropped to the table from the
heel of the butt gives the cast. And it should be made
clear whether the gun is " Cast Off '' for shooting from the
right shoulder, or " Cast On ” for shooting from the left,
as would be necessary for the left-eyed shot who shoots
from his left shoulder.



C H A P T E R  X I I I

THE  COST  OF  GUNS,  SPECIAL  GUNS  AND
SECOND-HAND GUNS

T h e  matter of cost has already been dealt with
at some length in Volume I, and I can but
repeat'here that even in 1939 over 60 per cent,

of  the  actual  selling  price  of  a  best  gun  represented  the
cost of labour, both in the actual manufacture and the
regulating for pattern. Now this percentage is much
higher. And when the cost of raw materials and over-
head charges which are inseparable from a gunmaker’s
business are remembered— însurance for men engaged in
the handling of explosives is higher than ordinary rates,
for example— it will be realised that the margin of profit
is comparatively small. It is in fact literally true, as was
stated in Volume I, that the actual percentage profit is
less in the case of a best gun than in that of a cheap one.
In fact I am quite certain that if value for money is the
main consideration, a best gun is the cheapest article
which can be bought for the price demanded.

And this brings us to another question with which
the purchaser of a gun is faced, namely, as to what con-
stitutes a really “ best ” gun.

The only possible answer to this question is that a
really “ best ” gun is the highest grade of weapon made
by one of the leading gunmakers. Which reply is often
met by the response, “ Oh, I am not going to pay a fancy
price just for a fashionable name."

I have heard this remark again and again, but the
sportsman  should  remember  that  when  he  buys  a  gun
from  a  leading  maker  he  is  not  paying  a  fancy  price  for
a  fashionable  name.  He  is  paying  for  the  most  highly
skilled labour which it is possible to obtain in that
particular fine; labour which is not reckoned by time
expended, but only by perfection of results; and he is

260
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also paying for the satisfaction— and it should be a real
satisfaction— în the knowledge that the materials used
throughout are of the very highest quality.

Comparisons are proverbially odious, and I have no
intention of referring to any particular firms of gun-
makers by name. Naturally many of us have our
favourite gunmakers, and in many cases such feelings are
the outcome of what is really a family friendship extend-
ing through two, three or more generations. But if any
sportsman has no such tie, and is anxious to get the
very best work, he should remember that the most dehcate
barometer is to be found in the second-hand market.
These  prices  are  not  the  outcome  of  mere  fashion,  for
fashion alone wiU never maintain any gunmaker at the
top  rung  of  the  ladder  once  the  quality  of  his  work  has
begun to fall away : these prices are a very sure guide as
to the status of any firm.

One last point before I leave this question of cost.
I have not infrequently heard the remark passed by

some shooting man that a small bore gun, such as a
20-bore, should be cheaper to build than a 12-bore.
There could be no greater fallacy. As has been explained
fuUy in Volume I, the cost of a gun is really the cost of
labour; and there is just as much labour in building a
20-bore as a larger gun. Every part is duplicated in
both, and a 20-bore has to withstand a higher pressure.
If anything a small bore should really be more expensive
than the usual size, because the number made is not so
great and consequently it is not possible to cut out so
many of the parts at a time in a rough state and thus
reduce overhead costs.

S P E C IA L  GU N S

It not infrequently happens that the sportsman who
is buying a gun wants one for some , particular form of
shooting which is best served by a special weapon.
Consequently what may be termed Special Guns deserve
a little notice.
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Almost all these Special Guns are " special ” only in
the matter of size or boring ; their actions are in every
way identical to the actions used in ordinary game guns.
So consideration will only be paid to their special features.

Gu n s f o r  Cl a y  Ta r g e t  Sh o o t in g . A clay target
is a small object at the best of times, while the area
which it offers when viewed exactly end on is so small that
it is surprising that they are broken as often as they are.
Since there is no question of life and death the principles
which were laid down in Chapter VII as to the importance
of maintaining both pattern and penetration need not
be followed so rigidly, and pattern becomes of more
importance than penetration.

It is difficult to say definitely what is the minimum
number of pellets necessary to ensure a clay target being
broken. Frequently a single pellet will suffice ; while
at other times a target may be picked up which was
apparently not touched but which had been perforated
by 3 or 4 pellets. There can be no rule, but it would not
appear unreasonable to regard at least 2 hits as being
necessary to make fairly certain of a break.

The area of a clay target when seen from underneath
is 13-9 square inches, which would mean a necessary
minimum pattern of 102 in the 30-inch circle, or 112 if
we add on the 10 per cent, for loss due to stringing.
Such a pattern is easily obtained, but when we come to
look at a clay target end-on the problem assumes a very
different complexion. For the area of a target end-on is
but 3-3 square inches which would require a necessary
minimum pattern of 428 without making any allowance
for stringing.

Now it is only possible to obtain a pattern of about
this density at 30 yards— an average long shot at a clay
target— b̂y using a full choke and ounces of No. 7 shot.
And even then the pattern should be helped by a moderate
velocity and “ soft ” pressure, while a crimp turnover
would also be em invaluable advantage. Such a charge
cannot be handled to full advantage in any gun smaller
than a 12-bore 2f-inch, and so this would certainly seem
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to be the ideal gun for clay target shooting pure and
simple.  A  larger  gun  would  be  too  clumsy  and  heavy
for firing many shots on end. But the gun selected
should be of full weight, that is 7J lb., as recoil becomes a
dominant factor when firing long series of shots in rapid
succession.

If  the  conditions of  the  competition lay  down that  no
gun larger than an ordinary 12-bore game gun chambered
for the 2^-inch case may be used, the best that a com-
petitor can do is to use a fuU choke and as heavy a charge
of No, 7 shot as possible. Since penetration is not so
important as pattern, it would be weU to reduce the
powder charge to 32 or 31 grains of a 33-grain powder and
use ounce of No. 7 shot.

The chief points to remember are that pattern is of
first importance and that recoil comes next.

Gu n s f o r  Pig e o n  Sh o o t in g . When shooting at
living blue-rock pigeons the relationship between penetra-
tion and pattern which was suggested in Chapter VII
should be maintained. Since the object is to kill the
bird dead at the first possible moment a heavier shot
charge than the ordinary standard 12-bore game charge
is generally regarded as necessary, and for this reason a
full-choked 12-bore 2|-inch is the most popular gun.

Gu n s f o r  Wo o d -Pig e o n  Sh o o t in g . Pigeon shooting
as practised at Monte Carlo and elsewhere on the Con-
tinent is forbidden by law in England. I have no
intention of discussing the ethics of this form of shooting,
but it cannot by any stretch of imagination be regarded
as a sport, since one of the first essentials in any true
sport  is  the  hunting  of  a  wild  animal.

Wood-pigeon shooting is, therefore, in a very different
category,  for  there  is  no bird more wary or  more difficult
to approach. Wood-pigeon are invariably credited with
great vitality, and they certainly do seem to carry off an
abnormal amount of shot at times. I am, however, in-
clined to think that some— although by no means all— of
their reputation for toughness is due to the fact that they
are  much  smaller  birds  than  they  look,  and  that  in
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consequence they need a dense pattern to ensure a pellet
striking  a  vital  spot,  as  can  be  seen  from  the  Table  on
page 96. Owing to the reputation for toughness which
these birds enjoy, sportsmen frequently use large shot
sizes, thereby reducing the densities of their patterns.

If any shooter has sufficient opportunities for shooting
wood-pigeon to make it worth his while to get a special
gun, there can be no doubt that a full-choke 12-bore
2|-inch would be a wonderfully effective weapon. Yet
even so I am inclined to think that an ordinary 12-bore
2|̂ -inch  would  be  very  nearly  as  good  if  it  were  fitted
with an extra pair of barrels both of which were full
choke. With Maximum cartridges it would be just as
effective as the larger gun. It is a distinct disadvantage
to a good many shots to use guns of different weights.
One gets accustomed to a particular weight of gun and
a change in weight can upset one’s swing. So, on the
whole, I would recommend an extra pair of barrels, both
full choke, being fitted to an ordinary game gun in
preference to the purchase of a long-chambered pigeon
gun, as the 12-bore 2|-inch is commonly called.

G U N S  F O R  W I L D F O W L I N G

The pursuit of wildfowl often entails shots having
to be taken at very long ranges at trips of fowl rather
than at individual birds. Large shot is essential in
order to maintain penetration at the long ranges, and a
heavy shot charge is equally necessary to keep the pattern
up to the necessary minimum density. The combination
of a heavy shot charge and large size of shot means a large
gun, and not so very many years ago 4-bores and 8-bores
were by no means rare, while lo-bores were common.
None of these large bores call for special mention, and
the most suitable size was decided best by the shooter’s
physique. It gradually came to be realised, however,
that no man was really strong enough to tramp over miles
of foreshore canying a very heavy large bore gun and
use it to full advantage. For this reason the 4-bores
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and 8-bores gradually became relegated to professional
fowlers  or  else  to  be  used  in  flight  shooting  only,  and  the
lo-bore came into general favour. But as time passed
this size, too, was found to be beyond the ordinary man’s
strength and now the 12-bore 3-inch is unquestionably
the most popular gun, although it is quite possible that
a light lo-bore would handle the 12-bore magnum charge
to greater advantage baUistically.

Ch a m b e r l e s s  G u n s . It is possible, however, that
for wildfowl shooting a useful type of gun is the Chamber-
less Gun, a type which owed its development to the late
Dr. C. J. Heath.

The term " chamberless ” is not strictly accurate, as
all guns must have chambers to receive the cartridges,
but in these special guns, the diameter of the bore is the
same as that of the chamber, and they are chamberless
in that they have no chamber of larger diameter than the
bore. Thin brass cases can only be used in such guns, for
if ordinary paper cases were used the wads would be too
small to seal the bore during the passage of the shot
charge down the barrel. Owing to the absence of any
form of chamber cone, brass cases of different lengths can
be used with equal efficiency, and consequently different
loads can be fired effectively from the same barrel.

Dr. Heath was for many years a strong advocate of
the low velocity principle for wildfowl loads, and by its
adoption  used  shot  charges  of  i f  ounces  of  BB  in  a  gun
weighing but 7J lb. without any excessive recoil, while
the patterns are excellent. This apparent absence of
recoil has been at various times attributed to the absence
of the chamber cones. But this explanation is, of course,
quite incorrect, the true explanation being the low
muzzle velocity with which these heavy shot charges are
propelled. These heavy shot charges require 3-inch
brass  cases,  and  Dr.  Heath  found  that  a  felt  wad  of  but
i inch thickness was sufficient because the absence of a
chamber cone permits of effective obturation of the bore
from the very moment that the felt wad emerges from the
mouth of the cartridge-case.
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For snipe one ounce of No. 8 can be used in a short
case with a normal powder charge.

The very fact that thin brass cases must be used must
prevent such guns from ever coming into general use
for ordinary shooting, but in wildfowling the brass cases
are an advantage and for this form of sport these chamber-
less guns are undoubtedly excellent.

Although Dr, Heath’s chamberless guns were the
result of his own initiative, all guns which are specially
chambered for thin brass cases are really chamberless in
that the diameters of the bore and the chamber are
practically identical. But the ordinary guns chambered
for  thin brass  cases  are  made up to  the full  weight,  while
Dr. Heath’s chamberless guns were designed and evolved
specially for the low velocity principle of loading, and it
is this fact which was so much in their favour since they
were much lighter than the standard types of guns
chambered for similar thin brass cases.

P u n t  G u n s . Punt Guns or Stanchion Guns hardly
come within the category of shotguns, and so only the
briefest description of them will be given, especially as
full particulars of these guns, their ammunition, appliances
and the methods of using them are given in Letters to
Young Shooters [Series III),  by the late Sir Ralph Payne-
GaUwey. This admirable book is out of print, but copies
can still be obtained in the second-hand m arket; and
although it was published as long ago as 1896 the particu-
lars about punt guns are just as accurate now as they v/ere
then.  For  punt  guns  have  changed  little  in  the  last
hundred years, and the majority of punt guns in existence
and use at the present time are muzzle-loaders. Breech-
loaders have undoubted advantages for this form of shoot-
ing, but these advantages are not in any way comparable
to the advantages possessed by the breech-loading game
gun, while muzzle-loaders are less liable to suffer damage
should it be necessary to heave the gun overboard in bad
weather and leave a mooring buoy to mark its position.

Punt  guns  vary  in  diameter  of  bore  from  i j  to
2  inches,  and  fire  shot  charges  of  from  12  oz.  to  2  lb.
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The propellant is always black powder, as suitable smoke-
less propellants give little or no advantage, and cannot
be used in muzzle-loaders.

The areas within which sport with punt guns is to
be obtained are unhappily gradually decreasing in size,
and it is probable that at the present time there are more
punt guns in existence than can be used. The number
of breech-loading punt guns which have been made is
comparatively small, and it is doubtful if many new ones
have been built since 1914. It is always possible to pick
up a punt gun second-hand, while the cost of building a
new breech-loader would be so terrific as to frighten the
majority of amateur punt-gunners.

The late Mr. H. Leybome Popham, who probably had
as much experience of punting after wildfowl as any
amateur in the present century and far more than most,
told me that he always used a special double 4-bore
wildfowling  gun  by  Bland  mounted  with  a  rope  to  take
the recoil which was passed through a hole in the stock,
instead of a punt gun proper.

BALL AND SHOT GUNS

The light weight and general handiness of a shot gun
are so pronounced in comparison to a rifle that there
have always been big-game hunters who advocated the
use of spherical ball in a shotgun for close-quarter work
against heavy game in thick jungle, or from the back of
an elephant. And there is the additional advantage in
using a weapon with which the shooter must be more
familiar than he can usually hope to be with a heavy rifle.
The presence of choke, however, has always been a
difficulty. If the spherical ball fitted the bore, a bulge or
burst would be inevitable when the barrel was choked
even to the lightest degree. And if the baU was of
sufficiently small diameter to permit its passage of the
choke " windage ” would occur. That is, the gases
would escape past the ball during its passage up the bore,
which would cause loss in velocity and accuracy.
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There were two methods of overcoming this difficulty,
both of which were popular in India sixty years ago. The
first was to use a gun fitted with absolutely true-cylinder
barrels ; and the second was to wrap the under-sized ball
in a patch of soft leather which would help to effect
obturation while being sufficiently compressible to allow
the ball to pass the choke without causing damage.

Then came the invention of the “ Paradox ” gun by
the late Colonel Fosberry, V.C. In this type of gun the
choked portion of the bore was rifled with deep grooves,
while the rest of the bore was smooth. The buUet was
conical  and  was  given  a  spin  by  the  rifling  at  the  muzzle
which was sufficient to ensure accurate and stable flight.
Ordinary shot charges could also be used and very fair
patterns be obtained.

The advantages of the Paradox were great, and in
its early days it was frequently made in 8-bore and
lo-bore sizes, as these guns were considerably lighter
than rifles of the same gauge and gave nearly the same
power. These large bore Paradox guns, however, were
not seriously intended for use as shotguns, being merely
heavy big-game rifles, and they were superseded by the
medium bore “ high velocity ” rifle on the introduction
of smokeless rifle powders.

The i2-bore Paradox, however, still remained popular
for jungle shooting and was made in smaller sizes as well
for use against lighter game in thick cover, while those
who preferred a somewhat heavier weapon could have a
Magnum Paradox, which was a 12-bore chambered for
2|-inch cases.

The popularity of the original Paradox led to the
manufacture of other guns of the same t3q)e. Some of
these were made with " invisible ” rifling the whole way
up the bore, that is with very shallow grooves which were
just sufficient to spin the conical bullet yet not enough
to spoil the shot patterns unduly.

But at the very best these guns were not very good
shotguns although they were effective rifles. In the first
place they were all heavy— y j lb. was a normal weight
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for an average 12-bore : and the patterns were never so
good as those obtained with an ordinary gun. If the
boring was so made that patterns were improved the
accuracy of the weapon as a rifle deteriorated ; and since
most men wanted these weapons as rifles in the first
place and shotguns in the second, pattern was made to
give pride of place to grouping power.

The next advance was the invention of the ” Lethal ”
bullet. This was a spherical bullet made with three
narrow flanges of lead round its circumference. It was
of small enough diameter for passage even down a full
choke; but the flanges were thick enough to seal the
widest part of the bore effectively and thus prevent
windage, yet they were soft enough to allow the bullet
to pass the choke without strain. Another improvement
was the insertion in the centre of the buUet of two
circular steel discs set at right angles to one another which
helped the bullet to expand on impact against an animal.

The Lethal bullet was introduced early in the present
century and rapidly became very popular in India as it
enabled a sportsman to turn his ordinary shotgun into
quite an efhcient rifle for close-quarter work in the jungle.

In 1921 the “ Contractile ” bullet was placed on the
market. In principle this buUet is very similar to the
Lethal. It consists of a spherical ball of smaller diameter
than the muzzle end of a full-choke barrel, which is
contained in a thin " skin ” of soft metal. There is a
space between the skin and the core which is filled with
wax, and the skin is held in position by a few projections
which protrude from its inside surface and touch the
core. There are also holes in the skin through which the
wax is forced when the buUet is compressed, thus causing
lubrication. Expansion on impact is produced by the
presence inside the core of a capsule of heavy amalgam.

The diameter of the skin is sufficient to seal the bore,
but the space between the skin and the core permits of
easy contraction during the passage of the choke, and this
contraction forces the wax out through the holes in the
skin.
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I  do  not  think  that  there  is  anything  to  choose  in
efficiency between the Lethal and Contractile bullets.
Both are quite excellent. I carried out tests of the
Contractile buUet which were reported in the Field of
May 14th, 1921. The cartridges used in these tests were
loaded with 35 grains of Smokeless Diamond. In a full-
choke pressure barrel the average i-inch pressure was
but i ’5i tons and the average 6-inch pressure 1-35 tons,
while the mean observed velocity over 20 yards was
1,113 f-S-, which would give a corresponding muzzle
velocity of about 1,200 f.s.

It should be realised that a spherical bullet offers
much less resistance than a shot charge, and it is for this
reason that the pressures and velocity are lower than
those developed by an ordinary shot cartridge.

My tests included trials for accuracy which were made
in a single-barrelled experimental gun fitted with inter-
changeable barrels bored true cylinder, improved cylinder,
half choke and full choke.

I fired groups of five shots at 50 yards, and it was
interesting to notice how the size of the group increased
with the degree of choke. With a true cylinder I ob-
tained a 4 J-inch group : that is the centres of all the shots
were contained in a circle of 4J inches in diameter. An
improved cylinder gave a 5-inch group ; a half-choke one
of 7 inches ; and a fuU-choke one of 10 inches.

It must be remembered that these groups were aU
obtained in a single-barrelled gun, as the object of the
tests was to try to ascertain the probable degree of
accuracy of which the bullet was capable rather than
the gun. It would not follow necessarily that the two
barrels of an ordinary game gun would “ shoot together ”
and give such good grouping as a single barrel. This
could only be determined by testing an individual gun,
as it is doubtful whether any two guns would behave
quite alike.

But 50 yards is a long range for the type of shooting in
which spherical ball can be most useful, and it is fairly
safe to assume that the accuracy of any ordinary game



P L A T E XIII

(A) A P h o t o -m i c r o g r a p h o f t h e  F i s s u r e i n t h e  B a r r e l s h o w n i n  P l a t e
X (A) t a k e n a t t h e p o i n t 4 w i t h a m a g n i f i c a t i o n o f 250 u i a m e t e r s

The fissure is here shallower and wider than it  was at point 3

(B) A P h o t o -m i c r o g r a p h o f t h e s a m e  F i s s u r e t a k e n a t t h e p o i n t 5 i n

P l a t e X (A) w i t h a m a g n i f i c a t i o n o f 250 d i a m e t e r s

Here the fissure is still wider but less deep
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gun when used with these bullets is sufficient for the
distances at which shots are generally taken.

Sportsmen will naturally ask, " I s it really safe to
use Lethed or Contractile bullets in my gun ; or will I
damage the choke ? ”

My own belief is that these bullets can be used even
in a fuU choke with absolute safety. Nevertheless, in
order to be absolutely on the safe side, I think it might
be better to place a half choke as the limit in which to use
them, especially if the gim is a good one. In improved
cyhnder and quarter choke they can be used with absolute
confidence.

A third and more recent  type of  round baU for  use  in
choked guns is the " Destructor ” bullet which consists
of 16 lead pellets of about the size of SSG shot in a
spherical lead case, the outside of which is flanged so as
to permit its passage through a choke.

The advent of Lethal and Contractile buUets has had
a very marked effect on the number of true Ball and Shot
guns made and sold, and these weapons are not nearly so
popular as they used to be.

There is another type of bullet designed for use in
choked guns known as the “ Rotax.” This buUet con-
sists of a hollow cylinder of smaller external diameter than
the choke, windage being prevented by flanges as in the
Lethal. The inside portion of the cylinder is fitted with
large helical flanges which make the buUet spin during
its passage through the air, and thus maintain accuracy.
I have had no personal experience of this bullet and so am
not in a position to offer an opinion. It would seem,
how'ever, that the penetrative powers of the bullet must
be less than those of the Lethal or Contractile, while it
could be more easily deflected by twigs than a spherical
bullet.

Another bullet designed on the same basic principle as
the Rotax was the German “ Brenneke ” which had a
pointed nose, while the outside of the cylindrical part of
the buUet was engraved with hehcal ridges which helped
to impart a spin. Another feature was a felt wad which
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was screwed to the base. This bullet was sometimes
imitated, but those imitations which I have seen were
very clumsy and gave exceedingly poor results. But I
doubt if even the genuine Brenneke could ever have
competed with the Lethal or Contractile for all-round
practical utility.

The Winchester ” Rifled Slug ” is yet another buUet
designed on the same principle as the Brenneke, with
helical grooves on the outside of the cylindrical part of
the bullet.

SHOT PISTOLS

Shot pistols can be very useful on occasions to others
beside poachers. A pistol is light and very easily carried,
so can become a constant companion when a gun would
be an impossible nuisance, and one thus becomes able to
keep down destructive vermin when fishing or taking a
walk. For the big game hunter, too, they can be very
handy and useful weapons.

I am inclined to regard a double-barrelled pistol as a
mistake : it is too heavy and clumsy to be easily portable,
which is the first essential. It is also almost impossible
to use two triggers effectively in a pistol owing to the
difficulty of slipping one’s trigger finger from the front
trigger to the rear one without changing the grip on
the butt. For this reason if a double-barrelled pistol is
regarded as essential it 'would be better to have a single
trigger mechanism, which would add to the cost.

One of the most important parts of any pistol is the
butt. The photograph in Plate III shows the wooden
butt of a muzzle-loading holster pistol by Joe Manton.
In order to avoid any possibility of confusing the lines
the lock was removed from the pistol when the photograph
was taken. This butt is an almost ideal shape for a
pistol, and it would be impossible to do better than follow
its lines.

The  best  length  of  barrel  is  from  lo  to  i i  inches,
while the action can be of any type according to the price
which  the  sportsman  is  prepared  to  pay.
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It is frequently possible to pick up old single-barrelled

shotguns at a very small cost, and such actions will make
excellent pistol actions. A hammerless action is pre-
ferable to a hammer one as there is no projecting hammer
to catch in the pocket or bag in which the pistol is carried.

The question of bore is not so easily decided and
must largely be a matter of individual opinion. A -410
is rather on the small side for serious work, and a 20-bore
gives a somewhat heavy recoil. Probably a 28-bore is
the best compromise, as it is distinctly more powerful
than the -410, lighter and more pleasant to fire than a
20-bore, and the cartridges are sufficiently small not to
take up too much space when portability  is  an important
factor.

The boring will probably have to be decided by actual
experiment. Theoretically a certain degree of choke
should be an advantage, but I have seen quite excellent
patterns given by a true cylinder 20-bore pistol with an
ii-inch barrel. This particular barrel, however, was
bored very “ wide,” which certainly helped matters.

Pressures near the muzzle, and muzzle blast, must
always be difficulties in a shot pistol, and for this reason
the  powder  charge  should  be  kept  on  the  low  side,  and
best results will certainly be obtained by low-velocity
loading.

The 20-bore pistol which I have just mentioned belongs
to my friend, Rear-Admiral Sir Patrick Macnamara,
K.B.E., C.B., R.N., and we tried some experimental
loads  together  when  we  found  that  the  best  patterns
were given by a combination of 20 grains of Smokeless
Diamond and | ounce of No. 6 shot. At 20 yards the
average pattern was i6g, and at 30 yards 118 ; while with
the standard load the average patterns at these distances
were but 150 and 82. The observed velocity from an
ii-inch barrel was naturally low, being but 750 f.s. with
the low-velocity load and 823 f.s. with the standard load.
This would mean that penetration would be sufficient up
to about 35 yards with the low-velocity load and 40 yards
with the standard. Since 30 yards would be the absolute
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limit of range at which a shot should be taken with a pistol
the low-velocity load is appreciably the better of the two.

In order to show what can be done with a pistol it
is interesting to record that Admiral Macnamara once
killed a cock pheasant, a snipe, a duck and a woodcock
in four consecutive shots with this 20-bore pistol. And
since then he has killed four snipe with five cartridges.

Finally, the novice in pistol shooting cannot be
reminded too forcibly that a pistol is the most dangerous
of aU firearms on account of the ease with which its short
barrel can be turned about. On this account even extra
care should be exercised, if that were possible, when
handling a pistol than when handling a gun or any other
lethal weapon.

B U Y I N G  S E C O N D -H A N D  G U N S

Most shooters will probably be faced at some time or
other with the problem of bujdng a second-hand gun,
either for themselves, friends or keepers. So a few notes
on this  subject  may not  be  out  of  place.

The qualities of actual design which go to make a
good second-hand gun are exactly the same as those
which  go  to  make  a  good  new  one,  and  so  no  further
references will be made to actions, length of barrel, size
of gun, etc., as all these points have been dealt with
fully.

There cannot be the same choice in the matter of
boring in a second-hand gun as in a new one, yet it is
always as well to ascertain, if possible, the exact degree
of choke in either barrel. If the vendor is a gunmaker
or a dealer who specialises in second-hand weapons he
will be certain to have a proper gauge at hand with which
he can measure the actual amount of constriction made
in the choke. This information should give some idea of
the patterns which are likely to be made, but if possible
it is always better to see the gun actually shot for pattern,
especially if a high price is being paid.

If this is not possible the number of the gun should be
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noted and enquiries made of the original maker concerning
its date of manufacture, original boring, and any other
information which can be given. The maker will in-
variably be glad to help with such information because
the owner of a gun of his make, even if it were purchased
second-hand, is always a potential customer.

When a gun is being bought second-hand from a gun-
maker or dealer with a reputation to maintain, its general
“ soundness ” ought to be above suspicion. But some-
times a gun may be bought under conditions in which
there cannot be any such implied warranty. In such
cases the buyer must trust to his own judgment and he
will then be well advised to test and examine the gun in
the following manner.

First test the gun to see whether the action has worn
loose in any way. The simplest way of doing this is to
hold the closed gun with the barrels uppermost in a
horizontal position, grasping the barrels and stock firmly
with the left hand just in front of the trigger guard, and
then to hit the heel of the butt sharply with the fist of
the right hand. If the action is at all loose, a distinct
rattle will be felt in the left hand every time the butt is
struck.

If the gun is felt to rattle appreciably, the purchase
should not be made without first consulting a competent
gunmaker.

This test is very useful, but it is not infalHble. In
some types of action, the Purdey action for example, the
mainsprings are exerting an upward pressure against
the barrels which is sufficient to prevent any rattle being
felt.  So  if  there  is  any  doubt  about  the  type  of  action
the locks had better be removed and the test repeated.
Sometimes a gun may seem quite tight with the locks on
which will rattle badly when they are off. It is a sound
plan, therefore, to make this test with the locks removed
in any type of self-opening gun.

If the barrels are badly “ off the face of the action,”
that is if the breech ends no longer fit tightly against the
action face, it is sometimes possible to see daylight between
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the breech end of the barrels and the action when the gun
is closed and held up against the light.

The next test should be to see whether the barrels
are sound and free from cracks. Such a thing is ad-
mittedly  unlikely,  but  it  is  not  impossible,  and  it  is  as
well  to  be  on  the  safe  side.

All that is necessary to do is to suspend the barrels by
a loop of string passed round the hook of the forward
lump, and then to tap the right and left barrels in turn to
make sure that they give out a clear metallic ring and not
a dead sound.

The inside of the bore should be examined carefully for
pitting and dents. Perhaps the easiest way of detecting a
dent is to examine the outside of the barrel rather than the
inside. To do this remove the barrels from the stock and
hold them out just below the eye in a similar manner to
that in which they would be held when looking down the
bore. Now move the barrels about until some dark mass
— the top edge of a window is excellent for the purpose—
casts a shadow-like reflection on the barrels. It will be
found that this reflection takes the form of a thin dark line
running longitudinally along the uppermost part of the
surface of the top barrel. If this line is foreshortened
any dent  which may happen to  lie  on it  wiU immediately
show as a break. If there is no such break, there is no
dent on that particular longitudinal line. The barrels
should then be revolved in turn until the dark line has
been thrown on every portion of both barrels, when any
dent which may exist will be noticed.

Sometimes the muzzle of a barrel is bulged all round
ahead of the choke, and this is known as the “ choke
being lifted.” Such lifting of the choke can be noticed
at once by foreshortening a thin shadow in the manner
which has just been described.

In order to see dents from the inside, look down the
bore while holding the gun against the light and gradually
manipulate the barrels by describing small circles with the
hand which is holding them out. If there is a dent it will
throw a shadow, which will appear as a dark spot, when
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the barrels are held in a suitable position in regard to the
light and the eye.

Just as the barrels should be examined for pitting,
so should the action be examined for corrosion. But if
the only visible damage consists of pitting round the
striker holes, and the gun is in otherwise good condition,
this pitting can be safely assumed to be due to erosion
caused by gas escapes, as was explained in Volume II,
and can be ignored.

A  very  good  guide  as  to  the  amount  of  use  which  a
gun  has  had  is  the  state  of  the  chequering.  If  this  has
worn almost smooth it is a sure sign that the gim has seen
a great deal of service, and the price should be correspond-
ingly low.

It is, of course, possible for a gun to be re-chequered ;
but  this  is  not  very  likely  to  have  been  done  unless  the
vendor is deliberately trying to “ fake ” the gim.

The Proof Marks should be examined carefully, and
it is a safe rule not on any account to buy a gun which
has not been Nitro Proved. Any dealer who knowingly
sells a gun which has not been Nitro Proved and who
fails to point this fact out to the purchaser is stepping
over the border-line of honest dealing. So this is a point
to which the purchaser should make a point of paying
special  attention.  The whole  matter  of  Proof  Marks will
be dealt with in Chapter XV, so I wall say no more about
them here beyond stating that they also indicate whether
a barrel is true cylinder or has any degree of choke at the
muzzle.

If the gun seems in every way satisfactory the only
point that remains is the fit, and this can be tested roughly
by putting the gun up to the shoulder and aiming at some
mark. If the fit does not seem very far out the purchase
can be made with confidence, and any alterations in fit
which may be necessary can be carried out afterwards
either by the original maker of the gun, or by any other
competent fitter.

One final word of warning. There are many cases
recorded of names of the leading makers being “ forged.”
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That is, inferior guns have been spuriously engraved with
names of famous makers who had nothing to do with the
guns in question. And there have also been instances of
ribs taken off old pairs of barrels by leading makers which
have  been  put  on  the  barrels  of  very  cheap  guns.  The
ribs carry the name of the maker of the original gun, and
such a procedure can only be regarded as a deliberate
forgery. The possibility of such things occurring em-
phasises the importance of consulting the alleged original
maker if there is the slightest reason for suspicion.



C H A P T E R  X I V

CLEANING AND CARE OF GUNS

By  this time the reader will have been through
every stage of choosing, buying and using his
guns and cartridges ; and there only remains the

problem of cleaning the guns after use. Although it
takes but little time to clean a gun thoroughly this work
is all too often neglected or else left to some servant who
is, through no fault of his own, ignorant of what should
be done.

In order to clean a gun properly a suitable outfit of
appliances is essential. The cleaning outfits generally
included in the cases of even the very highest grade guns
are usually too crude for words. This is because gun-
makers do not seem to have studied the question from
the point of view of the shooter: the methods which
gunmakers use themselves are very efficient but quite
inapphcable to private life. Consequently the apphances
usually sold show no advance of knowledge over that which
prevailed in the early days of breech-loaders. In this
respect the Americans are far ahead of us. The average
American shooter takes more interest in the purely
mechanical side of his guns and rifles than his " opposite
number ” in Great Britain, and American retailers cater
for this interest. To the best of my belief the only firm
in Great Britain which has speciahsed in the more scien-
tific appliances for cleaning both shotguns and rifles is
Messrs. Parker-Hale, Ltd., Bisley Works, Birmingham.
If I am maligning other firms I can but apologise : but
I have not seen the variety of up-to-date apphances which
Messrs. Parker-Hale invariably have in stock in either
the shops or catalogues of any other firm.

Let us now see what appliances should be included in
a proper outfit for deeming shotguns.

Cl e a n in g  Ro d . First comes the cleaning rod. The
279
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ordinary wooden rods are quite satisfactory, but it is
essential that the female screw at the end into which the
various brushes, etc., screw should be of standard size.
This is most important, as few things can be a greater
nuisance than the inability to transfer any standard
brush or other appliance to any particular rod. A
shooter may be abroad and unable to get any brush
except those with standard sized screws. It is, therefore,
a great mistake to get any rod except one with a universal
screw fitting.

A type of rod which is to my mind altogether superior
is made by Messrs. Parker-Hale on the lines of a rifle
cleaning rod. It is steel covered with celluloid, jointed
in the middle. This joint is of very good design and
better than the usual type of joint. These rods are not
so bulky as wooden rods, stronger, and altogether neater
to use.

It is wise not to economise in the niimber of rods, as it
is a great convenience to have a different rod for every
type of brush, etc., which is used and thus avoid the
bother of unscrewing and screwing on different appliances
to  one  rod.  For  this  re2ison  two  rods  should  always  be
included in every gun case— t̂here is seldom space for more
— while half a dozen is not too many to have ready for
use in the gun-cupboard. The initial cost is not heavy ;
the rods will last for an almost indefinite number of years,
and the convenience is great.

Wi r e  Br u s h e s . I regard a wire brush as essential.
It is sometimes argued that it scratches the bore.
Theoretically I suppose it does; but in practice it does
not, provided a brass wire brush is used, which is much
softer than the steel of the barrels. Theoretically again,
brass is not a very suitable substance for a brush for
cleaning firearms, because, during use, small particles of
the brass  will  almost  inevitably  adhere to  the bore  :  and
this close contact between brass and steel is likely to set
up electrolytic action which is conducive to the formation
of  rust.  But  in  this  matter  I  do  not  think  we  must  be
too pedantic in binding ourselves to theory, as there is
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no doubt that brass brushes have been used in innumer-
able firearms without causing any harm. Personally I
have used brass brushes in my shotguns for years and
I intend to continue their use.

The  most  common  pattern  is  that  known  as  the
" Turk’s Head ” type, but a better kind is the “ Payne-
Gallwey ” which consists of a number of flat circular
brushes, the bristles of each radiating outwards from the
centre, all fixed on one common stem, making a cylin-
drical brush about 2 inches in length.

Another excellent kind is an American invention,
the “ Marble ” Cleaner. In this the circular brushes
are mounted on a flexible stem which can be bent so as to
bring extra pressure to bear on one side or another, which
is a useful dodge when the brush begins to get worn.

L e a t h e r  P o l i s h e r . I believe this was first designed
by the late Sir Ralph Payne-Gallwey. It is a most
excellent device and corresponds to a leather lap for
cleaning rifles, consisting of a number of circular leather
discs fixed one in front of each other on a common stem.

J a g . This is a very important item as it carries the
principal cleaning material. The form of jag depends on
the material to be used. Gunmakers invariably use tow
and this is well suited for the purpose as it is cheap and
absorbent. It is, however, by no means easy to twist
exactly  the  right  amount  of  tow on to  the jag.  If  there
is too little the gun is not cleaned, and if there is too
much there is risk of damaging the barrel. I fancy
most shooters have seen some keeper cleaning a gun with
tow and banging the end of the cleaning rod on the
ground in order to push a lump of tow through the barrel
which is really too big for the purpose. A shotgun
barrel is a thin tube, and this is one of the easiest methods
of bulging a barrel, and thus spoiling its shooting, that
exists.

Consequently I would never advise the use of tow
outside a gunmaker’s shop. Flannel patches, similar
to those used for cleaning rifles, are better for the actual
cleaning, and much easier to manipulate.
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(A )

(B)

(C )

(D )

(E )

F i g . 30.— Cleaning appliances for Shotguns.

(A) " Payne-Gallwey ” Brass Wire Brush. (B) Marble’s Patent Cleaner.
(C) " Payne-GaUwey ” Leather Polisher. (D) Parker-Hale Jag for flannel
Patches. (E) Loop Cleaner.
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A jag of some sort is, however, necessary to carry
the flannel patch, and the best type I know is Messrs.
Parker-Hale's which is shown in Fig. 30 (d ). One end
of the flannel patch is inserted in the slot and the rest of
the patch is than wrapped round the jag, thus making
a perfectly cyhndrical, resilient and absorbent surface
which exactly fits the bore. The original jag of this
type was made of brass, but later horn was substituted
for brass, and this was a great improvement, as it is hghter
than brass and cannot possibly injure the inside of the
bore.

Messrs. Parker-Hale sell flannel patches of the right
size for different bores ; but it is much cheaper and just
as  good  to  make  up  one’s  own.  The  actual  size  of  the
patch must depend on the thickness of the flannel or
flannelette.  This  latter  material  can  be  bought  by  the
yard very cheaply, or one can cut up old flannel trousers,
pyjamas, etc. Once the correct size has been found by
experiment, a large number of patches can be cut up very
quickly.

The  patch  should  make  a  nice  tight  fit  in  the  bore
when wound round the jag, but should not be so tight as
to require undue force in pushing it through.

At  least  two  of  these  jags  should  be  included  in  the
outfit, and three or four are not too many, as it is useful
to have spare jags at hand for using oily or dry patches as
the occasion demands as  well  as  to  have one for  carrying
a patch covered with some abrasive paste.

Another  useful  type  of  jag  is  that  shown  in  Fig.  30
(e ), which is known as a " Loop Cleaner.” The illustra-
tion explains the method of use, two long thin patches
replacing the single patch wrapped round the Parker-
Hale jag. This Loop Cleaner is a useful tool for drying
out  a  barrel,  or  for  smearing  the  inside  of  the  bore  with
o il;  but  for  general  purposes  the  Parker-Hale  jag  is
preferable.

A worn Payne-Gallwey wire brush makes a very
useful jag, as quite a small flannel patch can be used
wrapped round it.
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Br is t l e  Br u s h . A bristle brush of similar design
to the Payne-Gallwey wire brush is a useful adjunct, but
not an essential one. It is particularly handy for smear-
ing the inside of the bore with thin oil.

Mo p. The ordinary wool mop which is almost always
included in the outfit supphed by a gunmaker is also
useful but not essential. It can be used like the bristle
brush  for  smearing  thin  oil  inside  the  bore.

Ch a mbe r  Br u s h . The chamber is of larger diameter
than the bore and so requires a larger brush. One of the
type shown in Fig. 31 is as good as any and is particularly
useful for cleaning the rear ends of the chamber cones.

T o o t h br u s h e s . A couple of old toothbrushes should
be carried in every gun case as they are invaluable for
cleaning the outsides of the barrels, fore-end and action.

Ra g s . At least two rags, one oily and one com-

F i g . 31.— Chamber Brush with Protector.

paratively clean and dry, should be carried in every
gun case for wiping the gun over and drying it when wet.
In course of time a dry rag will develop automatically into
an oily one, but special oiled rags can be bought. These,
however, are rather expensive, and it is quite easy to make
a rag oily oneself. It is astonishing to see the amount
of oil which a rag can absorb without becoming impreg-
nated all over ; but if the rag is first moistened in petrol
and a comparatively little oil is poured on the middle
when the rag is spread out, the oil wiU be dissolved by the
petrol and this oily solution become spread evenly all over
the rag. If it is now left to dry the petrol wiU evaporate
and leave the rag oily all over, but not dripping.

O i l s . Cleaning oils are most important. In the
days of black powder Rangoon oil was used universally,
but chemistry has made advances since then. Generally
speaking, two main types of oil are needed for cleaning
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guns  :  a  very  fine  oil,  and  a  very  heavy  one  which  can
really be a grease.

A thin oil is essential for ordinary cleaning as a thick
oil will not percolate right into the action and spread
itself over smooth surfaces. But if a thin oil is left in the
bores and the gun is kept standing in a cupboard for some
time the oil wiU all drain downwards and leave the
upper parts of the bores exposed. So for protection from
the atmosphere a thick oil or grease is necessary.

In Volume II it was explained that the presence of
an alkaline residue prevented the formation of rust, so it
will be clear that an alkaline oil should be used if possible.
Unfortunately it is not easy to procure a thin oil which is
markedly alkaline, as chemically it is difficult to dissolve
an alkali in an “ oil.” For this reason different samples of
the same oil wiU frequently vary in their degree of
alkalinity, and so it is not possible to say definitely that
any particular oil is more alkaline than another. The
only three oils which I know to be alkaline are B.S.A,
” KleenweU,” Young’s “ -303 Cleaner ” and CogsweU
and Harrison's ” CosweU.” I think that there is Httle
to choose between these three oils, and one or the other
should certainly be selected.

AU three of these are thin oils, but Wakefield's " OiUt ”
and the American ” Three in One ” are probably finer,
and so a smaU tin of one of these last-mentioned two oils
should  also  be  included  in  the  outfit,  as  a  very  fine  oil  is
useful for the locks and action. Neither of these oils is
alkaline, both giving neutral reactions.

There are various thick oils or greases between which
there is little to choose. Young’s ” *303 Semi-Liquid
Cleaner ” and " CosweU ” jeUy are the only greases which,
to my knowledge, are alkaUne. Ordinary mineral jeUy
is exceUent, and a good mixture can be made by melt-
ing some mineral jeUy and adding either Young’s or
KleenweU thin oil to the resulting fluid. This mixture
should be weU stirred and then left to cool, when a thick
oil wiU be formed which has a sUght alkaline tendency.

In India and neighbouring countries coco-nut oil can
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be bought very cheap in the bazaars, and is an excellent
preservative for firearms, as it solidifies at a very high
temperature.

There are other kinds of preservatives for firearms
sold, but I am inclined to pin my faith to those which
have been mentioned. Some of these preservatives have
a great affinity for water, being in reality nothing more
than soft soap. Such substances must obviously be a
danger in a damp chmate, and so it is safer to use one of
the  greases  suggested  instead  of  anything  of  a  soapy
nature,  which may be most  useful  for  washing the hands
but not quite so suitable for preserving a valuable gun.

Ab r a s i v e  Cl e a n i n g  Pa s t e . Some kind of abrasive
paste is an essential item in any cleaning outfit since it
provides the best, quickest and easiest means for removing
metallic fouling (leading) from the bore.

At a pinch almost any comparatively mild abra-
sive will do. Powdered pumice. Monkey Brand soap,
“ Brasso,” “ Soldier’s Friend ” : these will all answer
the purpose. Their regular use, however, is not to be
recommended, as from their very nature they have a
pronounced polishing action which will in time wear
away the steel of the barrel. For this reason powdered
emery should never be used by amateurs.

There are three special abrasive pastes made for the
very purpose of removing metalhc fouling from rifles.
These are “ Motti ” Paste, B.S.A. “ Cunirid ” and “ Cos-
well ” abrasive. Motti is the most active abrasive of the
three; and Cunirid or “ Coswell ” is, therefore, the
safer. These pastes are so mild that it is impossible to
make any measurable effect on steel by their use.

The B.S.A. and Cogswell and Harrison also sell a
much more potent abrasive known as “ PoHshing Paste.”
Confusion between it and Cunirid should be avoided as it
is much more violent, being similar to jeweller’s rouge.
By its use it is quite possible to enlarge the bore of a gun
or  rifle  in  a  very  short  time.  It  is  of  great  value,  in  the
hands of an expert, for polishing rifle barrels and making
the bores absolutely parallel; or for purposely enlarging



CLEANING AND CARE OF GUNS 287

them slightly at a particular point. But the ordinary
shooter  will  be  wise  to  avoid  it  and  pin  his  faith  to
Cunirid or the “ Coswell ” abrasive.

M a x w a x . And finally I think that some preparation
is needed for maintaining the appearance of the stock.
Linseed  oil  is  useful,  while  any  of  the  oils  I  have  men-
tioned can be rubbed into the wood wdth varying advan-
tage. But the best preparation I know is “ Maxwax,"
which is sold in small tubes. It cannot be regarded
as an essential, but its use does help to maintain the
appearance of the stock and fore-end.

O R D IN A R Y  CL EA N IN G  A F T E R  U SE

Having acquired a full complement of cleaning
implements and appliances the shooter’s next step is to
use them.

Let us assume first of aU that the gun has been
used on a fine day when no complications have been
produced by wet working its way into the mechanism.

On taking the gun to bits the first part which needs
attention is the barrels, and in order to hold them more
comfortably the fore-end should be snapped on.

The first step is to remove the powder residue which
has been deposited more or less loosely in the bore. It
is a pity to dirty a clean flannel patch unnecessarily and
it is similarly a mistake to use a brush as the residue clings
to the brush and makes it dirty. What would seem to
be the best plan of all was suggested by a correspondent
to the Field many years ago, and I would hke to take this
opportunity of expressing to him my gratitude for one of
the most useful and practical tips I have ever been given.

This  tip  is  to  use  bits  of  old  newspaper.  The  paper
can be torn up into pieces of a suitable size, which can
very soon be found out by actual trial. One of these
pieces of paper is then rolled up into a ball and merely
pushed through the barrel, for which purpose a horn jag
screwed to the end of a cleaning rod is best, as there is
then no risk of scratching the bore. It does not matter
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in the least whether the paper is covered with print or
n o t; in fact the more print the better, as the ink acts as
a mild lubricant. About three pieces will usually be
enough for each barrel, after which all loose residue will
have been removed.

Then scrub each barrel out well with a brass brush
dipped in Young’s or Kleenwell oil, and then wipe the
barrel out dry with a flannel patch. The barrels should
now be inspected. Quite possibly they will be quite
clean, in which case they should be given a coating of
oil by passing a bristle brush or flannel patch up and
down each which has been weU saturated with Young's,
Kleenwell, or CosweU oil.

But if any signs of leading are seen further treatment
is necessary. Leading always appears as longitudinal
streaks in the bore, and the most usual places are just
in front of the chamber cones and in the choke. It can
sometimes  be  seen  better  from  the  muzzle  end  than  the
breech, so an inspection should be made from both ends
of the barrel.

The best way of removing leading is by the use of
Cunirid or Coswell mild abrasive paste. Some of this
paste should be squeezed over the leather cleaner and
the barrel well rubbed out with this. The paste in the
bore must then be wiped out with a slightly oily patch and
another examination made. If there are still some signs
of leading left, the same treatment must be repeated.
But  one  good  scouring  with  Cunirid  should  remove  all
ordinary leading. After a time the leather cleaner will
become so impregnated with Cunirid that fresh paste need
only be smeared on very sparingly at comparatively rare
intervals. If this cleaner is kept simply for this purpose
its somewhat dirty appearance will not matter in the
least.

Now remove all the Cunirid with a slightly oily patch,
and then leave the barrels  in  oil  as  before.

If the process of cleaning is carried out in a study, or
other living room, as it not infrequently is, a small cork
bath mat should be kept handy on which to rest the
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muzzle end of the barrels when using a cleaning rod.
This will protect both the barrels and the carpet.

Should the barrels be placed in a vice for cleaning they
must be well padded with rag, and great care exercised
to avoid denting them by clamping the vice too tightly.

The next step is to remove the fore-end from the
barrels again, and brush it all over with a toothbrush
dipped in Young's, Kleenwell, or Coswell oil, after which
a few drops of either oil can be squirted into the slots in
the rear end when the fore-end should be placed standing
up, pointed end downwards, so as to allow this oil to
percolate down into the ejector mechanism.

While the fore-end is so left attention can be paid to
the action and stock. The face of the action should
be  well  scrubbed  with  a  toothbrush  dipped  in  Young’s,
Kleenwell, or Coswell oil, and the rest of the action
wiped over with an oily rag, special attention being paid
to the knuckle and front ends of the cocking levers. A
few drops of the same oil can be squirted into the action
through the slots in the knuckle, past the action bolt, and
past the triggers.

The outside of the barrels can now be given a wipe
over with an oily rag, and a toothbrush dipped in oil
run  down  along  both  sides  of  the  upper  and  lower  ribs.
The extractors should be pulled out and a little oil squirted
under the heads, after which the gun can either be put
away in its case, or else assembled and placed in the rack
in a cupboard.

W a t e r  T r e a t m e n t . Provided British powders are
used, all of which give an alkaline residue on combustion,
the treatment which has been described is sufficient.
But  if  a  foreign  powder  is  used  it  is  advisable  to  pour
some hot water down each barrel in order to dissolve the
potassium chloride deposited by the cap and so prevent
” after rusting.” Cold water is just as efficacious, but hot
water dries out more readily and so is more convenient.
If this water treatment is adopted the use of paper for
removing the worst of the fouling can be omitted, as the
water will wash it away.
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After water treatment the barrels should be dried
out carefully with flannel patches.

In all other respects the procedure is the same as
before.

If “ Non-Rusting ” caps are used this water treatment
is  unnecessary.  And  here  it  may  be  as  weU  to  issue  a
warning.

Because of the wonderful protection against all
rusting  provided  by  the  best  type  of  modern  *22  rim-fire
rifle and pistol ammunition which have completely done
away with any necessity for cleaning apart from that of
removing leading in the barrel when it may have accumu-
lated to too great an extent after several thousand rounds,
there is a common belief that central fire cartridges with
non-rusting caps afford a similar protection and that
cleaning is unnecessary.

There can be no greater mistake. In a *22 rim-fire
cartridge the cap composition comprises about 33 per
cent, of the total explosive charge. In a central-fire
cartridge the cap composition comprises only about i per
cent, of the total explosive charge. Consequently its
influence is relatively slight compared to that exercised
by the cap composition in a -22 rim-fire cartridge. It
will doubtless be suggested that the total explosive charge
in a shotgun cartridge is much bigger than that in the
•22 and so the actual weights of cap composition do not
differ so greatly. This is true up to a point. But the
bore of a shotgun has a much larger area than that of
a *22 rifle, and for the same length of barrel the area of
the surface of the bore is eleven times greater in the
case  of  a  12-bore  than  in  that  of  a  *22.  All  that  the
central-fire non-rusting cap does, or can do, is to remove
the danger of “ after rusting.” It affords no protection
against ordinary rusting to which aU ordinary iron and
low chrome steels are liable. And unless the bore of a
barrel is properly cleaned and protected against ordinary
atmospheric rusting that barrel will run grave risk of
suffering irreparable damage sooner or later.
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CLE A N IN G  A F T E R  A  W E T  D A Y

Cleaning after shooting in heavy rain calls for extra
care and special precautions, as wet has a wonderful
way of working right into the action.

One of the principal places of entry is the knuckle.
Rain runs down the barrels and percolates between the
fore-end and the barrels and thence down through the slots
in the knuckle into the action. Theoretically the fore-
end should fit so tightly to the barrels that no moisture
can get past. But in practice a certain amount of play
is inevitable, as it is absolutely necessary for the fore-end
to be taken off and put on with ease, and this prevents a
completely water-tight fit.

But wet also works into the action through the slots
in the bar and past the action bolt every time the gun is
opened for loading or unloading. And another means of
entry  is  past  the  triggers.

Thus it happens that the following precautions should
be adopted in cleaning in addition to the procedure
which has already been described.

Let us begin with the action.
The first step should be to shake out as much moisture

as possible through the slots in the knuckle. This can
be done by holding the stock and jerking the action down-
wards  :  and  it  is  surprising  to  see  the  amount  of  wet
which can sometimes be shaken out by this means.

The  next  step  is  to  remove  the  locks.  If  the  gun  is
fitted with Hand Detachable Locks this is easy, and it
is really almost as simple in the case of side locks. I have
dealt  with the removal  of  locks  in  Volume I,  and so will
but state now that if any sportsman doubts his abihty
to remove the locks he had certainly better not try.
But it is really a most simple proceeding, the only train-
ing necessary being ability to use a tiim-screw without
burring the slots in the heads of the screws.

If the locks are removed they should be carefully
wiped over  and placed in  some warm spot  to  dry.

As much of the action as can be reached should now
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be wiped and then the whole stock should be placed with
the locks in a warm spot. But the spot should not be
too warm— inside a hot cupboard for example— or there
is risk of warping the wood.

The fore-end should next be treated in a similar
manner, that is, weU shaken to get rid of all movable
wet, and then wiped over and put with the locks and
stock to dry.

The most important places to which attention must
be paid in the barrels are the ribs and extractors. Wet
can be most easily removed from the crevices on each
side of the ribs by running an edge of blotting-paper
along them. They should then be well brushed from
breech to muzzle with a toothbrush which will carry any
remaining drops of moisture along with it.

The extractors should certainly be removed. This
is  very  simple,  all  that  is  necessary  being  the  removal  of
the stop-pin which will be found in the bottom of the
forward lump, as has been explained in Volume I. When
the stop-pin has been unscrewed the extractors cem be
taken out.  They should be wiped all  over,  and then the
barrels and the loose extractors and the stop-pin should
be placed with the stock, locks and fore-end to dry out.
The stop-pin and the pins which hold the locks had
better  aU  be  put  together  in  the  lid  of  a  tin,  or  in  some
small tray or saucer, as there is risk of losing them
otherwise.

The next morning every part of the gun and mechan-
ism should be well oUed, and the locks treated with a
little Oilit or Three in One, after which the whole gun can
be reassembled, and the stock and fore-end well rubbed
with Maxwax.

It should be realised that it is really of great import-
ance to give the different parts of the mechanism every
chance to dry out, and that they will get a much better
chance if left separately all night in some warm comer,
than they would were the gun put together or even put
away in its case.

Even if the locks are not removed the stock should
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be left to dry all night, as the moisture will then have a
chance to evaporate out through the slots in the knuckle.

It is for this reason that I am inclined not to regard
a sohd knuckle as such an unqualified advantage. It
is  true that  less  moisture  gets  into  the action of  a  gun in
which the knuckle is sohd. But moisture will always
work in past the action bolt, the triggers, and under the
lever ; and the slots in the knuckle help it to get out again
by evaporation, especially if the locks are not removed.

By the exercise of a httle care an action can be
rendered much more than normaUy waterproof. If the
weather looks threatening the upper part of the fore-end
which  comes  into  contact  with  the  barrels  should  be
smeared generously with mineral jelly, vaseline, or
Young’s Semi-Liquid Cleaner before starting out. Dollops
of the same grease should be put into the slots in the
knuckle, and as much grease as possible put on the lumps
of the barrels. When the gun is closed this grease will
be forced past the action bolt, and will help to make a
waterproof barrier.

The outside of the gun should then be carefully wiped
over to remove any superfluous grease or oil. A httle
petrol  on  a  dry  rag  is  a  great  help  in  getting  the  outside
of the gun, including the stock, absolutely free from oil,
which is important as an oily gun marks one’s clothes.

P U T T I N G  A  G U N  A W A Y  F O R  T H E  S E A S O N

Cleaning a gun before putting it away at the end
of a season, or for any period of more than a couple
of months, presents a slightly different problem from
cleaning  it  when  it  is  to  be  used  again  in  the  course  of  a
few  days.  In  the  latter  case  a  thin  oil  is  all  that  is
necessary; but in the former a thick oil or grease is
preferable because it is not prone to drain downwards
and leave the upper surfaces on which it was applied
exposed to the air. But in addition to smearing the
inside of the bores with one of the greases mentioned
either by means of a bristle brush or a flannel patch, the



294 THE MODERN SHOTGUN

outsides of all metal parts— b̂arrels, action and fore-end—
should be smeared with a  toothbrush dipped in  the same
thick  oil  or  grease  which  was  used  for  the  bores.

There is, however, one precaution which I think is
sound. This is, to clean out both barrels inside with hot
water first. When using powders which leave an alkaline
deposit or cartridges with " Non-Rusting ” caps this
step is probably unnecessary. Nevertheless, it is so little
extra trouble that I would strongly advise all sportsmen
to take it, as the water will remove any trace of potassium
chloride deposit and there will then be no risk whatever of
“ after rusting,” a risk which may always be present if a
gun is left indefinitely in a damp climate without periodic
inspections.

It  is  a  good  plan  to  let  the  barrels  dry  out  aU  night
after the water treatment before applying the grease,
although it is really quite easy to dry them with flannel
patches.

If  the  gun  is  put  away  in  its  case  wrap  the  action  in
a  greasy  rag.

I do not believe in baize covered barrel rods. They
get damp very easily, and many a barrel has been rusted
by their use.

C O M P R E S S I O N  O F  A C T I O N  S P R I N G S

Many sportsmen make a great point of snapping off
the locks of their guns so as to release the mainsprings ;
but they usually forget all about the ejector springs,
which are left in a permanent state of compression. The
truth of the matter is that it is really no more necessary
to  release  the  main  or  ejector  springs  of  a  gun  than  it  is
to release the springs of a watch. The loss in strength
owing to compression is negligible, even after many years.

But if any shooter feels happier when his springs are
released there is no reason why he should not ease the
ejector springs as well as the mainsprings.

The mainsprings can be released by pressing the
triggers. If the gun is in pieces it is better to hold the
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face of the action against a block of wood, or an old book,
when snapping off, so as to give the strikers something
fairly hard on which to fall. If the gun is assembled
snap caps, or dummy cartridges, had better be employed.

The ejector springs present a more difficult problem.
In the great majority of actions the simplest way of
releasing  them  is  to  remove  the  fore-end  while  the  gun
is stm in the open position after the snap caps have been
ejected. The barrels can then be taken from the stock
in the ordinary way. It must be remembered, however,
that if this is done the ejector tumblers must be re-cocked
before the gun can be put together again. To do this
the fore-end should be slipped into position on the
barrels alone, when it will be found that the extractor
heads are protruding beyond the breech end of the barrels
because they are held in their extreme rearward position
by the ejector tumblers, which are now in the “ fired,”
or " uncocked,” position. The barrels should now be
gripped firmly in both hands and the extractor heads
pressed down on some wooden surface, such as a table,
until a click is heard which denotes the cocking of the
ejector tumblers. The extractor heads will then lie
flush with the breech of the barrels, and if the fore-end
is removed the gun can be put together in the usual way.

Should it ever be necessary to perform this operation
in the actual shooting field in order to remove a cartridge-
case which has overridden the extractor, the extractor
heads can be pressed against the side of the heel of one’s
boot. Incidentally a turn-screw to fit the stop-pin
should always be available, either as an implement in a
shooting knife or else carried in the cartridge bag. It
may never be wanted, but there is no harm in having one
handy.

If the ejector springs are released the gun obviously
cannot be put away assembled, but must be kept in its
case. Nor will it be possible to keep the fore-end in
position on the barrels, since the ejector heads will be
protruding. So the fore-end should be wrapped in an
oily rag and put in its proper compartmelit.
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P E R I O D I C  O V E R H A U L S

Of all the precautions which should be adopted for
the care and preservation of guns the most important is
to send them back to some competent gunsmith, prefer-
ably the maker, for periodic overhauls. It is impos-
sible to emphasise this too strongly. The frequency
with which such overhauls ought to be carried out
cannot be definitely stated, as so much must depend on
the care with which guns are treated by their owners.
It is a safe rule to make a point of sending one’s guns back
to the makers at the end of every shooting season, when
they will be stripped, examined for any signs of incipient
rusting, and thoroughly cleaned up. After a wet season
especially this complete stripping is most importeint, as
corrosion, or rust, can be set up in the actions of the
best-cared-for guns. If, however, it is taken in time no
harm wiU be done : but once it has become established
it is very likely to recur even after cleaning because the
original polished surface of the metal will have become
roughened by the corrosion ; and corrosion will start
again more readily on a slightly rough surface than on
one which is perfectly smooth.

Some years ago I saw a best grade gun in which the
right lock had become so clogged with rust that the
strength of the striker blow was seriously impaired.
This had produced faulty ignition which in its turn had
resulted in failure of the gases produced by the incomplete
combustion of the powder to expel the shot charge from
the barrel; and when the next round was fired the barrel
burst— happily without damaging the shooter. This
was a clear case of cause and effect, and although admit-
tedly  an  extreme  one,  it  does  help  to  indicate  the  impor-
tance of keeping the mechanism free from rust. It is
true  that  if  the  locks  had  been  taken  off  periodically  as
I have suggested this rusting would not have occurred,
at any rate to the same extent. Nevertheless, if the owner
of the gun had sent it up to the makers periodically for over-
hauling the rust could not have become so deep rooted.



CLEANING AND CARE OF GUNS 297

Another, and even more insidious, place where rust
can, and does, set in is under the ribs. As was explained
in Volume I, the ribs are soldered to the barrels. It not
infrequently happens in course of time that a particle of
solder becomes detached and drops off, leaving a tiny
hole. Moisture gets into this hole and rusting sets in all
unsuspected. I have seen a gun, which had otherwise
been carefully looked after, in which the wall of one
barrel was so weakened by rust that it burst. So the
danger is real.

A gunmaker can detect the presence of any moisture
under the rib quite easily, first by rubbing the outside
of the barrels with a little water which is all dried off, and
then  by  warming  the  barrels  gently  in  the  flame  of  a
bunsen burner. If any wet has got in under the rib it will
be  seen  to  issue  from  the  entry  hole  as  steam.

This  test  should  on  no  account  be  undertaken  by  an
amateur in spite of its seeming simplicity, as it is easy to
overheat the barrels and make the solder run.

If any hole in the jointing of the ribs is detected both
ribs should be taken off, and the barrels cleaned out
underneath, after which the ribs can be re-soldered in
position.

In this connection it can be mentioned that it is quite
possible to get " Ribless ” guns, that is guns in which the
top and bottom ribs are omitted altogether. At first
sight such guns look rather peculiar, but that is prob-
ably because one is not accustomed to their appearance.
The barrels are held together by the usual packings which
were described in Volume I, and so a rag can easily be
passed between them and they can thus be dried very
easily. Although ribless guns have been made for very
many years, they have never become generally popular,
in spite of certain quite definite advantages ; and to the
best of my belief Messrs. Alexander Martin are now the
only  firm  that  make  such  guns  as  a  regular  feature.

Another,  and  very  common,  injury  to  barrels  is
through dents. The wall of a shotgun barrel is very thin,
and is dented easily by a tap against any hard substance.
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Shooting-sticks probably cause more dents in a single year
than everything else put together: but there are other
causes ; a knock against the door of a car when getting
in or o u t; the clinking together of two pairs of barrels
when the guns are carried over shoulders— how often
one of two men tmms suddenly round and the two guns
touch; a fall owing to the gun being left leaning up
against a wall. These are all everyday causes of dents.

Once I left my gun carefully in a car with some others
during lunch, and on my return to the car I noticed thr
my gun was not in the position in which I had left it.
concluded that some keepers or beaters had been examin-
ing the guns, and at once looked along the barrels. Sure
enough I spotted a brand-new dent.

After this experience I have always been careful to
keep  my  gun  in  sight  during  lunch,  or  else  to  put  it  in
some place where it cannot be interfered with— flying
on  the  floor  or  ground  if  possible,  as  it  cannot  then  fall
down.

Whenever I handle a friend’s gun I always make
a point of looking for dents, and if the season is well
advanced I usually find a dent or dents in almost one
out of every three guns I examine. And these dents are
invariably quite unsuspected by the owners of the guns.

The easiest way of detecting dents has already been
explained in the last chapter, and so I will now only urge
the  importance  of  getting  them  removed  with  the  least
possible delay.

A dent in the outside of a barrel means a small lump
sticking up on the inside ; and every shot that is fired
helps to wear this lump down. This mcikes the barrel
thinner at the site of the dent and thus weakens the
barrel. This weakening is probably very slight: its
extent must depend on the depth of the dent and the
number of shots that are fired between the dent being
formed and removed. Even so, any unnecessary weaken-
ing is a pity, not to say a mistake. Besides, a dent can
spoil the patterns. So from every point of view the fewer
shots that are fired after a dent has been detected the
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better, while the workman who actually raises the dent
will have a better chance of making a perfect job.

Dents are raised by inserting a tapered plug down the
barrel until its further movement is stopped by the dent
pressing on the taper. The workman then taps just
round the dent very gently with a small hammer, and
gradually eases the plug farther along the bore, tapping all
the time, until the dent is finally raised completely.

The barrels are not the only part of a gun which can
be dented as the wood of the stock can suffer in the same
way. And although such bruises in no way affect the
shooting they mar the appearance of a nice gun. One
of the commonest causes of dents in stocks is carrying
the gun under the arm with a cartridge bag hanging
on the same side as the gun is carried. The buckles on
the cartridge bag dent the stocks. For this reason one
friend of mine always has the buckles of his cartridge bags
covered with deer skin, and this precaution has reduced
the damage to his gun stocks to a surprising extent.

The cost of an overhaul of a pair of guns in which
attention is paid to the points I have mentioned is
comparatively trifling, and is money well laid out.
Personally I ^ways regard the cost of an annual overhaul
as a kind of insurance premium against worse calamities.
And as explained in Volume I it is a good plan to have
the side plates re-varnished every other year as the
varnish helps to keep the beautiful blue mottling of the
case hardening, which wears away in course of time.

A more costly attention is a general re-blueing; but
this should not be needed very often, and most guns will
last from five to ten years before this is necessary.

A very important repair which will inevitably become
necessary in course of time if a gun is used a lot is the
tightening up of the action. It is always better to take
this in time, as looseness begets looseness, and a gun
which is “ off the face ” can be a real source of danger
as will be seen in Chapter XVI.

A  gun  with  a  separate  action  pin,  or  cross-pin  as  it  is
also termed, can be tightened up and the barrels brought
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right back on to the face quite easily by the insertion
of  a  somewhat  thicker  cross-pin.  But  in  guns  with  a
solid action the work is much more difficult. A method
commonly  adopted  is  to  dovetail  a  new  hook  into  the
forward lump, but probably a better method is to weld
a small lining to the hook by electric welding. But
neither of these two methods is as good as the insertion
of a new cross-pin.

G U N  C O V E R S  A N D  C A S E S

A canvas gun cover is a most useful protection to
a gun when one is carried in a car, and one such cover
should be allotted to every gun. Plain canvas cases
which have no leather piping or muzzle caps are the best,
as they can be turned inside out to dry after being out
in the wet.

The gun case itself is a very important item in the
whole outfit. It should be strong enough to protect the
gun, or guns, from any blow or fall during a journey,
and for this reason I myself am strongly in favour of the
old-fashioned solid leather-covered oak case, especially
if the owner is likely to go abroad. These cases are
admittedly heavy, and somewhat bulky; but they are
very strong. The most modern cases are much smaller,
neater in appearance, lighter and altogether more compact.
They are delightful for carrying guns by car, and in this
respect are superior in every way to the old Leg of Mutton
leather cases. But they lack the solid rigidity and
capacity for protection afforded by the leather and oak
case, as well as the space inside for an adequate cleaning
outfit. The ideal arrangement would seem to be a small
modern case for travelling by car, and a solid old-fashioned
one for serious journeys.

But I am indebted to Lieut.-General Sir Philip Neame
for a most economical alternative. This is to have for
normal use a light and compact leather case without any
wooden foundation ; and for railway journeys, etc., an
outer wood case which can be made of ply-wood for
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lightness. This is strong enough ; and as the initial
cost is but 20s. to 30s. it can be renewed both cheaply
and easily if damaged.

H O W  T O  P U T  A  G U N  T O G E T H E R

It is a common sight to see a sportsman struggling
to put a gun together, especially if it be a weapon to which
he is not accustomed. Undue force is frequently used,
and burred, or otherwise damaged, lumps are often the
result. Keepers are often bad offenders in this respect.
It  is  not  easy  to  advocate  any exact  method of  procedure
as being right, as ideal results can be obtained by slightly
different means. It is, however, quite possible to quote
definite faults which should be avoided. The most
common of these are to hold the barrels too far down and
to hold them at too acute an angle with the stock when
trying to hook the forward lump on to the knuckle.

If the barrels are held too far down it is impossible
to maintain full control over the breech end and so fit
the lumps into position with certainty instead of by
chance.

When the barrels are held nearly at right angles to
the stock the hook will not fit into position.

The principles which should always be followed are
first to grip the barrels well up by the breech end ;
secondly, to hold them so that they make a distinctly
obtuse angle with the stock ; and thirdly, once the hook
is  felt  to  engage,  to  try  to  pull  the  barrels  apart  from
the  stock.  If  the  hook  has  not  actually  caught  no  harm
is done, while if it has caught this movement automatic-
ally helps to close the gun.

It is also a good plan to press the action lever over
while  hooking  on  the  barrels  so  as  to  give  the  lumps
every chance to slip into the slots in the action. And
the stock should be pressed against the right forearm
(assuming it is held in the right hand) and thus steadied.

If the barrels are held too near the breech with the
left hand the flesh can be pinched in a painful manner



302 THE MODERN SHOTGUN

when the gun is closed. So it is as well to be careful in
this respect. The photographs in Plate X X I show the
wrong way to try to put a gun together, as well as one
of the right ways.



C H A P T E R  X V

THE PROVING OF GUNS

T h r o u g h o u t  all three volumes recurring refer-
ences have been made to the Proving of Guns,
Proof, and the Rules of Proof. It is now time,

therefore, that this most important subject should bi
explained.

All sportsmen are probably aware that every firearm
manufactured in Great Britain must be " proved ” before
it leaves the maker’s hands. This is to ensure that the
weapon should be capable of withstanding a considerably
higher  stress  than  any  it  would  be  likely  to  undergo  in
ordinary sporting use ; and the proving of arms thus
provides that a weapon must be made with a margin
of safety sufficient for aU normal and practical require-
ments. Thus it will  be realised that the proving of arms
not only safeguards the user of the weapon, but also helps
the manufacturer, as it satisfies him that the weapon he
sells is as reliable as can humanly be expected.

But the proving of arms has another advantage, as
it sets up a definite standard for strength which every
weapon must withstand. Provided a weapon can pass this
standard it can be regarded as being sufficiently strong,
and consequently the makers are enabled to reduce
the weights of the barrels more than would be possible
were no definite standard established. In America,
where there is no ofiicial proof, weapons are generally
heavier and clumsier than British, bore for bore and charge
for charge; and this is possibly because the American
manufacturers have no definite standard to which to
work. In their own interests, therefore, they err on the
side of safety.

In Great Britain weapons are aU officially proved
before being issued, and the manufacturers know that
any gun or rifle which they make, and which has passed
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the severe test of proof, is sufficiently strong ; so they
are able to vary the weights of their arms without any
misgivings as to safety in use.

The  official  proving  of  firearms  dates  back  to  the
reign of Charles I. The Gunmakers’ Company was
founded in 1637, and the circumstances in which it had
its origin may be gathered from the following extract
from the Company’s Charter, which states :

“ That divers blacksmiths and others inexpert in the art of gun-
making  had  taken  upon  them  to  make,  try,  and  prove  guns  after
their  unskilful  way,  whereby  the  trade  was  not  only  much  damnified,
but much harm and danger through such unskilfulness had happened
to His Majesty’s subjects.”

It was for the reformation of these evils that the
Charter in question was applied for and granted ; and
in this manner the official proving of arms was placed in
the hands of the Gunmakers’ Company, now an old
Company of the City of London, which has carried it out
ever since.

With the rise of Birmingham as an industrial centre
the gunmakers of that city found it inconvenient always
to have to send their weapons to London to be proved,
so they petitioned the Government that they should be
allowed to set up a Proof House of their own on the same
lines as that conducted by the London gunmakers.

This petition was granted in 1813, and in that year
the Birmingham Proof House came into being. As there
weis no City Company of Gunmakers in Birmingham
similar to that which existed in London, the control of
the Birmingham Proof House was made over to repre-
sentatives of the City who were known as the Guardians
of the Birmingham Proof House. These Guardians have
always, and very rightly, included amongst their number
members of the Birmingham gun trade ; and it is also a
fact that the Chairman of the Guardians is almost invari-
ably a Birmingham gunmaker.

But although the names may be slightly different the
methods are similar, because both the London and
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Birmingham Proof Houses use the same Rules, Regu-
lations and Scales of Proof. And the actual routine of
each Proof House is imder the supervision of an official
known as the Proof Master, who is appointed and paid
by the Gunmakers' Company and Guardians respectively.

One frequently hears claims to the effect that such
and such a test has been carried out in the " Government
Proof House.” This description is quite inacciurate, as
neither Proof House is a Government organisation in
any way beyond the fact  that  it  owes its  existence to  an
Act of Parliament.

Incidentally no greater tribute can be paid to the
Gun Trade than the very fact that for more than three
centuries they have regulated and controlled the proving
of arms which are made in this country so efiiciently
that  the  English Proof  Marks have attained a  high value
in the minds of users of firearms, and are recognised with
confidence all over the world.

For purposes of Proof all Small Arms are classified
into ten classes as follows :

F ir s t  Cl a s s . Single-barrelled Muzzle-loading Arms
of Smooth Bore.

Se c o n d  Cl a s s . Double-barrelled Muzzle-loading
Arms of Smooth Bore.

Th ir d  Cl a s s . Muzzle-loading Rifled Arms.
F o u r t h  Cl a s s . Breech-loading Arms of Smooth

Bore.
Fif t h  Cl a s s . Breech-loading Rifled Arms, including

Express Rifles, declared for use with Black Powder only.
Six t h  Cl a s s . Breech-loading Rifles, declared for

use with Nitro Powders, not being of the Seventh, Eighth
and Tenth Classes.

Se v e n t h  Cl a s s . Breech-loading Rifled Arms cham-
bered to take a Military Small Arm Cartridge, and not
being of the Tenth Class.

E ig h t h  Cl a s s . Breech-loading Rifled Arms specially
constructed for use with Shot and Bullet, having the
whole, or a portion only, of their bore rifled, and not being
of the Fifth Class.
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Nin t h  Cl a s s . Revolving Arms and Repeating and
Automatic Pistols.

Te n t h  Cl a s s . Breech-loading Rifled Military Arms.
A study of these classifications wiU show that only

two Classes affect us now, namely the Fourth Class,
which includes all ordinary shotgims, and the Eighth
Class, which includes Ball and Shot guns.

Both these types of guns are all submitted to two
different kinds of Proof, but before we consider these it
will be best to go back a few years. Previous to 1925
all ordinary sporting guns of British manufacture were
submitted to three different t57pes of Proof; namely.
Provisional Proof, Definitive Proof and Nitro Proof;
and it is interesting to see exactly what these different
stages in the proving of guns mean.

Pr o v is io n a l  Pr o o f . This is the gtmmaker’s proof
and is applied to the barrels of all weapons before any
serious work is started, the object being to save the gun-
maker  from  spending  money  and  work  on  a  faulty  tube
or barrel, as this Provisional Proof should detect any
flaw in the material.

The barrel, or tube, is proved without being attached
to any action. In order to render it possible to fire a
charge in a tube the latter is fitted with a plug which
screws into the breech end. In this plug there is a
" touch hole ” similar to those which used to be made
in muzzle-loading cannon. The plug is screwed home,
the proof chaige inserted, and the touch hole primed with
powder. The barrel is then laid on the ground, and the
charge  is  fired  by  means  of  a  trail  of  powder.  For  pur-
poses of convenience a number of barrels are proved
simultaneously, all being fired by the same trail.

If the barrel withstands the proof charge it is exam-
ined and, if passed as being satisfactory, a mark, known
as a “ Proof Mark,” is then impressed on the barrel to
show that this test has been made.

De f i n i t i v e  Pr o o f . This Proof was applied to the
finished arm. As a matter of fact guns are usually, as
was explained in Volume I, sent up for Definitive Proof
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while still " in the white.” From the point of view of
safety, however, the gun is in its finished state. The
Definitive Proof used to comprise, prior to 1925, testing
both barrels of the gun in turn with a charge of special
black powder known as T.P. (Tower Proof) powder, and
if the test was passed the gun was viewed. Then, all
being well, certain Proof Marks and View Marks were
impressed on both barrels, while the View Mark was also
impressed on the action. The presence of these various
marks showed that the gun had passed satisfactorily the
test which the two Proof Houses considered necessary
before it could be used with safety.

N it r o  Pr o o f . This test was introduced in 1896
and was an optional Proof in that it was not legally
compulsory. This Proof put a somewhat greater breech
strain on the gun than did the Definitive Proof, and its
purpose was to test guns which were intended to be used
with the then new nitro powders. This Nitro Proof was
not compulsory, because in the early days of nitro powders
many guns were sold which were not intended for use
with these powders. B y 1906, however, the use of nitro
powders had become quite general, and consequently
the majority of guns were declared for use with nitro
powders,  as  the  Rules  of  Proof  laid  down  that  they
should be when submitted for Proof. So after this date
almost aU high-grade guns received Nitro Proof in addition
to Definitive Proof, and their barrels were impressed
with special Marks to indicate that this test had been
carried out successfully.

It  may  seem  that  these  two  Proofs  were  hardly
necessary; but it should be realised that they differed
materially one from the other. For example. Definitive
Proof for an ordinary 12-bore shotgun firing a 2j-inch
cartridge was given by 178 grains of T.P. (Tower Proof)
powder, which was a powder of about the same violence
as Curtis and Harvey’s No. 6 Black Powder. The Nitro
Proof, on the other hand, was given by 116 grains of
a powder known as T.S.2. This latter powder gave a
higher breech pressure than did the T.P. .powder ; but the
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T.P. powder, on account of its greater charge, gave a
higher hand pressure.

The reason for the two Proofs lay in the fact that the
quicker a powder burns the greater the pressure at the
breech, and many nitro powders were inclined to burn
so  quickly  as  to  set  up  a  high hreech pressure. Some
powders, especially those of the more progressive types,
burn more slowly; and these do not create such a high
pressure at the breech or in the chamber, but maintain
a higher pressure farther up the barrel. It was difficult
to make one powder which developed maximum pressures
both at the breech and well up the barrel, and conse-
quently two different powders were used so that every
barrel was tested for a considerable factor of safety both
at  the  breech  and  aU  the  whole  way  up  its  length  by  the
combination of the Definitive and Nitro Proofs, while
the action was tested more severely by the Nitro Proof.

In 1925, however, a very important change was made
by combining these two Proofs into one. This was
effected by using a new powder known as T.S.P., and
now there are only two Proofs, namely Provisional and
Definitive.

The present Provisional Proof is similar to that which
was carried out prior to 1925, and the Proof Marks are
the same. But the new Definitive Proof is a more severe
test than either the old Definitive Proof or the optional
Nitro Proof, because the new T.S.P. powder gives a higher
breech pressure than the old T.S.2, and a shghtly higher
barrel  pressure  than  the  old  T.P.

Since 1925 the Marks impressed on the barrels and
action of a gun are really the combination of the old
Definitive and Nitro Proof Marks, but in addition the
bore and the length of the cartridge-case is also impressed
on each barrel.

From this it will be realised that an examination of
the Proof Marks on a barrel will show whether those
barrels, and presumably the gun to which they belong,
were made before or after 1925. The actual Proof Marks
for Definitive Proof since 1925 are the same as the two
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sets of Proof Marks for both Definitive and Nitro Proof
prior to 1925 ; but on a barrel made since 1925 the length
of the cartridge-case is added as weU. If the length of
the cartridge-case is not included in the Proof Marks it
can be concluded that that pair of barrels, and probably
the gun to which they belong, were made before 1925.

PROOF MARKS

Let us now see what the various Proof and View
Marks are.

Pr o v is io n a l  Pr o o f . The Marks denoting Provi-
sional Proof are :

London Proof House
The letters " G P ” interlaced in a cypher surmounted

by a Lion Rampant, thus :
On  arms  of  English  make.  On  arms  of  Foreign  make.

Birmingham Proof House
The letters " B P ” interlaced in a cypher surmounted

by  a  Crown,  thus:
On arms of English make. On arms of Foreign make.

De f i n i t i v e  Pr o o f . The Marks denoting Definitive
Proof  a re :

London Proof House
The Proof Mark, being the letters " G P ” interlaced

in a cypher surmounted by a Crown, and the View



310 THE MODERN SHOTGUN

Mark, being the letter " V ” surmounted by a Crown,
thus :

On  arms  of  English  make. On arms of Foreign make.

V
The letters ” N P ” surmounted by an Arm Dexter

in Armour, embowered, holding a Scimitar, thus:

On arms of English make. On arms of Foreign make.

NP
Birmingham Proof House

The Proof Mark, being the letters " B P ” surmounted
by a  Crown,  and the View Mark,  being the letters  "  B V ”
surmounted by a Crown, thus :

On arms of English make. On arms of Foreign make.

BP

BV
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The letters " N P ” surmounted by a Crown, thus :

On  arms  of  English  make.  On  arms  of  Foreign  make.

NP
In addition to the Proof Marks shown above the following

Marks are also impressed on the barrel by both Proof Houses :
The words " Nitro Proof ” with the weight of the

maximum Service Charge of shot to be used in conjunc-
tion with the standard powder charge, as, for example

Nit r o  Pr o o f

Also the nominal gauge and length of cartridge-case,
as for example

2h"

Ot h e r  Pr o o f  Ma r k s . In  the  case  of  any  barrel  in
which there is any construction at the muzzle the word
“ Ch o k e ”  must  be  impressed  on  the  breech  end  of  the
barrel.

It will be realised that when this word is seen among
the Proof Marks on a barrel it means that the barrel is
bored with some degree of choke, the actual amount is not
in any way specified, as it might afterwards be altered.

It may be of interest to record here a brief history
of how this " Ch o k e ” Proof Mark came into being.
Following the invention of choke boring some new Rules
of Proof were issued in October, 1875. In those days it
was common practice for sportsmen abroad to use their
shotguns, which, it must be remembered, were built
appreciably heavier than guns of the present day, for
close-quarter work on big game when they were loaded
with spherical ball. In fact a mould for spherical ball was
quite an ordinary implement in a standard outfit of tools
sold with a gun. Naturally a 12-bore gun was accom-
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panied by a 12-bore mould, and equally naturally it
never entered any shooter’s head to think of using any
size of ball except one of the same gauge as his  gun.

But the invention of choke changed this easy state of
affairs, for no longer could a 12-bore baU be fired in a
12-bore gun. Accordingly, in the 1875 Rules of Proof
it was laid down that any barrel which was choked to any
degree at all was to be impressed with the words " N o t
FOR  Ba l l .” In addition to this warning Marks were
impressed indicating the degree of choke, thus :

12B findicating that the bore was 12 gauge while
14M1  the  muzzle  was  but  14  gauge.
As time went on choke became almost universal,

while the limitations of the use of ball which it imposed
became generally understood. So when the next Rules
of Proof were issued in December, 1887, the Marks
indicating that a barrel was choked were changed. The
figures giving the gauge at the muzzle end were omitted
altogether, and so there was nothing to show the degree
of choke, while the words “ No t f o r  Ba l l ” were re-
placed by the single word “ Ch o k e .”

This was both simpler and more practical, since it
permitted the degree of choke in a barrel to be changed
without vitiating the meaning of the Proof Mark (unless, of
course, the barrel was bored out to true cyhnder— a very
rare alteration) and has remained in force ever since.

Ball and Shot Guns. Barrels which are rifled through
their full length are marked with the letters “ S & B ”
signifying Shot and Bullet.

On barrels which are choke-bored with the choke
rifled, the word " Ch o k e ” is preceded by the letter " R ” ,
signifying Rifled Choke, as for example “ R Ch o k e .”

On barrels which have been proved for larger Service
Charges of powder than those used in ordinary standard
cases, the Service Charges are also impressed, in drams
or grains, as may be considered most suitable, as for
example

4 DR. or 109 GR.



PLATE XV

(A) A photo-micrograph showing the Saw in the barrel shown in Plate XIV (A)
taken at loo diameters.

(B) , (C) and (D) Photo-micrographs showing the grain in the steel of gun
ban'els taken at loo diameters.""
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Siz e o f  Bo r e , o r  Ga u g e . The Gauge Size of every

barrel is also impressed with the other Proof Marks.
From 4 to 10 Gauge inclusive the Gauges are divided
into three parts, and the barrels are marked accordingly.
Thus  the  divisions  of  8  Gauge  would  be  marked  8,  f,  or
f, according to the size. From i i to 17 Gauge inclusive
the Gauges are divided into two parts, and so the divisions
of 12 Gauge are 12 and

The Gauge division ^  includes any bore of diameter
from -750 to 740 inclusive; and the Gauge division 12
any bore of diameter from 729 to 739. If the diameter
is 75 1 the gun is not a 12-bore but its Gauge Size is i i ,
and  the  gun  is  proved  as  an  ii-bore.

So  if  the  nominal  size  of  the  bore  of  a  barrel  appears
as the numerator of a vulgar fraction of which the denom-
inator is I the sportsman will know that the barrel is
bored rather on the “ wide ” side ; while if the nominal
size of the bore appears as a whole number he will know
that the barrel is bored correctly. Similarly if the size
of  bore  is  indicated  by  a  vulgar  fraction  in  which  the
numerator is a number one less than the nominal gauge
of the bore he wiU know that his gun has been bored
rather " tight.” For example, a barrel marked ^  means
that the actual gauge is slightly less than 729 and may
be anything between 728 and 719.

The  Gauge  Size  of  a  barrel  is  always  taken  at  a  point
9 inches from the Breech end.

The following Table gives full particulars of the Gauge
Sizes for all nominal sizes of cartridges, as well as the
Proof Charges for Provisional and Definitive Proof and
the usual Service Charges.

Re -Pr o o f . Sometimes a gun becomes so worn in
the bore that it is of a leirger gauge than that for which
it was originally proved. For example, the diameter of
the bore of both barrels of a gun may originally have been
750 at points 9 inches from the breech, in which case
the gun would have been proved as a -*^bore. But in
course of time the barrels may become so worn that
their diameters are respectively 753 and 751. If the
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P r o o f a n d  S e r v i c e  C h a r g e s f o r  D i f f e r e n t  G a u g e s

COt-t-1̂

Nominal
Size of

Cartridge,

Gauge as
marked
at Proof.

Provisional Proof.
Diameter

1 * 0 2 6

�976,

•957 '

•938 ■
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888 .

873.
8 6 o T
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835 j
8 2 4 '

813
803,

Powder, T.P.

Grains. Drs.

7 4 0

6 4 9
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4 9 2

2 7

23i

2 o f

i8

417 I  15J J

Grains. Oz.
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4 '
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14

16

Shot.
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2 0 5 0
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4 t t
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3î

4tk
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I 9 1

2 1 8

Shot.
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1530

930

1 0 9 3

1 2 0 3

3 i
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2i

H
X
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o
o
w
w
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O
H
O
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w
H

Nomioal
Size of

Gauge Diameter
Provisional Proof. Nominal

Length of
Definitive Proof. Service Charge.

of Bore.Cartridge. at Proof. Powder, T.P. Shot.
Chamber.

Powder, T.S.P. Shot. Black Powder. Shot,

Grains. Drs. Grains. Oz. Grains. Drs. Grains. Oz. Grains. Drs. Grains. Oz.
(�23 •587 ig i 7  1 r

2 4 J 2 4

1
■5791
•571/

184 6 f | 355 41 { “ *�
123 44 520 i & 58 24 328 i

1 26 •563 178 6 i J 140 54 575 1 * 65 2| 383 ¥
27 •556 171 r 2 4 ' 113 44 465 I ^ 52 14 273 4
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N o t e .— The Gauges and Diameters in Bold Type are those to which barrels are usually bored for Definitive Proof for use with
the Cartridges belonging to the groups in which they are included.
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gun were offered for sale, the person who so offered
it  would  be  legally  responsible  to  see  that  it  was  re-
proved as an ii-bore, since both the barrels would be
II Gauge.

When this is done or the barrel is re-proved for any
reason the following Marks would be impressed on the
barrels:

London Proof House
The letter “ R ” surmounted by a Crown, thus:

Birmingham Proof House
The letter " R ” surmounted by a Crown, thus

And in addition the new Gauge Size would be im-
pressed by both Proof Houses.

Spe c ia l  Pr o o f . Any barrel which has been Defini-
tively Proved, may, at the request in writing of the
sender, receive a Voluntary Proof to cover any declared
service load, pressure in tons inch, kilos per square
centimetre, or atmospheres, with a proof cha.rge which
the London and Birmingham Proof Houses may jointly
declare as being suitable. Such barrels are impressed
with the following marks:

London Proof House
The letters “ S P ” surmounted by a Crown, thus :
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Birmingham Proof House
The  letters  "  S  P  ”  surmounted  by  a  Crown,  thus

SP
The declared load is marked in addition by both

Proof Houses.

S A F E T Y  O F  GU NS  N O T  N ITR O  PR O V ED

A question which is frequently arising is whether an
old gun which has never been nitro proved is safe to use
with cartridges loaded with nitro powders.

In many cases it may be absolutely safe, but there
is just the chance that the action may be too weak to
withstand a rather lively pressure, and so it should be
taken  as  a  golden  rule  that  aU  such  guns  should  be  sub-
mitted for re-proof with the new Definitive Proof which
includes  the  old  Nitro  Proof.  As  a  rule,  old  guns  will
pass this Proof without turning a hair, so to speak. But
sometimes  one  does  give  way  in  the  test,  and  such  a  gun
could not have been a safe weapon to use, so it is as well
to find out in time.

There is, however, another aspect to the matter.
Should a gun burst through the use of some improperly
loaded cartridge the owner of the gun would have a legal
claim for damages against the vendor of those cartridges
if his gun had been properly proved. But should the
gun not have been nitro proved, and the cartridges have
contained a nitro-powder, the owner of the gun might
have no claim at all against the vendor of the cartridges
even though those cartridges were proved to have been
grossly overloaded and to have developed dangerous
pressures.

Some years ago an incident came to my notice which
provides an excellent example.

A sportsman bought some cartridges loaded with a
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cheap foreign nitro powder which was nominally a bulk
powder, but which had not been correctly standardised
for bulk. The result was that instead of the powder
charge being 33 grains by weight it was over 40 grains by
weight, and the pressures generated were dangerous.

These cartridges were used in an old gun which had
never been nitro proved. The gun burst and injured
the  owner.  Yet  this  sportsman  had  no  legal  redress
against the vendor of the cartridges in spite of the fact
that their danger was established beyond any doubt.

Cases such as this are admittedly extremely rare.
But when the question of re-proving old guns which have
never been nitro proved is being considered it is essential
that it should be viewed from aU angles, and allowances
must be made for what are admittedly exceptional
cases.

So the sportsman should understand that if he uses
such a gun he does so entirely at his own risk. The chances
admittedly are that the gun may be perfectly safe and that
the cartridges will be safe also. But should there ever be
an accident the sportsman will have no claim to any
redress.

So I do not think it can be impressed on all shooters
too strongly that they should on no account use modern
smokeless powders in any gun which has not been nitro
proved.

F O R E IG N  P R OO F  M AR KS

Occasionally in Great Britain, and more frequently
abroad, the sportsman may consider the purchase of
a second-hand gun of foreign manufacture. It wiU,
therefore, be useful at times to know the meanings of
various foreign Proof Marks, especially as such marks
indicate the country of origin of the gun.

In America, as has already been explained, there is
no  official  Proof,  but  the  Proving  of  Arms  is  carried  out
in Belgium, France, Italy and Spain ; and was carried
out  in  Austria  and  Germany  up  to  1945.
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The Proof Marks of these different countries are as
follows:

Be l g i a n  Pr o o f  Ma r k s

T H E  L i t G E  PR O O F  H O U SE

R P V

Sin g l e  Mu z z l e -l o a d in g  Sh o t g u n s  must bear the
marks i, 2, and 4, or i, 3, and 4 upon the barrel and 4 upon
the breech.

Do u b l e  Mu z z l e -l o a d in g  Sh o t g u n s  must bear the
marks, i, 2, and 4, or i, i, 3, and 4 upon the barrel and 4
upon the breech.

Sin g l e  Br e e c h -l o a d in g  Sh o t g u n s  must  bear  the
marks i (or 8 or 9), 3, and 4 upon the barrel and 4 upon
the action.

Do u b l e  Br e e c h -l o a d in g  Sh o t g u n s must bear the
marks  i  (or  8  or  9),  3,  and  4  upon the barrel  and  4  upon
the action.

Ch o k e -b o r e d  Gu n s must bear, near the gauge marks,
the word “ Choke,” and if rifled in the choked part of the
bore “ Ch. B. Raye.”

Si n g l e and Do u b l e  R i f l e s (except rifled choke)
must bear the marks 1 (or 8 or 9), 3, 4, and 5 upon the
barrel and 4 upon the action ; certain Ex pr e s s  R if l e s
must bear in addition upon the barrel the word ‘' Express ’ ’
with the nominal calibre of the cartridge, etc.

Br e e c h -l o a d in g  Pist o l s  must bear the marks 3 and
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4 upon the barrel and 4 upon the breech or action, and
if rifled 5, in addition, upon the barrel.

Mu z z l e -l o a d in g  P ist o l s must bear the marks 2 or
3 and 4 upon the barrels and 4 upon the breech.

Re v o l v e r s  must bear the marks 3 upon the cylinder,
and when rifled 5 upon the barrel. Re pe a t i n g  Pist o l s
must bear the marks 3 and 6 upon the barrel and 6 upon
the action.

The exceptions to these rules are as follows :
Sma l l  Bo r e  Gu n s ,  R if l e s and Pist o l s (called

“ Carabines Floberts ” and “ Pistolets Floberts ” ) of
the following bores, viz., -22 in., 7 mm., 8 mm., 9 mm.,
must bear the marks 3 and 4, and if rifled 3, 4, and 5
upon the barrel and 4 upon the action ; and

Mi l i t a r y  Rif l e s  of  less  than  8  mm.  (•315)  bore,  in
which  nitro  powder  is  used,  must  bear  the  marks  3,  4,
and  6  upon  the  barrel  and  4  upon  the  action.

Br e e c h -l o a d in g  Ar ms  of any description pr o v e d
FOR USE WITH NiTRO PowDERS bear the mark 6 upon the
barrel and action, in addition to any other marks
applicable thereto.

On  arms  of  foreign  make  the  mark  7  is  used  in  lieu
of  mark  3.

On  barrels  with  solid  lumps  the  mark  4  does  not
appear.

There are other marks used, but they are always in
addition to the above-mentioned.

The most important of these are :
(1) A diamond enclosing a figure denoting the gauge

of the gun, e.g. 12 or 16 for 12-gauge or 16-gauge.
(2) A horizontally elongated letter “ C ” inside which

there is a figure indicating the length of the cartridge
in millimetres for which the gun has been proved,
e.g. 65 for 2 j inches ; 70 for 2| inches ; and 75 for
3 inches.

(3) A capital letter “  D  ”  followed by a fraction the
numerator of which indicates the length of the case in
millimetres and the denominator the diameter under the
rim, also in millimetres.
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(4) A fraction the numerator of which indicates the
diameter of the bore at the muzzle and the denominator
the diameter at the breech, both in millimetres and, of

course, at the time of Proof, e.g. Here 174 milli-

metres is 0-685 iiich and 184 millimetres is 0-725 inch.
This means a constriction at the muzzle of 0-40 inch or
40 thousandths of an inch, which is full choke.

There is a reciprocal recognition of Proof Marks
between the British and Belgian Governments which
means that the Proof Marks of either country are legal
currency in the other. The effect is that British weapons
made and proved in Great Britain can be imported into
Belgium without having to be submitted to Belgian
Proof before being sold in that country, while weapons
made and proved in Belgium have a similar free entry
into Great Britain.

Au s t r i a n  Pr o o f  Ma r k s

Si n g l e -Ba r r e l  Gu n s must bear the marks i (or 2)
and 5 (or 6) in addition to the London or Birmingham
marks for  Definitive  Proof  as  on pages  316 and 317.

Do u b l e -Ba r r e l  Gu n s must  bear  the  marks i (or 2),
3 (or 4), and 5 (or 6) in addition to the London or
Birmingham marks for Definitive Proof as on pages 309
and 310.

The agreement between the British and Austrian
Governments was for partial recognition only, so all
arms of Austrian manufacture were on arrival sent direct
to either the London or Birmingham Proof Houses before
being offered for sale.

41
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Ge r ma n  Pr o o f  Ma r k s

1 2 3 4 5 6

& 4 k
B U s w

7 8 9 10 n 12

&

G E N R V

Mu z z l e -l o a d in g  Sh o t g u n s  must bear the marks
I, I, 4, and 5 upon the barrel and i and 4 upon the breech,
or 3 and 4 upon the barrel and breech.

Br e e c h -l o a d in g  Sh o t g u n s of cylinder bore must
bear  upon  the  barrel  the  marks  i,  i ,  4,  and  5  ;  if  choke-
bored I, I, 4, and 6; if rifled in the choked portion of
their bore i, i, 4, 6, and 8. The action must bear the
marks i and 4.

Rif l e s must bear upon the barrel the marks i, i, 4,
and 7, and if constructed for heavy charges (express
rifles),  the  mark  9  in  addition.  The  breech  or  action
must bear the marks i and 4.

Under certain conditions. Sh o t g u n s (except such as
are choke-bored) and R i f l e s may bear the marks 3 and 4
only upon the barrel, and the same upon the breech or
action. Under the same conditions. Mi l i t a r y  R i f l e s ,
made according to Rifle Pattern No. 88, may bear the
marks 2 and 10 only upon the barrel, and the same upon
the action.

Re v o l v e r s  must  bear  the  marks  2  and  4  upon  the
barrel, revolving cylinder, and frame or body of the action.
Re pe a t in g  Pist o l s and  Sa l o o n  Pist o l s  must bear the
marks 2 and 4 upon the barrel and action.

Ar ms  which have already been proved and marked,
but have subsequently undergone some alteration necessi-
tating their being re-proved, are, upon re-proof, impressed
with marks i i and 3 upon the barrel and breech or action,
in addition to the original marks.

Upon the passing of the German Proof Act of 1891,
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arms which were then in stock were not subject to the
provisions  of  the  Act  if  they  were,  before  being  dealt
with, stamped with mark 12 upon the barrel and breech
or action.

There were other marks used, but they were always
in addition to those already mentioned.

Neither Austrian or German Proof Marks have been
recognised in Great Britain since September, 1939, and
so any weapon imported into Great Britain subsequent
to this date are legally unproved and it is an offence
under the Proof Act to sell them without first having
them proved at either the London or Birmingham Proof
House.

Austrian Proof Marks were never completely recog-
nised in Great Britain, but after the inclusion of Austria
in the German Reich it is doubtful whether the Austrian
Proof authorities had much chance of independent action.

Fr e n c h  Pr o o f  Ma r k s

T H E  P R O O F  H O U SE  O F  T H E  P A R IS  C H A M B E R  O F  C O M M E R CE

1 2 3 4 5

P .T .^

5̂ i^j

10

p-J. P.S.

As the proof of small arms in France is optional the
British Proof authorities do not consider a gun or rifle of
French manufacture sufficiently proved unless it bear at
least one of the marks i, 2, 3 or 4, together with one of
the  marks  5,  6,  7,  8,  9  or  10  upon  the  barrel,  and  one  of
the marks 4, 5, 6, 7, 8, 9 or 10 upon the breech or action.

Sa l o o n  Gu n s ,  Sa l o o n  R i f l e s ,  Sa l o o n  Pist o l s and
St i c k  Gu n s should bear mark 4 only for Paris, and 2

6
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T H E  P R O O F  H O U SE  O F  T H E  S A I N T -6 t IE N N E  C H A M B E R  O F

CO M M ER C E

2

+ ST ETIENNE S t .  E T I E N N E

\ ± r
P.T.

F  S \±r
P.T.

11

S t .  E T I E N N E

only for Saint-Etienne, upon the barrel and breech or
action.

Re v o l v e r s ,  Pis t o l s , etc., should bear the mark i i
for Saint-Etienne upon the barrel and revolving cylinder
or action, and mark 4 for Paris.

It a l i a n  Pr o o f  Ma r k s

1 2 3 4

M

,s 6 7 8

P N P N FINITO PSF
█ #

PSF FINITO

Br e e c h -l o a d in g  Sh o t g u n s proved for black powder
must  bear  the  marks  i  or  2,  and  3  or  4,  and  5  or  6  upon
the barrels and i or 2 upon the action.

31
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Br e e c h -l o a d in g  Sh o t g u n s proved for nitro powder
must  bear  the marks  7  or  8  in  lieu of  5  or  6.

Br e e c h -l o a d in g  Rif l e s  must bear the  marks  i  or  2,
and 5 or 7 upon the barrels and i  or  2 upon the action.

Re v o l v e r s  and  Re pe a t in g  Pist o l s  must bear the
same marks as rifles.

Pu n t  Gu n s  must  bear  the  marks  1  or  2,  and  5  upon
the barrels and i or 2 upon the action.

Choke-bore barrels will be so marked.
There  are  other  marks  used,  but  they  are  always  in

addition to the above-mentioned.
All these Italian Proof Marks are those which were in

force before May, 1940, until when reciprocal recognition
of Proof Marks existed between Great Britain and Italy.

Spa n is h  Pr o o f  Ma r k s

3 4 5 6 7

& Jb X X X 6 <t>
10 M 12 13 14 15 16 17

Sin g l e  Mu z z l e -l o a d in g  Sh o t g u n s  must bear the
marks i or 2 and 3 upon the barrel.

Do u b l e  Mu z z l e -l o a d in g  Sh o t g u n s  must bear the
marks i or 2 and 4 upon the barrels.

Si n g l e  Br e e c h -l o a d in g  Sh o t g u n s  proved for black
powder must bear the marks i  or 2,  5,  and 6 (or 7 or 10),
and if proved for smokeless powder the mark 12 or
similar mark.

Do u b l e  Br e e c h -l o a d in g  Sh o t g u n s  proved for black
powder  must  bear  the  marks  i  or  2,  5,  and  6  (or  10),
and if proved for smokeless powder the mark 12 or
similar mark.

Br e e c h -l o a d in g  Ri f l e s  must bear the marks i
(or  2),  8  and  9.
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Mi l i t a r y  R if l e s  must  bear  the  marks  i  or  2  and  14.
Sa l o o n  R i f l e s  must bear the marks i or 2 and 15.
Pist o l s  must bear the marks i or 2 and 16.
Re v o l v e r s  must  bear  the  marks  i  or  2  and  17.
Marks i i and 13 are used for special and supplemen-

tary proofs only.
There are other marks used, but they are always in

addition to those already mentioned.
Reciprocal recognition of Proof Marks between Great

Britain and Spain was estabhshed in 1927 and the Proof
Marks of either country are legal currency in the other.

M AX IM UM  C A R TR ID G ES  A N D  LO W -V ELO C IT Y  LO ADS
A N D PRO OF

The question sometimes arises whether a Maximum
cartridge or a Low-Velocity load can be used with safety
since the weight of the shot charge is usually greater than
the weight of the maximum Service Charge impressed on
the barrels of a gun.

It  must  be  realised  that  the  whole  object  of  Proof  is
to test guns for pressure, and the weight of the maximum
Service Charge of shot which is impressed on the barrels
is assumed to be used in conjunction with the maximum
Service Charge of powder.

The pressure developed by a Maximum cartridge or a
suitable low-velocity load is no higher than that developed
by standard charges, and is frequently less. This is
because in the case of the Maximum cartridge a special
slow-burning powder is used while in the low-velocity
load a powder charge appreciably lighter than the service
charge is used with the heavier shot charge.

So long as this principle is maintained there can be
no question of danger.

O F FE N CES  A G A IN ST  T H E  P R OO F  A CT

There are certain Offences and Penalties imposed by
the Gun Barrel Proof Act, 1868, of which all Sportsmen
and Dealers in Firearms should be aware. And since
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ignorance of the law is no valid excuse, it may be as well
to give details of some of the Offences and Penalties
imposed by this Act.

Section 122 makes it an offence to import into England,
Small Arms, the Barrels of which are not duly proved,
and marked as proved, without giving notice in writing,
within seven days next after their arrival, to the Proof
Masters of the London and Birmingham Proof Houses,
and, for every such offence, imposes a penalty, for every
Barrel, not exceeding £20.

Section 122 also makes it an offence to omit sending
such imported Arms, within twenty-eight days next
after their arrival in England, to be proved at either of the
Proof Houses of London or Birmingham, and for every
such  offence  imposes  a  penalty,  for  every  Barrel,  not
exceeding £20.

Sections 108 and 109 make it an offence to sell,
exchange, expose or keep for sale, or export, or keep for
exportation, or to attempt to sell, exchange, or export,
or  to  pawn  or  pledge,  or  attempt  to  pawn  or  pledge,  or
to take in pawn or pledge, an Arm, the Barrel or Barrels
of which are not duly proved, and marked as proved, and
for every such offence Section 122 imposes a penalty, for
every Barrel, not exceeding £20. And in this connection
it  should  be  realised  that  any  firearm  which  may  have
been proved in a country with which Great Britain has
no reciprocal recognition of Proof Marks is legally an
unproved firearm.

Section 129 provides for the registration, at the Proof
Houses of London and Birmingham, of the Proof Marks of
a Foreign State, having a public Proof House established
by Law.

Section 132 provides that Barrels bearing such duly
registered Foreign Proof Marks shall be exempted from
the provisions of this Act, but if any Barrel has on any
part thereof, or on any part of the Arm into which it is
made up, any mark, name, sign, or character, indicating,
or purporting to indicate, that such Barrel or Arm
respectively is of English manufacture, or shall bear the
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name of any English maker or Dealer, or of any Person,
Partnership, or Company, carrying on in England the
business  of  a  maker  or  a  Dealer  in  Arms  or  Barrels,  such
Barrel is to be deemed an unproved Barrel of English
manufacture, rendering the person dealing with it liable
to a penalty not exceeding £20.

The word " Barrel ” in the Act includes the Breech
and Action, or any part of the Arm through which it
would be fired.

It should also be noted that when certain alterations
or  conversions  are  made  in  guns  they  call  for  the  gun
being submitted to re-proof before being sold, or sent
back to the sportsman at whose request the conversion
was made.

The most usual of such alterations is the converting
of non-ejectors to ejectors. At first sight it may seem
unnecessary for a gun to be re-proved after such an
apparently simple change. But in reality it is a very
essential precaution, since there is usually less spare
metal left at the breech end of a non-ejector gun than there
is in an ejector, because the solid leg of the extractor of
a non-ejector is smaller in diameter than the spht double
leg of the extractors of an ejector, the reason being that
the solid leg is stronger than the split, and so need not be
so stout.

When the gun is converted the hole in the breech
which receives the long leg of the extractor must be
enlarged in order to provide accommodation for the
split leg ; and this enlargement may reduce the walls of
the barrel unduly if there is not much metal to spare
between the two chambers. On this account there is
always a potential source of risk when such a conversion
is made, and so the need for re-proof will be obvious.

When a non-ejector has been converted to an ejector
by a gunmaker who was not the original maker of the
gun the fact should be engraved on the rib, and after
the original maker’s name should be added ” Converted
to ejector b y ----- .”

Another conversion which is sometimes carried out
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is the lengthening of the chambers of a gun. If this
is done the thickness of the wall of the barrel at the
head of the chamber will be reduced. So it is merely
reasonable that a gun should be re-proved after such a
conversion has been effected.

Sometimes rook rifles are re-bored and converted
to *410 shotguns. Such guns should, of course, be
re-proved, while the name of the gunmaker who carried
out the conversion should also be engraved on the barrel
unless he was the original maker of the weapon.

S A F E T Y  P R O V ID E D  B Y  P R O O F

There now only remains the question as to whether
Proof is an absolute safeguard against an unreliable gun
being placed on the market. Flaws in metal are known
to exist, and sportsmen may wonder whether the fact that
a gun has passed all the Proofs demanded by law can be
taken as a guarantee that the gun is absolutely sound.
This  is  a  difficult  question to  answer,  and any attempt at
doing so had better be delayed until Chapter XVIII.

N O TE .— Since  1948  a  new  type  of  American  cartridge  has  been
developed  which  is  sold  extensively  overseas  and  which  is  really  a
2i-inch cartridge externally but carrying a 2f-inch load. It is closed
with  the  crimp  turnover  and  in  the  12-bore  size  contains  a  powder
charge  of  up  to  what  corresponds  to  3  J  drachms  of  black  powder  and
shot charges of i j and ounce. The pressmes are similar to those
developed b y British 2|-inch cartridges and appreciably higher than
those for which 2j-inch 12-bore guns are normally proved. It cannot,
therefore,  be  stressed  too  strongly  that  such  cartridges  are  not  safe
to  use  in  ordinary  2j-inch  guns.

The only practical solution for this difficulty is to prove guns which
are likely to be used with these cartridges with what m ay be termed
the “ 2|-inch Proof,” and this must mean a tendency to heavier guns.

Any  sportsman  who  uses  these  heavily  loaded  cartridges  in  a  gun
which  has  not  been  suitably  proved  is  running  a  grave  risk  as  the
existing “ 2j-inch Proof " was never intended to cover the use of
cartridges which really contain “ zj-inch loads."



C H A P T E R  X V I

BURSTS

WE now come to a question which happily seldom
arises, namely that of bursts. When one
remembers the vast number of guns which

are in constant use; the regularity and frequency with
which these guns are fired ; the almost habitual neglect
with which a considerable proportion of them are treated ;
and the diversity of ammunition which is used in different
parts of the world; when one remembers all these facts
there can only remain a feeling of wonder that the record
of accidents due to guns bursting is so small. It is more
than probable that the great majority of men who shoot
regularly never see a gun burst in the whole of their lives.
This fortunate rarity of accidents due to bursts bears
high  testimony  to  the  quality  of  British  guns,  as  well  as
to the reliability of cartridges which are in general use.
But it has also two other effects: the suspicions of
shooters are lulled, so that there is little appreciation of
what are necessary precautions ; and the whole subject
of burst guns is little understood, either by sportsmen
or gunmakers.

This last point is not altogether surprising, as a
proper understanding of the subject demands a certain
amount of knowledge of the properties of steel as well as
familiarity with the science of Internal Ballistics.

Since, however, when a burst does occur its true
cause can become a matter of considerable moment a
study of the subject is well worth while, especially as
such a study wiU impress upon shooters the importance
of adopting certain simple precautions which may easily
result in the avoidance of accidents, many of which are
due to ignorance or carelessness.

Since a burst must always be caused by the pressure
exerted by the expanding powder gases it must entail

331
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rupture either of the barrel or the action. When an
action ruptures, or breaks, the fracture invariably occurs
across the bar in prolongation with the face of the action,
as has been explained in Volume I (pages 50, 51, 87).
The rupture of a barrel may occur at any point in its
length according to circumstances.

Usually the expression “ burst ” is confined to a
rupture of a barrel, the cracking of an action being
termed a " break ” or a " smash.” These distinctions
are really obvious, but for the sake of convenience in this
chapter I will include " breaks ” or “ smashes ” in the
term “ burst.”

All bursts can be divided into three classes.
(1) Bursts caused by excessive pressure generated in

the cartridge-case.
(2) Bursts caused by the presence of some obstruction

in the bore.
(3) Bursts due to some abnormal weakness of the

metal of the barrels or action.
But before we come to consider these three entirely

distinct classes of bursts we must first turn our attention
to a brief study of certain properties of steel.

Steel is an elastic substance. That is, when pressure
is applied to any structure of steel that structure will
yield to a certain extent under the influence of that
pressure, but when the pressure is removed it will recover
its original form. There is, however, a limit to this
elasticity, and if this limit is exceeded the steel will no
longer resume its original form ; while if it is exceeded
much the steel will break. This can be rmderstood best
with the help of the diagram given in Fig. 32 which
represents the action of a piece of steel in response to a
steadily increasing tensile stress. In practical tests a
sample piece of steel is taken and submitted to a puU, or
tensile stress, which is gradually but steadily increased.
Under the influence of this tension the piece of steel is
gradually stretched until it breaks. The diagram shows
the manner in which the steel is elongated by the increas-
ing tension until the final rupture occurs.
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The point O in the diagram indicates the original

length of the piece of steel under test, as can be seen.
As the tension is applied this test piece is stretched, and
the degree of elongation produced b y any particular stress
is shown on the graph. For example, under a tensile

ELONGATION OF STEEL
F ig . 32.— Diagram  to  illnstrate  how  a  piece  of  steel  is  elongated  under  the

influence  of  an  increasing  tensile  stress.  B  is  the  Elastic  l im it ;  and  C
the Maximum Strength.

stress of Ti the test piece will stretch to O i ; and under a
stress of T j it will stretch to Og, as shown b y the dotted
lines.

A t first the elongation produced is directly propor-
tional to the stress ; that is, the amount of elongation is
doubled when the stress is doubled, and so on proportion-
ally. This experimental law is known as " Hooke’s
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Law,” and is the foundation of the Mathematical Theory
of Elasticity.

But if the stress is increased beyond a certain point a
change occurs. This point is shown at A in the diagram,
and when it is passed the behaviour of the steel alters
and  the  elongation  is  no  longer  directly  proportional  to
the stress.

If the stress is increased stiU further, another change
is soon brought about, which is shown in the diagram at B.
At this point, which is known as the “ Elastic Limit,”
the physical nature of the steel is changed, and it loses part
of its elasticity. That is, when the stress is removed it
no longer recovers its original shape, but remains per-
manently elongated. Also, immediately the elastic limit
is reached the steel suddenly gives, and there is an in-
crease in elongation without any further increase in the
stress. This is shown in the diagram by the short hori-
zontal line BP. And when the stress is increased further
the increases in elongation are not proportioned to the
stress, but become greater and greater as the stress is
increased, until final rupture occmrs at C, which point is
known as the “ Maximum Strength.”

Some authorities call the point A in Fig. 32 the
“ Elastic Limit,” because after this point is passed the
elongation is no longer directly proportional to the stress,
and Hooke’s Law no longer holds. The point B is then
known as the " Yield Point.” But since the expression
“ Elastic Limit ” is more generally known, and since it
seems to signify better the limit to which steel may be
stressed before losing all of its elasticity, I propose to
use it to describe the point B. In doing so I am following
a very common metaUurgic custom, but the reader should
remember that in these chapters the expression “ Elastic
Limit ” is synonymous with " Yield Point.”

When the powder gases expand very rapidly in the
chamber and bore of a shotgim barrel they produce
pressure;  and  this  pressure,  as  has  been  explained  in
Volume II, acts equally in every direction. Its forward
effect propels the wadding and shot charge, while its
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CARTRIDGE IMMEDIATELY IN FRONT OF THE 1 2-BORE CARTRIDGE
The fact that the gun was fitted with an efficient top extension probably saved the action from being distressed
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backward effect is felt in recoil. The lateral, or radial,
effects are not felt by the shooter since they are checked
by the walls of the barrel. But the walls of the barrel
cannot check the pressure without some effort, and this
effort comprises the overcoming of the internal stress in
the steel which composes the walls. This stress is the
direct outcome of the pressure and tends to pull apart the
particles of steel in the walls of the barrel. In other
words, the pressure generated by the expanding powder
gases causes a tensile stress in the walls of the barrel,
and the greater the pressure the greater will be this stress.

The intensity of the stress which the walls of the
barrel have to overcome, however, depends on their
thickness. This should be readily understood, since the
thicker the walls are the greater the area over which the
effort of overcoming the stress is spread, and consequently
the effort is much less intense in any layer when the barrel
is thick than when it is thin.

It may seem that I am labouring an obvious fact,
namely that the thicker the barrel the stronger it is.
But it is extremely important that the reader should
understand that there is a definite relation between the
gas pressure, the tensile stress in the steel of the barrel,
and the thickness of the walls of the barrel.

This relation is given by a formula known as the
“ Gunmakers’ Formula,” which is :

F  = t x  ~
R*  +

where P is the Gas Pressure in the barrel in tons per
square inch.

t is the Tensile Stress on the internal layer of the
barrel in tons per square inch of the metal. ̂

^  It  will  be  noticed  that  the  Tensile  Stress  is  quoted  as  acting
on the " internal layer ” of the barrel. When considering stresses
in  barrels  the  walls  of  the  barrel  must  be  regarded  as  being  made
up  of  a  very  large  number  of  very  thin  layers,  as  if  a  number  of
tubes were fitted over one another. The maximum stress naturally
occurs in the innermost layer, because this layer would have to give
way  before  any  stress  would  be  felt  b y  the  next  layer,  and  so  on.
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R®  is  the  External  Diameter  of  the  barrel  in  inches,
y* is the Internal Diameter of the barrel in inches.

This formula is given in the Government Text Books
on Ordnance and Small Arms, and it can be regarded as
being quite sufficiently accurate for aU practical require-
ments when apphed to ordinary shotgun barrels. Its
importance and value wiU readily be appreciated, for if
the Elastic Limit and Maximum Strength of any particu-
lar type of steel are ascertained by actual test, the values
of these stresses can be substitued in the formula which
wiU  then  supply  information  as  to  the  barrel  thickness
necessary to withstand any particular gas pressure. And
since the maximum gas pressure generated by various
charges is known within narrow limits at all points along
the bore, it is possible to determine the thickness of
barrel throughout its length which is necessary for safety.

Conversely, if the barrel is ruptured, and the Maxi-
mum  Strength  of  the  steel  from  which  it  is  made  is
obtained by actual test, it can be stated quite definitely
that the gas pressure must have exceeded a certain value
in order to produce the stress necessary to cause rupture.

In this connection it is important to know what are
the absolute maximum gas pressures at different points
along the barrel which can be generated by ordinary
charges of powder. When a given weight of powder is
consumed, or exploded, in a closed vessel the pressure
developed is the maximum this weight of powder can
give in the volume of the closed vessel. If this volume
is the chamber, or bore, of a shotgtm, one side— t̂he wads
and shot charge— moves and takes up heat from the
powder gases, thus reducing the pressure. So the pressure
must always be less in a gim barrel than in a closed vessel
of the same volume, the amount by which the pressure
is less being dependent on the amount of energy imparted
to the shot charge and wads and the amoimt dissipated
in heat.

Sir Andrew Noble measmred the pressures developed
by many propellants in closed vessels at various loading
densities, and his researches have proved invaluable in
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ascertaining the absolute maximum pressures which can
be developed in a shotgun barrel at various points along
the bore by normal charges of ordinary shotgun powdersd

For purposes of convenience the gas pressures neces-
sary to produce stresses if 15, 20 and 40 tons per square
inch in the inner layer of a typical 2^-inch 12-bore barrel
are given in the table on next page, which also includes the
normal gas pressures and the absolute maximum pressures
which can be developed at various points along the bore
by an ordinary charge of a shotgun powder.

The values of 15, 20 and 40 tons per square inch have
been taken as examples in stresses simply for convenience,
as  20  and  40  tons  per  square  inch  are  the  values  of  the
Elastic Limit and Maximum Strength of the typical
highest grade steel which is used in the manufacture of
best quality gun barrels. In some grades of equally
good steel the Elastic Limit is as specified, but the
Maximum Strength is slightly less, being 35 tons per
square inch. But the difference is of no practical impor-
tance because once the Elastic Limit has been passed
the  physical  condition  of  the  steel  is  so  changed  that

^  Some  typical  results  of  Sir  Andrew  Noble’s  are  given  in  the
following  ta b le ;

Loading
Density.

Pressure in Tons per Sq. In. developed by

Ballistite. Mark I Cordite. M.D. Cordite. Nitio-cellulose
PowdCT.

0-05 3 0 3-3 3-0 3 0
0 ‘ 10 6-5 7-0 6-5 6-4
0 -15 10*9 11-7 10-5 10*0

All the propellants mentioned in this table actually give higher
closed-vessel pressures than shotgun powders such as Schultze,
Smokeless Diamond, E.C., etc., because they are wholly converted
into  gas,  while  the  shotgun  powders  contain  10  per  cent,  or  more  of
inorganic ingredients which cannot be converted into gas. Accord-
ingly if we take the closed-vessel pressures for the nitro-ceUulose powder
as  being  correct  for  a  shotgun  powder  such  as  Smokeless  Diamond,
the pressures are really being placed at an excessive level. Moreover,
these  pressures  are  also  reduced  b y  cooling  and  b y  work.
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different tests of the same type of steel may give somewhat
different results ; and it can be assumed for all practical
purposes that the Maximum Strength of the highest-grade
gun-barrel steel varies from 30 to 50 tons per square inch,
and that 40 tons per square inch is a normal value.

T A B L E  X X X

No r ma l a n d  Ma x imu m Pr e s s u r e s a n d  Pr e s s u r e s n e c e s s a r y
TO  PRODUCE  D i f f e r e n t  St r e s s e s i n a n o r d i n a r y 12-bo r e
Sh o t g u n  B a r r e l

Distance
from Breech

in Inches.

Pressure generated by
33 Grains Smokeless

Diamond in a aj-inch
12-bore Barrel.

Pressure necessary to Stress the
Inner  Layers  of  a  typical  2j-inch

12-bore Barrel to

Normal. Maximum
Possible.

15 Tons
per Sq. In.

20 Tons
per Sq. In.

40 Tons
per Sq. In.

I 2 ’8o 30-30 5-00 6-70 13-40
2 2'8o lO-IO 5-00 6-70 13-40

276 7-50 3-75 5-00 10-00
3 2-69 5-90 4-29 5-72 11-44
4 2-50 4-05 3-77 5-02 10-04
5 2-19 3-06 3-29 4-38 8-76
6 178 2-42 2-87 3-82 7-64
7 1-49 2-01 2-57 3-42 6-84
8 I '26 1-70 2-27 3-02 6-04
9 i-o8 1-47 1-99 2-65 5-30

10 0-95 1-29 1-74 2-32 4-64
12 075 1-04 1-52 2-02 4-04
14 0-67 0-84 1-37 1-82 3-64
16 0-49 0-74 1-25 1-67 3-34
18 0-41 0-64 1-25 1-67 3-34
20 0-35 0-57 1-29 1-72 3-44
22 0-30 0-51 1-33 1-77 3-54
24 0-26 0-46 1-33 1-77 3-54
26 0-23 0-42 1-37 1-82 3-64

N .B .— Âll pressures are given in tons per square inch.

The important point is really the Elastic Limit. Once
this is exceeded the shape of the barrel can be changed.
If the Elastic Limit of the internal layers only is passed
the outer layers may possess sufficient tensile force to
compress these inner layers, when the increase in the
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size of the barrel will be so slight as to be almost imper-
ceptible, the barrel merely taking up a slight permanent
“ set.”

But  if  aU  the  layers  of  the  waU  are  stressed  beyond
the Elastic Limit they will not recover their original
shape after being stretched and will remain permanently
elongated.

When the walls of a barrel are elongated permanently
as the result of a stress produced by internal gas pressure
the diameter of the barrel is greater than it was originally,
and the barrel  is  said  to  be  "  bulged.”

If the Maximum Strength of the steel is exceeded
the barrel will rupture or burst.

It must be realised, however, that the pressures given
as being necessary to stress the barrel to 40 tons per
square inch are actually less than those necessary to
rupture a barrel which has this maximum strength. This
is because the Gunmakers' Formula only gives the pres--
sure for stressing the inner layers of the barrel to 40 tons.
When the stretch of the barrel has become comparatively
great, as it must just before bursting, all parts of the
wall of the barrel exercise an equal hoop tension. And to
calculate the gas pressure necessary to stress all the layers
of the barrel to 40 tons per square inch a different for-
mula is employed. 1 It is, however, sufficiently accurate
to assume that the pressure necessary to burst a barrel is
about 10 per cent, higher than that required to stress the
inner layer to the maximum strength.

In the case of cheap guns the steel used for the barrels
will frequently have considerably lower Elastic Limits
and Maximum Strengths than the values I have given,
and in such cases the barrels will be bulged or burst
respectively by gas pressures which would have had no
effect on barrels made of high grade steel.

I have frequently heard sportsmen eulogising the old
Damascus twist barrels and declaring that this material

^ Professor Alger gives the bursting formula as

=  /  X 3 (R  - r)
R + 2r
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was superior to steel in that it stretched without bursting.
This belief is due to the frequency with which bulges used
to occur in Damascus barrels. But so far from these
bulges being a sign of the superiority of this material
they were proof of its inferiority, as they indicated very
low Elastic Limits. In the case of steel barrels similar
gas pressures would have produced no permanent elonga-
tion because the steel would have resumed its original
form on the pressure being removed owing to the steel
being more elastic than Damascus.

If the physical condition of the steel is changed by
submitting it to excessive heat, as explained in Volume I
(pages 32 and 33), it loses its elasticity and strength,
and the Elastic Limit and Maximum Strength are both
lowered very considerably. In such circumstances a
barrel can be bulged, or even burst, by considerably
lower  gas  pressures  than  those  given  in  Table  X XX.

There are two points in connection with Table X X X
which are worthy of attention.

The first, and by far the more important, is that the
gas pressures necessary to stress the barrel to 15, 20 and
40 tons per square inch at 2J inches from the breech are
appreciably lower than the pressures necessary to produce
the same results at 3 inches, and slightly lower than those
which give corresponding results at 4 inches. This is
because the wall of the barrel is thinner at 2J inches from
the breech than it is at 3 and 4 inches, because the
chamber cone begins at 2J inches. So it wiU be realised
that the junction between the chamber and the chamber
cone can be a weak spot in a barrel. In actual practice
there is no extra risk owing to this fact, because the gas
pressure must always be falling away at this distance
from the breech, and a pressure which would stress the
barrel excessively at 2J inches would mean a stiU higher
pressure in the chamber, which would also stress that
part of the barrel excessively.

The  second  point  is  that  the  barrel  seems  to  become
stronger after a distance of 20 inches from the breech is
exceeded. As a matter of fact it is stronger because the
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muzzle end of a barrel is invariably made thicker than the
middle to allow for recessing and choke.

Although Table X X X gives particulars of a 2j-inch
12-bore  barrel  the  general  principles  which  it  sets  out
apply equally to aU gauges of barrels chambered for all
lengths of cases. These principles may be summed up
as follows:

(1) The gas pressure is always greatest in the chamber
and falls away very rapidly immediately in front of the
chamber until a point is reached which is approximately
twice  the length of  the  chamber from the breech.  After
this point is passed the rate of fall in the pressure becomes
more gradual as the distance from the breech is increased
{vide Plate X, Volume II).

(2) The gas pressure acts in this manner irrespective
of its intensity.

(3) The gas pressure necessary to bulge or burst a
properly designed barrel of good quality steel can only
be produced by a normal powder charge in the immediate
neighbourhood of the breech and chamber. Therefore
the powder cannot be held responsible for any burst
which occurs more than, say, one inch in front of the
chamber.

These are three very important principles, and once
they have been grasped we can leave this brief survey of
the general principles involved and proceed to consider
in detail the three different classes of bursts which were
given at the beginning of this chapter.

PR E SSU R E BURSTS

The first of these classes comprises bursts which are
caused by an excessive pressmre generated in the cartridge-
case.  Such  a  pressure  may  be  the  result  of  any  one  or
more of the following causes:

T h e  Us e o f a n  Un s u i t a b l e  Po w d e r . It should
hardly be necessary to emphasise the importance of using
only shotgun powders in cartridges intended to be fired
in shotguns ; yet experimenters whose enthusiasm is
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greater than their knowledge will occasionally try unsuit-
able powders. In the case of black powder, for example,
a very fine-grain powder is unsuited for shotguns and the
pressure generated might be disastrous. Similarly no
rifle powder, such as cordite, should be used in a shotgun
cartridge.

The use of an unsuitable powder cannot occur when
cartridges are loaded on anything approaching a large
scale, as an isolated charge of a powder different from
that being used for the bulk of the cartridges could not
find its way into the loading machine. Consequently the
only  conceivable  risk  from  this  cause  is  that  run  by  the
amateur experimenter. In cartridges purchased from
any responsible gunmaker the risk is too remote to merit
consideration.

T h e  U s e o f a n  E x c e s s i v e  P o w d e r  C h a r g e . The
powder charges in cartridges loaded by automatic machines
will  seldom  vary  by  more  than  half  a  grain  more  or  less
than the charge for which the machine was set, as the
hoppers of the machine wiU only hold these amounts of
powder ; and if the charge varies from the mean by any
appreciable amount the machine wiU no longer function.
For this reason machine loaded cartridges must always
be safer and more reliable than those loaded by hand in the
ordinary way, and it is quite impossible for any single
cartridge from a batch loaded by a machine to contain a
powder charge which is appreciably greater than the rest.

The only risk in the case of machine loaded cartridges
is that due to the omission of checking the weight of
powder given by the hopper. As was explained in
Volume II, the size of the hopper is affected slightly by
temperature, and it may throw bigger charges in warm
weather than in cold. But such variations are admittedly
slight, and could hardly be sufficient in themselves to
cause any dangerous pressure.

The most important reason for checking the weight
of the powder charge thrown by the machine is that there
is always the risk when using some foreign powders that
the powder has not been properly standardised for bulk.
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In such circumstances the machine might load over
40 grains of a 33-grain powder in every cartridge. This
possibility was explained at length in Volume II, and so
I will not enter into further details here.

When cartridges are loaded by hand there is a far
greater risk of irregularity in the ̂ weights of the powder
charges, and I have actually known a case in which a
12-bore hopper was used in loading 16-bore cartridges by
a country ironmonger. In this particular instance the
loader was also unfortunate in using a cheap continental
powder which had not been properly standardised for
bulk, and so there were two soturces of error. The first
of these resulted in the 16-bore cartridges being loaded
with the bulk of powder which would have been correct
for a 12-bore case. Normally this bulk would have
weighed 33 grains ; but the powder had not been correctly
standardised for bulk, and the charge actually weighed
42 grains. The net result was that the cartridges con-
tained 42 grains of powder instead of 28 grains !

This is a most remarkable instance of an excessive
powder charge, but I have also known 43 grains of
another variety of continental powder being loaded into
an ordinary 12-bore cartridge. Here again the powder,
which was nominally a 33-grain bulk powder, had not been
correctly standardised for bulk, and the loader had never
checked the weight of powder thrown by his hopper.

These two examples should emphasise the extreme
importance of checking the weights of powder given by
the hopper of a machine, especially when foreign powders
are used.

Amateur experimenters wiU at times load cartridges
with excessive powder charges, and there is sometimes
the risk of an ignorant loader using a bulk powder
measure when loading a dense powder, such as baUistite.
But such possibilities need not be considered by the
shooter who buys his cartridges from a rehable source.

T h e  U s e o f a n  E x c e s s i v e  S h o t  C h a r g e . This is
not such a potent source of risk as the one which has just
been discussed, since it is very difficult to load an abnor-



344 THE MODERN SHOTGUN

mally heavy shot charge into an ordinary cartridge-case
and maintain the strength of turnover or crimp when the
standard powder charge and wadding are used. Further,
there is the same safeguard in the use of loading machines
which holds good for powder charges. At the same time
loaders should always check the weight of shot charge
thrown  by  a  machine  from  day  to  day  in  exactly  the
same way as they should test the machine for the weight
of powder.

Occasionally amateurs try to improve the pattern by
adding sawdust or bone-dust to the ordinary shot charge
and so filling up the spaces between the pellets. This
adds to the weight of the shot charge, and is, therefore,
not to be recommended.

When abnormally heavy shot charges are used in
conjunction with suitably light powder charges, as is
done in Low-Velocity loads, or in Maximum cartridges
with the special slow burning Neoflak powder, there is
no risk of excessive pressure.

T h e  A c c i d e n t a l  I n s e r t i o n i n t h e  C h a m b e r o f a

C a r t r i d g e o f  S m a l l e r  G a u g e . But  there  is  one  way
in which the weight of the projectile (normally the shot
charge and wads) can be increased very considerably
which deserves the most careful attention.

It sometimes happens that a few 20-bore cartridges
get  mixed up in  a  bag of  12-bore.  When this  occurs  the
shooter  may  re-load  his  gun  after  firing  with  a  20-bore
cartridge. This will naturally be too small for the 12-bore
chamber, and it will slip forward until it sticks in the bore.
When  the  shooter  again  fires  the  lock  of  that  barrel  he
will only hear the chck of the falling tumbler, and on
opening the gun he will see an apparently empty chamber,
on which he may quite likely think that he forgot to re-
load  in  his  hurry  and  will  remedy  the  omission  at  once.
In doing so he will load an ordinary 12-bore cartridge in
his gun with a 20-bore cartridge in front of it.

The risk from such a procedure should be obvious,
but the exact nature of the risk will depend on the position
occupied by the 20-bore cartridge. This wiU be governed
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by the diameter of the rim of the cartridge-case and that
of the front end of the chamber or cone. As a rule, a
20-bore cartridge will stick in a 12-bore gun with its base
a little way ahead of the front end of a 12-bore cartridge
when it is actually loaded in the chamber, and a situation
will then arise which will be considered under the heading
of “ Obstructional Bmrsts." But sometimes the 20-bore
cartridge will stick in such a position that its base will just
rest on the top of a 12-bore cartridge when the latter is loaded
in  the  chamber. In this position it really amounts to an
additional projectile which the expanding gases produced
by the combustion of the 12-bore powder charge will be
required to expel, and in such circumstances the pressmre
generated may be very high.

I have taken a combination of a 12-bore gun and a
20-bore cartridge as an example, because this combination
is far the most common. A 28-bore cartridge cem be
inserted similarly into a 16-bore gun and offers an almost
exact parallel to a 20-bore cartridge in a 12-bore gun
and the same results would follow. A 28-bore cartridge
can also just be loaded into a 20-bore gun with a 20-bore
cartridge behind it when the gun can be closed ; and in
very exceptional circumstances a 16-bore cartridge will
stick similarly in a 12-bore gun.

Given a normal 12-bore gun and a correctly gauged
16-bore cartridge such a thing is an impossibility, as the
16-bore cartridge is too large to permit of its insertion
sufficiently  far  into  a  12-bore  chamber  to  leave  room  for
a 12-bore cartridge to be loaded behind. But in the
Field of October 7th, 1922, a correspondent pointed out
that he had recently purchased some 16-bore cartridges
of British manufacture some of which could be inserted
right home in a 12-bore gun. I thereupon wrote to this
gentleman, who kindly sent me two of the smallest
cartridges from the lot which he had bought. I tried these
cartridges in three dozen guns of as different types as
possible and found that only in the left barrel of one gun
was it possible to load a 12-bore cartridge on top of the
16-bore one. And even in this case the gun could not
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be closed without the exercise of more than an ordinary
amount of force. In the majority of cases it was impos-
sible to insert a 12-bore cartridge for more than an inch
and a half into the chamber when the 16-bore cartridge
was already there.

The rims of these two somewhat undersized 16-bore
cartridges measured 0*8034 and 0*8035 of an inch
respectively.

Now the maximum cartridge sizes and the minimum
chamber sizes, as accepted by the trade, are published.
But there are no published accepted minimum cartridge
sizes or maximum chamber sizes. The actually published
and accepted sizes are 0*813 for the maximum diameter
of a 16-bore rim, and 0*800 for the minimum diameter
of the front end of a 12-bore chamber. Naturally car-
tridges are smaller than the maximum lim it; while, on
the other hand, gun chambers are larger than the
minimum limit. In the latter case, however, the differ-
ence is not great in carefully bored chambers; and
need not exceed, say, 0*002 of an inch. In old and worn
chambers, however, this excess may very likely be
greater.

But it was quite clear from this case that there was a
danger from undersized 16-bore cartridges although the
danger could only become real through the combination
of an exceptionaUy wide 12-bore chamber and an excep-
tionally small 16-bore cartridge. So, as far as practical
considerations were concerned, the danger was not very
common. Nevertheless its very possibility was some-
thing to avoid, and consequently the British manufac-
turers slightly raised the minimum factory working limit
for the rim diameters of 16-bore cartridges, which was the
best step they could take towards the elimination of what
risk there was. This minimum factory working limit
has been rigidly enforced ever since, with the result that
I do not think there is any danger to be feared from under-
sized 16-bore cartridges of British manufacture.

In the case of some foreign cartridges, however, the
risk can be considerable, and in the Field of October
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22nd, 1925, there appeared the repoil; of an accident due
to this cause. In this particular instance the cartridge-
cases were of continental manufacture and out of twenty-
three which I measured no less than twenty had rims of
less than o-8oo of an inch in diameter, some being as small
as 0*780. That is, the majority of these cartridges were
sufficiently undersized to permit their being inserted right
home in any 12-bore gun when a 12-bore cartridge could
be loaded on top.

The danger attendant on the intermingling of 12-bore
and 20-bore cartridges is now well known and generally
appreciated. In fact so much so that many sportsmen
eschew 20-bore on this account and select a 2-inch 12-bore
or a 16-bore when they want a gun lighter than a 12.
It cannot, therefore, be emphasised too strongly that a
similar danger can exist from the accidental intermingling
of 12-bore and 16-bore cartridges if the latter are not
gauged most carefully during manufacture. That such
a process can be omitted entirely is proved by the example
I have just given, and consequently sportsmen who buy
cheap continental 16-bore cases will be weU advised to
test them in a 12-bore gun so as to see how far they will
drop into the chamber.

The possible combination of a 28-bore cartridge in
a 20-bore gun was, to the best of my belief, first pointed
out publicly by a correspondent to Game and Gun in
May, 1938, and came to me, I confess, as a surprise.
There is, however, not the slightest difficulty in insert-
ing  a  28-bore  cartridge  into  an  ordinary  20-bore  gun,
loading a 20-bore cartridge on top, and then closing
the gun. This wiU be realised from the fact that the
minimum permissible diameter of a 20-bore chamber at
a distance of inches from the breech is 0*685 of an
inch, while the working sizes for the rim diameters of
28-bore cartridge-cases adopted by Imperial Chemical
Industries, Ltd., are 0*665 for the minimum and 0*672
for the maximum, and it is probable that the manu-
facturers of most foreign brands of high-grade cases adopt
similar limits. This means that the diameter of the

M
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largest 28-bore rim must always be smaller than the front
end of the smallest 20-bore chamber.

But the difference in diameters is not sufhcient to
allow the 28-bore cartridge to shp down the bore as it can
in a 16-bore gun, and it wiU be held by the chamber cone
close  in  front  of  the  20-bore cartridge even when it  is  not
actually resting on the front of that cartridge. When
this latter condition is fulfilled the 28-bore cartridge will
produce the' effect of an abnormally heavy projectile,
just as a 20-bore cartridge does when it rests on the top
of a 12-bore cartridge in a 12-bore gun. But if there is
even a little space between the base of the 28-bore
cartridge and the front of the 20-bore cartridge, the
conditions are changed and will be considered later under
the heading of " Obstructional Bursts.”

There is also the possibility of the front cartridge being
fired by the discharge of the one behind, especially when
a crimp turnover is used. Such a thing is extremely
unlikely to occur when an over-shot wad is used as this
wad is flat and comparatively soft. But with a crimp
closure there is no over-shot wad, and it would, at any rate
in theory, be possible for a shot pellet to strike the cap of a
cartridge lodged in front and so discharge the cartridge.

A 12-bore barrel is larger than a 20-bore chamber
and consequently the presssure developed by firing a
cartridge of the latter size in a chamber of 12 gauge
dimensions would tend to be very low, and the same
general result would be given by firing a 28-bore car-
tridge in a chamber of 16 gauge dimensions. Accordingly
I never investigated the possibilities seriously, since the
risk attending the firing of any gun with a cartridge of
smaller size forming an additional projectile seemed to
me  to  be  sufficiently  great  in  itself  to  justify  the  very
gravest warning and to leave the matter there.

For the weight of the front cartridge, added to that
of the shot charge of the correct cartridge, combine to
make so heavy a projectile that a pressure much higher
than usual is demanded to produce movement. And
this pressure increases abnormally the rate of burning
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of the powder, while the heavier projectile moves more
slowly. These last two conditions combine to produce
abnormal combustion, and an abnormal amount of
powder is consumed in a relatively small volume. The
effect approaches combustion in a closed vessel and a
high chamber pressure is consequently developed.

But even so the pressure is not always sufficient to
burst a really strong gun, and there are many instances
on  record  of  a  20-bore  cartridge  being  fired  out  of  a  12-
bore gun in this manner without damage to the gun.

The risk attending such reckless experiments— for in
some cases the gun was fired deliberately and knowingly,
the shooter declaring that there was no danger— was
always very grave, and it is unlikely that the action of
any gun which was not of exceptional quality or fitted
with an efficient top extension would stand the strain
without showing distress. Nevertheless it is a proven
fact that a burst from this cause is not necessarily
inevitable.

But the discovery that a 28-bore cartridge could be
loaded  in  front  of  a  20-bore  cartridge  in  a  20-bore  gun—
for it was a discovery as far as I was concerned— created
different conditions, since the 28-bore cartridge not only
fitted a 20-bore barrel much more snugly than it did a
16-bore barrel or than a 20-bore cartridge did a 12-bore
barrel, but it also produced a greater percentage increase
in the weight of the projectile than it did with a 16-bore
cartridge or than a 20-bore cartridge did with a 12-bore.

And at about this time the Belgian F.N. zinc cartridges
with no over-shot wad and a crimp turnover were becom-
ing fairly common, while the paper tubed cartridge with
the crimp turnover appeared very shortly afterwards
both in Great Britain and America.

Now it was obvious that the crimp sealing of the case
and the eUmination of the over-shot wad changed the
condition of great improbability of the front cartridge
being fired to one of what seemed to be great probability,
since the shot pellets from the rear cartridge would
have unobstructed access to the cap of the front cartridge
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directly the crimp was opened by the initial generation
of the powder gases.

Accordingly, in 1938 and 1939 I carried out a number
of experiments with the object of ascertaining the prob-
able  total  increase  in  pressure  which  would  normally  be
incurred by the combined discharge of both cartridges.

Since it seemed obvious that the greatest increase
would be obtained by the combination of a 28-bore and
20-bore cartridge in a 20-bore gun, I began by firing a
series of 20-bore cartridges alone in a pressure barrel
so as to obtain the mean pressure. I then loaded up a
number of 28-bore cases into dummy cartridges of exactly
the same total weight as ordinary 28-bore cartridges and
fired them in the same pressure barrel with their bases
resting on a 20-bore cartridge. I purposely used dummies
so as to eliminate any possibility of a double discharge.

Finally, I fired live 28-bore cartridges in the same
barrel and in order to ensure a double discharge I stuck
short " strikers ” on to the centres of the over-shot wads
of the 20-bore cartridges. These “ strikers ” functioned
perfectly and in every case a double discharge was
obtained.

The mean results of two series of ten shots with the
dummy 28-bore cartridges gave increases in pressure of
46 and 56 per cent. But when the 28-bore cartridges
were fired also, giving a double discharge, the mean
increase in pressure was no less than 140 per cent,

This  means  that  in  the  case  of  ordinary  20-bore
cartridges developing an average normal pressure of, say,
2-75 tons, the pressure could become about 4-3 tons
when  a  gun  was  fired  with  a  28-bore  cartridge  resting  on
the front of the 20-bore cartridge and when the 28-bore
cartridge was not discharged as well.

If both cartridges were discharged the pressure would
be raised to about 6-6 tons.

Similar combinations of 20-bore and 12-bore car-
tridges in a 12-bore gun gave increases of 30 and 50 per
cent, in pressure when the 20-bore cartridge was not
fired.
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When both cartridges were fired the increase was 120

per cent.
Assuming a normal pressure of about 275 tons for

the 12-bore cartridge on its own, this would mean that
we should be prepared to expect a pressure of anything
between 3*6 to something over 4 tons if a 20-bore cartridge
were fired with its base resting on the front of the 12-bore
cartridge  in  a  12-bore  gun provided the smaller cartridge
were not fired as well. If  the  original  pressure  of  the
12-bore cartridge was a bit more lively the pressure
developed by the double projectile would be correspond-
ingly greater.

If both cartridges were fired the pressure would most
probably be over 6 tons.

Similar experiments with 28-bore cartridges in a 16-
bore gun gave an increase in pressure of 40 per cent,
when the smaller cartridge was fired as a projectile and
without being discharged as weU. The outbreak of war
intervened with the completion of these tests. But I
was confident that the double discharge of 28-bore and
16-bore cartridges in a 16-bore gun would give an increase
of about 130 per cent. I confess that I was surprised
by the increase in pressure caused by the double dis-
charge of a 20-bore and 12-bore cartridge in a 12-bore
gun.  The  tight  fit  of  a  28-bore  cartridge  in  a  20-bore
barrel would naturally produce a big increase, and that
obtained by the double discharge of a 28-bore and 20-
bore cartridge in a 20-bore gun did not seem unduly great.
But the 20-bore cartridge lies so much more loosely in
a 12-bore barrel that I did not anticipate so big a change.
Further experiments in 1952 confirmed the possibility of
these increases. It may be that in an ordinary barrel,
which is not bored so tightly as a pressure barrel, the
results might be somewhat lower. But even if they were
the increase in pressure could never be anything but
disastrous and it is always wiser to anticipate the maxi-
mum increase possible. If this is done the fuU danger is
realised, and the more this danger is realised by sports-
men as a class the less the risk which may be incurred.
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There is admittedly always the chance of a lucky
low round. But there is an equal chance of an unlucky
high one.

Finally, I would emphasise again that even these
results were given only when the base of the front car-
tridge was actually resting on the top of the one behind.
For, as has already been explained, if the front cartridge
is a little distance ahead it acts as an obstruction, when
an entirely different situation arises, which will be
discussed in the next chapter.

T h e  U s e o f  C a r t r i d g e s t o o l o n g f o r t h e  G u n .

The pressure is raised very considerably by using car-
tridges which are appreciably longer than those for which
a gun is chambered. It is, for example, distinctly
dangerous to fire 2|-inch 12-bore cartridges in a gun
chambered for the ordinary 2j-inch cases. One might
think  that  this  would  be  so  obvious  that  no  shooter
would  ever  do  such  a  th ing;  yet  it  is  done  quite  fre-
quently, and the gun or the cartridges usually receive
the blame for any damage which arises.

T h e  U s e o f  A l l - b r a s s  C a r t r i d g e s i n a n  O r d i n a r y

G u n . Similarly it can be dangerous to use thin brass,
or aU-brass, cartridges which are specially designed and
loaded for chamberless guns in a gun chambered for
ordinary paper cases. The thin brass cases hold larger
charges of powder and shot than do the paper cases,
while the wads are larger in diameter.

Some " Thin Brass ” cases are hned with a paper
tube when their internal diameter is the same as that
of an ordinary cartridge. Such cartridges are naturally
perfectly safe to use in ordinary guns.

Cartridges of the type of the Belgian F.N. 2-inch
zinc cartridges with a crimp turnover can also be used
with safety in ordinary guns, for in these the felt wad is
much thinner than usual and during its passage up the
bore  assumes  a  form  something  like  that  of  a  partially
closed umbrella. In fact the majority of pressures
developed by these short zinc cartridges were decidedly
on the low side, a fact which probably helped the patterns.



A  C r a c k e d  A c t i o n

In this particular case the damage was not due to any excessive pressure.  The action was abnormally weak and lacked the
support afforded by an efficient top extension. But the principal cause of the cracking was the physical condition of the steel

which had been completely spoiled by over-heating

nst-̂>H
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Similarly other types of all-metal cartridges specially

designed for use in ordinary guns can be used with perfect
safety, since the type of powder and wadding are selected
so as to function correctly in what may be regarded
almost as special conditions. But if there is any doubt
the cartridges should be submitted for proper tests. As
recently as June, 1947, I tested some Italian all-brass
cartridges which developed pressures up to 3-72 tons, and
were, therefore, definitely unsuitable for use in an ordinary
2j-inch 12-bore.

T h e  S t o r a g e o f  C a r t r i d g e s i n  E x c e s s i v e  H e a t .

Some sportsmen like to store their cartridges in a hot
cupboard, and frequently such cupboards are almost
like ovens. This exposure to heat reduces the moisture
contents of the powder and increases its violence.

The best method of storing cartridges was explained
in Volume II.

T h e  U s e o f  I m p r o p e r  W a d d i n g . The substitutes
for felt or air-cushion wads which are ordinarily used
for wadding, such as cork or feltine, tend to lower the
pressure ; but occasionally some exceptional material
may be used which can raise the pressure to a dangerous
level. It was pointed out in Volume II that some years
before 1914 experiments were made in which grains of
rice were loaded between two card wads instead of the
felt wad, and that this was a most dangerous procedure
as the pressures developed were very high. Since 1920
I have come across cartridges in which sawdust had been
used in a similar way. It cannot be impressed too
strongly on both sportsmen and gunmakers that such
departures from the normal may be highly dangerous,
and experiments of this nature should only be made in a
pressure barrel.

T h e  I m p r o p e r  S e a l i n g o f t h e  T u r n o v e r .  A s has
already been explained ad nauseam, a tight turnover will
raise the pressure. But it is doubtful whether a turnover
made  in  the  ordinary  way  will  ever  raise  the  pressure  to
the danger level, no matter how tightly it is made.
Should, however, the end of the turnover be sealed to the
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over-shot wad by glue, or an excess of varnish, the
pressure generated may become excessive. This is a
point, therefore, which should not be forgotten.

Let us now turn to a consideration of the effect
produced by an excessive pressure.

First of all it must constantly be kept in mind that
pressure is caused only by the expansion of the gases
generated by the combustion of the powder in the car-
tridge-case, and that this origin of pressure must always
be the same irrespective of any cause contributory to
the raising of the pressure above the normal limit.
Failure to appreciate this elementary truth has given
rise to much misunderstanding ; so it is impossible to
emphasise its importance too strongly.

It should, therefore, be remembered that the rise and
fall of pressure in a shotgun barrel will always follow the
general lines of the curve given in Plate X of Volume II.
The actual pressures may be higher than those given
in this diagram, but a pressure curve must always approxi-
mate to this form. That is it will rise very rapidly from
the base of the cartridge-case and reach its maximum
within the length of the chamber of the barrol. Once
this maximum point has been reached it begins to fall
away, at first very rapidly. But after a distance from
the breech equal to twice the length of the chamber, or a
little more, has been reached, the rate of fall in pressure
becomes more gradual. And when a distance of approxi-
mately half-way up the barrel is reached the fall becomes
so gradual that the pressure remains comparatively con-
stant until the shot charge leaves the muzzle.

In other words, the pressure must always be maximum
in the immediate neighbourhood of the breech, and
cannot possibly ever be very high much in front of the
chamber.

It is for this reason that gun barrels are always made
thicker and stronger at the breech end, but in spite of
this extra thickness there is really less reserve of strength
at the breech than there is farther up, because the pres-



BURSTS 355
sure will always be much higher near the breech than
farther up the bore.

This should become quite clear after a study of
Table XX X. In the third column of this Table appear
the maximum pressures which can possibly result from
the combustion of 33 grains of Smokeless Diamond in a
12-bore barrel. These maximum values are given for
different distances from the breech, and they are all
based on the closed vessel pressures given by this charge
of powder.

That is, as has already been explained, the bore has
been assumed to be completely sealed at the stated
intervals in the Table, and so the whole of the charge will
have been converted into gas in the volumes specified,
thus developing the maximum pressures possible.

And here it may be stated that the closed vessel
pressure of 30-3 tons which occurs at a distance of i inch
from the breech could not be obtained in actual practice.
For to do so would mean that the whole of the powder
charge would have to be converted into gas before the
wads and shot charge had begun to move. Such a rapid
conversion of powder into gas would really be a detona-
tion ; and this, as will be seen in Chapter X IX, cannot
occur in an ordinary shotgun cartridge.

It may be urged that the maximum pressures which
have been given in  Table  X X X are  only  those which can
be generated by 33 grains of Smokeless Diamond in a
12-bore barrel, and that charges of 36 grains of this
powder are used in special loads. This is true, but the
increase in the maximum pressures possible resulting
from the extra three grains of charge would be com-
paratively so slight as to make little, if any, practical
difference in the general inferences which can be drawn
from  this  Table.  The  maximum  pressure  possible  in
the chamber would be increased, but beyond five inches
from the breech the maximum possible pressure would
not reach the limit necessary to stress the inner layers of
the barrel to 15 tons per square inch.

Similarly, the Table is sufficiently correct for other
M*
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33-grain bulk powders, such as E .C .; for the 36-grain
powder. Modified Smokeless Diamond ; for 42-grain bulk
powders, such as Schultze ; or even for dense powders,
such as BaUistite or the Neoflaks.

In actual practice, therefore, the values given in
Table X X X can be regarded as being sufficiently correct
for all ordinary powder charges in a 2|-inch 12-bore
barrel. And the differences which can exist in any other
size of barrel between the normal and maximum possible
pressures and the pressures necessary to stress the inner
layers  of  that  barrel  as  specified  can  be  assumed  from
this Table with an accuracy sufficient for all practical
purposes.

So we arrive at the conclusion— if indeed we have not
reached it already— that whatever the pow der charge an d
whatever the gauge o f  the barrel,  the dang er fr o m an excessive
p re ssu re m u st alw ay s lie in the im m ed iate n eighbourho od
o f the breech, as it  is  here that the m a x im u m p r essu re
occurs.

This danger has to be met by the barrel a n d  th e  a ctio n ,
and  whichever  is  the  weaker  will  give  way  provided  the
pressure is sufiflciently high.

There can be no doubt that in the great majority of
guns, especially guns in which the barrels are made from
the very best-quality steel, the barrels are considerably
stronger than the action. Consequently when the pres-
sure exceeds the safety limit in such a gun the action
will tend to crack across the bar. When this occurs the
breech end of the barrels is immediately separated from
the face of the action and the gas escapes, thus relieving
the pressure.

An action is undoubtedly strengthened by an efficient
top extension, but even so very few actions will with-
stand a pressure of 7 tons, and a high-grade barrel wiU
withstand such a pressure without showing any effect
beyond a bulge; while if the barrel were somewhat
thicker in the breech than usual there would not even be
any appreciable " set ” as the inner layers of the chamber
w'ould not have been stressed sufficiently beyond the
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elastic limit to cause permanent elongation of the outer
layers.

So it will be realised that the most likely result of
an excessive pressure is the cracking of the action across
the bar.

An excellent example of such an accident is shown in
Plate VII (a ). This was a best-grade i6-bore gun which
was smashed by the pressure generated by overloaded
cartridges. These cartridges actually contained 42 grains
of a continental powder instead of the standard 28 grains,
and were the cartridges to which I referred on page 343.
The i-inch pressures developed by these cartridges were
measured in a pressure barrel, and varied from 5-8 to 7
tons.

In spite of this very high pressure the barrel had
not apparently suffered, although it is possible that the
chamber was very slightly enlarged owing to the inner
layers of the walls of the chamber having been stressed
just beyond the elastic limit.

It should be remembered in this connection that this
was a 16-bore gun, and that owing to the smaller diameter
of the bore the barrel is stronger, thickness for thickness,
than that of a 12-bore gun. This will be seen at once
by substitution of suitable values in the Gunmakers’
Formula. A 12-bore barrel would probably have shown
a slight enlargement in the chamber.

The bar of the action, however, was cracked more
than half-way across and the head of the stock was
smashed.

As can be seen this gun was not fitted with a top
extension, yet even so it withstood several rounds before
it was smashed. No higher praise could be given for
the workmanship, design and quality of material used.
But it is not easy to understand how the shooter could
have  continued  to  fire  after  noticing  the  very  heavy
recoil given by the first few rounds.

This case provides a most excellent and typical
example of the result of a " smash ” caused by a
very excessive pressure, and the point to note is that
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the damage was produced in the action and at the
breech.

I will now give two examples of guns burst by exces-
sive pressures in which the barrels were weaker than the
actions. In both of these cases, as would be expected,
the barrels burst.

The first of these is shown in Plate VIII. This was
an old and cheap 12-bore gun which had never been nitro
proved, and the barrels were certainly made of an inferior-
quality steel.

The excessive pressure in this case was caused by the
firing of a 2|-inch cartridge in the gun which was cham-
bered  only  for  the  ordinary  2|-inch  case.  The  effect  of
this pressure was to burst the barrel throughout the
length of the chamber, which was completely opened out,
as can be seen in the photograph. The two barrels were
also separated, the brazing, which was not of good
quality, giving way.

The second example is shown in Plate XVI. This
is particularly interesting as, to the best of my belief, it
is the only recorded case of a 12-bore gun being burst
by the accidental insertion of a i 6-bore cartridge in front
of the 12-bore cartridge, and is the case to which reference
was made on page 346.

The gun was a medium-grade weapon which was
manufactured shortly before 1914 and was fitted, as
can be seen, with a cross-bolt top extension. It was
probably due to this fact that the action turned out to
be stronger than the barrels, although the latter were
rather on the light side.

In this case it will be seen that the right barrel was
completely severed in two immediately in front of the
chamber, a place where, as has already been pointed out,
barrels usually tend to be less strong than elsewhere.
The  wall  of  the  chamber  was  also  split  open  along  its
entire length.

It is worthy of record that the action was not damaged
in any way, and that the gun is still in use after being
fitted with a new pair of barrels. This speaks highly for
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the good workmanship and design of the action, as well
as for the quality of steel of which it was made.

Although at first sight the three examples of bursts
which I have just given may appear to differ considerably
one from the other, there is one very important point—
in fact the most important point of all— which they share
in common. This is the position of the damage: for
in each case the damage was effected in the immediate
neighbourhood of the breech.

In view of the fact that all three bursts were the
direct result of excessive pressure, this is reaUy what
would be expected. But it is important that the student
of this subject should learn to see the wood as a whole
rather than individual trees in detail; and whenever a
burst occurs the situation of the actual damage is most
important evidence in determining the cause of the
accident.

And in the case of high pressures there is another
most important witness which should always be examined
if possible. This is the fired cartridge-case of the round
which actually caused the damage.

No unfired cartridge ever fits absolutely tight in the
chamber, for were it to do so loading would be difficult.
There is always a clearance between the brass head of the
cartridge-case and the chamber, and the pressure gener-
ated on combustion of the powder expands the brass head
and causes it to fit the chamber tightly. If the pressure
is high the soft brass of the head takes an impress of the
extractor, and the higher the pressure the more pro-
nounced this impress. The result is that it is impossible
for any abnorm^y high pressure to be generated without
the fact being recorded by the tell-tale extractor mark
on the fired case.

The photographs in Plate X X (a ) and (b) show this
extractor mark plainly. The second of these photo-
graphs is of a 2|-inch 12-bore cartridge which was fired
in a gun chambered for 2|-inch cases. The barrels were
knocked off the face of the action by the resulting high
pressure, and thus the head of the cartridge was unsup-
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ported when the gas escaped through the rim, splitting
the rim.

In  Plate  X X (a ) the photograph shows an ordinary
2^-inch cartridge in which the pressure had been raised
to a very high level owing to the cartridges being stored
in a very hot place. The extractor mark is again obvious,
and the rim is enlarged although not actually split.

The strength of this extractor mark must naturally
depend on the indiviaual gu n; and so a comparison
should always be made, if possible, between the fired
case of the round under suspicion and normal cases which
have been fired in the same gun. It will be found that the
extractor mark is always much more pronounced when the
pressure is high.

Another indication in a fired case of a high pressure
has been mentioned in connection with the photographs
in  Plate  X X (a ) and (b ) and this is the condition of the
rim. An enlarged rim is a sure sign of a high pressure.

And yet another sign of pressure is to be found in
the appearance of the cap of the fired case. If the
pressure was high the cap wiU have been forced backwards
and out of its proper seating in the head of the case ; it
will be more flattened ; and the indentation of the striker
will be more pronounced than usual.

This last sign is not so easily detected by an inexperi-
enced observer, but once anyone has seen two or three
caps which have been unseated by high pressures he will
know what to look for. An experienced investigator can
teU almost at a glance from the appearance of a fired case
whether the pressure was on the high side, and can even
make  a  very  shrewd  guess  as  to  the  actual  pressure
which was generated. Photographs showing the effects
on caps of high and normal pressures are given in Plate
X X (c).

In  the  case  of  a  gun  which  is  already  “  off  the  face  ”
a comparatively moderate pressure will frequently cause
split rims, but in these circumstances the extractor mark
and appearance of the cap will indicate whether the
pressure was sufficiently high to be regarded as abnormal.
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And here it may be mentioned that if a gun is “ off
the face ” and gas escapes through a spht rim, the
escaping gas may cause damage. I have known such a
thing happen. Cartridges which developed pressures
which were admittedly high, but certainly not dangerous,
were used in a gun which was “ off the face ” in the first
place. These cartridges would not have damaged a
sound  gun  ;  but  owing  to  the  rim  splitting  the  jet  of  gas
thus produced by one round broke the cross-bolt top
extension.

All shooters should realise that if they use a gun
which  is  obviously  “  off  the  face  ”  they  can  blame  no  one
but themselves should an accident occur. For almost
anything may happen if cartridges which are at all
violent are used in a gun which gives split rims in the
normal course of events. Such a gun has no reserve of
safety, and to continue to use it is to seek trouble.

But let us return to the subject of Pressure Bursts.
It has been seen that the danger is greatest in the

immediate neighbourhood of the breech. And it can
now be stated definitely that a burst or smash caused
by an excessive pressure must always occur in the
immediate neighbourhood of the breech; further, that
such damage will either be a cracking of the action
across  the  bar,  or  else  the  bursting  of  the  barrel  in,  or
immediately in front of, the chamber.

Damage such as this is strong evidence that the burst
was caused by a high pressure, provided the sectional
design of the action and the quahty of the metal are
all that they should be. Corroborative evidence may be
found in the condition of the brass head of the fired case
which actually caused the accident.

Conversely, if a burst occurs in front of the chamber
cone and there is no damage to barrels or action in the
immediate neighbourhood of the breech, and the gun
has not been knocked “ off the face,” it can then be
assumed with confidence that the burst could not possibly
have been caused by a high pressure, and some other
explanation must be sought.
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BURSTS CAUSED BY OBSTRUCTIONS IN
THE BORE

IN the last chapter the problems presented by Pressure
Bursts were considered in detail, and in the final
paragraph it was stated that any burst which occurs

more than an inch in front of the chamber cannot be the
direct outcome of excessive pressure generated in the
cartridge-case. The fact, however, remains that if a
barrel bursts an5rwhere only two explanations are possible:
either the gas pressure at the site of the burst was too
great, or else the wall of the barrel was too weak. And
so both these two possibilities must be studied in turn.

If the gas pressure at some point between the front
of the chamber cone and the muzzle is sufficiently high
to burst a sound barrel, something out of the ordinary
must have occurred which resulted in the pressure being
raised abnormally at the site of the bmst. There is only
one  way  in  which  the  pressure  can  be  raised  locally
in a barrel once it has begun to fall after reaching its
maximum level in the chamber : this is by the presence
of an obstruction in the bore.

So we now come to the second of the three classes of
bursts which were tabulated at the beginning of the last
chapter.

O B S T R U C T I O N A L  B U R S T S

This class of burst is far the most common, and it is
safe to say that at the very least 70 per cent, of all the
bursts which occur, if not more, are caused by obstructions
in the bore. Indeed, so much more common are obstruc-
tional than non-obstructional bursts that gunmakers are
frequently inclined to jump too quickly to the conclusion
that when a burst occurs some way up a barrel it must
have been due to an obstruction. There is, however, no

362
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valid excuse for such a mistake ; nor can it ever be made
if the fundamental causes of an obstructional burst are
properly understood.

It is, accordingly, extremely important that the actual
reason should be understood why an obstruction in the
bore increases the pressure locally.

The first theory put forward to explain the high local
pressure caused by an obstruction suggested that the
pressure was due to the compression of the imprisoned
air between the obstruction and the rapidly advancing
projectile. It is quite conceivable that if the obstruction
were such that it sealed the bore completely and was
almost immovable the imprisoned air would be compressed
sufficiently to produce a high local pressure. But when
searching for a correct explanation any theory which
only fits in with certain particular, and very abnormal,
conditions must be disregarded. And the imprisoned
air theory can be disregarded owing to the fact that a
barrel can be burst just as easily by a tubular obstruction,
which must obviously allow the air to escape, as by one
which seals the bore.

The next theory suggested that the pressure was the
direct result of the compression of the moving shot charge,
or of the obstruction, or of both, which was caused by
the impact. Here again it is possible in certain circum-
stances that the longitudinal compression of the shot
charge and the obstruction would cause an outward lateral
expansion sufficient to produce a certain degree of local
pressure. But that this is the real cause of all obstruc-
tional bursts can be disproved as readily as can the
imprisoned air theory. For experiments have been car-
ried out in which the shot charge was replaced by a brass
cylinder of the same weight, and an identical cylinder
was inserted in the bore of a pressure barrel as an obstruc-
tion. After firing, both these cylinders were recovered,
when it was found that there were no indications of
material lateral expansion, and certainly none to explain
the very high local pressure which was actually measured
with  a  piston  and  crusher.
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Both these theories can, therefore, be dismissed.
“  W a v e  ”  P r e s s u r e s . The true explanation was

first indicated by the great French scientist, Vieille, who
probably made more experiments with explosives than
any other person who has ever lived. In 1890 VieiUe
published his classical researches on “ Wave ” Pressures
under the title Etude des Pressions Ondulaioires which
was included in the Memorial des Poudres et SalpHres.

Now  when  a  given  weight  of  explosive  is  fired  in  a
closed vessel the pressure developed must always be the
same since it depends on the volume and temperature of
the gases generated by the explosive. Accordingly the
method of firing and the disposition of the explosive
charge in the closed vessel cannot affect the maximum
pressure unless some other factor is brought into play.

VieiUe made experiments in closed vessels of long
cylindrical shape which were very similar to gun barrels,
being 0-87 inches in diameter and 34*9 inches long. In
these vessels he fired different charges of various ex-
plosives, but the results he obtained with the French
Poudre S, which is very similar to Schultze, wiU be suffi-
cient to indicate now the general natmre of aU these
results.

A charge of Poudre S which gave a loading density
of 0-2 in the closed vessel was first of all placed uniformly
along the whole length of the vessel and then fired. The
pressure obt lined was 5-7 tons at aU points in the closed
vessel.

An identical charge was then settled down at one end
of the closed vessel and fired, and the pressure at the
ends of the vessel was found to be 13 tons, although in
between the ends it was normal for the loading density.

The difference in pressure developed between imiform
loading and end loading increased, in the various experi-
ments made, with the rate of combustion of the explosive,
the density of loading, and the length of the closed vessel.

VieiUe proved that the abnormal end pressures which
were given by end loading were due to the movement of
the hot and very elastic powder gases in the direction
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of the length of the vessel. When the explosive charge
was evenly distributed along the whole length of the
vessel and fired, gas was given off simultaneously through-
out the length of the vessel and an even pressure de-
veloped. But when the explosive charge was placed
entirely at one end of the closed vessel, the gases given
off naturally rushed forwards along the length of the
vessel until the forward layer of gases was suddenly
checked by the closed end. When this occurred the
gases which were behind the extreme forward layer over-
took this layer and began to pile up against it, with the
result that the extreme forward layer was compressed
with great violence. It was this compression of the
extreme forward layer of gases which caused the high
pressure at the end of the vessel opposite to the place
originally occupied by the explosive charge.

The situation can be compared to a crowd of people
rushing up a blind alley without any regard for one
another, when those at the extreme end of the alley will
be squashed by the others pressing onwards, and they
will bear the greatest pressure from the crowd pushing
them against the wall.

Gases, however, are perfectly elastic, and therefore
the pressure is very high at the extreme end of the vessel
and drops very rapidly as this point is left.

The intense local pressure thus set up at the end of
VieiUe’s closed vessel is known as a “ Wave ” pressure,
and the maximum height of this wave pressure is very
local.

The  wave  pressure  at  the  far  end  of  the  long  closed
vessel was reflected backwards and an exactly similar
situation was then set up at the opposite end of the vessel,
which accounted for the pressure being so high at both
ends.

After this the wave pressure was again reflected
forwards and backwards, with gradually decreasing
violence, until the movement finally died away. This
action was shown by suspending a closed vessel as a
pendulum and noting the swing.
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In order that the great increase in pressure due to
the wave should be appreciated I am quoting more of
Vieille’s results in the following Table.

T A B L E  X X X I

R e s u l t s o f  V i e i l l e ’s  I n v e s t i g a t i o n s o f  W a v e  P r e s s u r e s

Explosive used. Loading
Density.

Pressure in Tons
at  ends  of  closed

Vessel when loading
is

Percentage
Increase

in Pressure
due to
wave.Evenly

distri-
buted.

A t one
end only.

F ren c h B .F . . O-I 7 I I 57
F re n ch  B .F . 0-2 15-5 47-5 207
F re n ch B .S .P . . 0-2 13-0 2 9 7 128
P ou d re  S .  .  .  . 0-2 5 7 13-0 128
B la c k  P o w d e r  . 0-5 14-5 40-3 178
N itro -C o tto n  . O-I II-O 35-5 222

W h y a n  O b s t r u c t i o n  B u r s t s a  B a r r e l . Vieille's
researches provide a key to the problem of obstructional
bursts, for when a projectile travelling up the bore meets
a stationary obstruction its velocity is suddenly checked
and it then proceeds to move onwards pushing the
obstruction with it. But the velocity of the projectile
and obstruction together after the impact must be less
than the velocity of the projectile alone immediately
before the impact, and consequently the check in the
velocity of the projectile has the effect of turning its base
momentarily into the sealed end of a closed vessel, when
the expanding gases will overtake it and set up a wave
pressure. And this wave pressure, which is extremely
local in its action, can be sufficient to bulge or burst a
barrel.

This explanation of the actual reason why an obstruc-
tion in the bore should cause a high local pressure may be
better understood if we take a concrete example.

Let us assume that a shot charge meets an obstruction
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of equal weight at a point in the bore when its velocity
is 1,000 f.s.

Immediately before the impact the powder gases near
the  shot  charge  will  be  moving  at  the  same  velocity  as
the shot, that is 1,000 f.s .; but the velocity of the gases
wiU be less and less as the distance from the shot charge
increases, and wiU be zero in the extreme end of the
cartridge-case. For the sake of convenience all these
gases can be divided into two parts : those which have a
velocity over 500 f.s. and those which have a velocity less
than this figure. The division between these two parts
will be approximately half-way between the base of the
wads and the extreme end of the cartridge-case.

This situation is shown in Phase I in Fig. 33, which
shows diagrammatically the state of affairs immediately
before impact.

Phase II in Fig. 33 shows the actual moment of
impact. When this occurs the velocity of the shot
charge and wads is suddenly checked ; and then, by the
laws of dynamics, the shot charge, wads and obstruction
all begin to move forward together with a velocity of
500 f.s. ; that is half the previous velocity of the shot
charge and wads, since the obstruction is of equal weight
to the shot charge and wads put together.

Simultaneously with this check in the velocity of the
shot charge and wads all the expanding gases which are
moving at a higher velocity than 500 f.s. wiU begin to
overtake the shot charge, wads and obstruction and
rash forwards against the base of the wads.

The next phase occurs a fraction of time after the
impact  and  is  shown  as  Phase  III  in  Fig.  33.  AU  the
gases moving faster than 500 f.s. are rushing forwards
and compress the extreme forward layer of gas against
the base of the wads. The compression of this layer
of gas sets up a wave pressure which acts radially, or
outwards at right angles to the axis of the bore, in exactly
the same way that a wave pressure was set up at the
extreme end of Vieille’s closed vessel, and over a very
small length of the barrel.
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Because the shot charge is moving all the time, even
though with reduced velocity after the impact on the
obstruction, it is obvious that this wave pressure will
act ahead of the spot where the first meeting between
the shot charge and obstruction took place.

Since this wave pressure acts radially outwards the
wall of the barrel is submitted to a very severe pressure
aU round its circumference, and if the pressure is sufficient
to stress the barrel beyond the elastic limit of the steel a
permanent bulge all round the lore is the result. Such a
bulge is known as a “ Ring Bulge,” as it has the appear-
ance  of  a  ring  on  a  finger.

If the wave pressure is sufficiently severe to stress the
barrel beyond its maximum strength a rupture, or burst,
will result; but even so there will always be elongation,
which  will  take  the  form  of  a  ring  bulge,  in  that  side  of
the barrel where rupture does not actually occur because
the whole circumference of the barrel will have been
stressed beyond its elastic limit over that part where the
wave pressure acted.

Sometimes the barrel is completely severed in two
by the wave pressure, but when this happens the two
fractured ends of the barrel wiU always assume a funnel-
like appearance, as a rupture aU round the circumference
is really the final development of a ring bulge. In a
double-barrelled gun, however, each barrel provides
support for the other, and consequently it is more
usual for the actual burst to occur on the outward, or
unsupported, part of the barrel. But the supported part
of the barrel will show signs of the ring bulge, as will the
adjoining part of the other barrel.

So it will now be seen that when a projectile meets
an obstruction there is a sudden change in velocity,
and that this sudden change in velocity sets up a radial
wave pressure which bulges, and possibly ruptures, the
barrel at a point ahead of the original site of impact.

Mr . J o n e s ’s  C o n f i r m a t o r y  E x p e r i m e n t s . In 1903
the late Mr. F. W. Jones carried out a long series of
experiments to check the truth of this theory and his
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results and deductions were published in Arms and
Explosives for August and September, 1906. In the
course of these experiments Mr. Jones measured the
actual wave pressures caused by obstructions of different
weights and natures, placed at various positions in the
bore of  a  2^-inch 12-bore pressure  barrel  in  which pistons
were inserted at 9, 15, 21 and 27 inches from the breech.

Owing to the extreme local character of a wave
pressure it is by no means easy to catch it on any par-
ticular piston, and so a series of preliminary experiments
had to be carried out in order to ascertain how long the
wave pressure required to develop. A large number of
tests were made with an obstruction consisting of a coil of
wire  weighing  70  grains,  and  it  was  found  that  the  wave
pressure always occurred from f to i j inches nearer the
muzzle than the original position of the rear face of the
obstruction. These results were the same whatever
powder was used, but the shot charge in each case was
the then standard charge of ounces with the usual
wadding.

Having ascertained these details it was possible to
place the obstructions in the pressure barrel so that
readings  of  the  wave  pressure  were  obtained  on  the
respective pistons in turn.

Some typical results obtained by Mr. Jones are given
in the Table on the opposite page. The value given for the
wave pressure is in each case the mean of a series of shots.

The last result in this Table proves that the wave
pressure could not have been caused by the air imprisoned
between the projectile and the obstruction because no
air could have been compressed against the end of a
tube.^ And the two results given just before the last
show that neither the lead composing the projectile nor
the obstruction could have been in any way responsible
for the wave pressure, as these brass projectiles and
obstructions were recovered after firing as stated on
page 363 and found not to be materially altered in shape.

^ This same fact was also proved by bursting ordinary barrels
with obstructions made of coils of wire.
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The first four results show how the intensity of the
wave pressure is increased with the distance of the ob-
struction from the breech; while the fourth, fifth and
sixth results at 27 inches show how an increase in the
weight of the obstruction raises the wave pressure.

Now the farther the shot charge travels from the
breech the greater is its velocity at any moment, and

TABLE X X X II
W a v e  P r e s s u r e s d e v e l o p e d b y d i f f e r e n t  O b s t r u c t i o n s a t

VARIOUS P o i n t s i n a i 2-b o r e  B a r r e l

Obstruction. Distance of
Wave Wave

Projectile. Pressure Pressure
from in Tons.

Nature. Weight. Breech.

i j oz. shot and usual Shot and 539 grs. 9 inches 5-9
wadding wads

tj >> ft 15 6-4
it >* ,, 21 „ 7-8
it it ft 27 .. 8-3
}> f > 270 grs. 27 .. 7 -1

ii ft 135 .. 27 .. 3-4
}i Solid brass 5 3 9  .. 27 .. 9 -0

cylinder
Solid brass cylinder, ft 11 27 .. 8-6

weighing oz.
usual wadding

a Brass tube ft 27 .. 7-9

consequently any check to its movement caused by an
obstruction of fixed weight wiU produce a greater change
in velocity the farther this check occurs from the breech.^

Also at any given point in the barrel the change in
velocity will be greater as the weight of the obstruction,
which causes the check, is increased.^

It will, therefore, be realised that the first six results
in Table X X X II completely endorse Vieille’s researches,

^  If  V  is  the  velocity  of  the  projectile  at  the  moment  of  impact,
W the weight of the projectile and M that of the obstruction, then, by
the laws of dynamics, the velocity immediately after impact will be
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from  which  it  was  evident  that  the  wave  pressvire  is  due
to the movement of the powder gases relative to the
projectile. For the greater the change in the velocity of the
projectile the more excess velocity m il the powder gases
have, and consequently the more intense will he the wave
pressure.^

The reader may quite naturally wonder what happens
to the air imprisoned between the advancing shot charge
and an obstruction which seals the bore; so such a
situation deserves to be considered.

V  X
W

and the change in velocity will be V
W + M’ ..............  .......... •' w  + M;

If  W  and  M  are  constant  and  V  is  increased,  so  will  the  change  in
velocity be increased.

Similarly  if  V  is  constant  and  M  is  increased,  the  change  in  velocity
will also be increased.

^  Mr.  Jones  developed  a  rough  empirical  rule  for  estimating  the
force  of  the  wave  pressure  which  he  based  on  the  fact  that  the  wave
pressure  must  be  a  function  of  the  change  in  the  velocity  of  the
projectile due to its meeting an obstruction. This change will be

W  \
Vy  - f m )* ^ reduction in velocity is multiplied by

0-0I23 the product represents the approximate rise in pressure due
to the wave.

For instance, at 21 inches the velocity of the shot charge would
be  about  1,200  f.s.  When  M  =  W,  the  reduction  in  velocity  at  this
distance is 600 f.s. This figure multiplied b y o-oi23 gives 7-38 as
the  value  for  the  rise  in  pressure  due  to  the  wave,  to  which  must
be  added  the  normal  gas  pressure  at  21  inches,  namely  0-33  tons,
making  a  total  pressure  of  7 7 1  tons,  which  approximates  very  closely
to the value of y-S tons actually obtained by experiment and given
in Table X X X II.

The comparative accuracy of this rough empiric is shown further
by the following comparison of calculated and average observed wave
pressures.

Calculated

3-4 tons

5 7
6-8
7- 6
8 - 0

8-3

Average observed

3'4 tons
7-1
6 - 5
7- 0
7.9
8- 6
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The great majority of obstructions do not make an
air-tight fit in the bore ; but should one do so, the
imprisoned air is compressed until the pressure behind
the obstruction is sufficient to overcome both the inertia
of the obstruction and the resistance to movement offered
by the free air in front. When this degree of compression
has been attained the obstruction and shot charge will
be  moving  forward  together  with  a  common  velocity
which must be less than the maximum velocity attained
by the shot charge before the obstruction began to move.
So there must be a change in the velocity of the shot
charge, although this change will be more gradual than
when the air is free to pass by the obstruction. But it
certainly causes an intense wave pressure as was proved
by Mr. Jones’s experiments. However, the exact effect
on the wave pressure due to the change in velocity being
more gradual is unknown.

From the very nature of a wave pressure in a barrel
it follows that the length of barrel on which the intense
pressure acts is very small. Attempts at catching the
wave pressure on pistons in experiments indicate that
this length is about one-tenth of an inch. The intense
pressure acting radially outwards over this small length
of barrel produces a ring of indentation at the point where
this wave pressure existed. This is the ring bulge and
it must always be present in a barrel burst by a wave
pressure.

From this it will he clear that it is absolutely impossible
for  a  barrel  to  be  hurst  by an obstruction in  the  bore without
the barrel showing that this has occurred by the tell-tale
ring bulge.

S u b s e q u e n t  W a v e  P r e s s u r e s c a u s e d b y a n  O b -
s t r u c t i o n . Let us now turn to a consideration of what
happens after the wave pressure has been developed, that
is after the situation shown in Phase III in Fig. 33.

Two possible conditions may exist: either the wave
pressure was sufficiently violent to burst the barrel, or
it was not.
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If the barrel is burst the gas escapes and the pressure
is immediately relieved, while the shot charge and
obstruction continue to move up the bore under the
influence of the velocity they possessed at the moment of
the action of the wave pressure. Thus the shot charge
and obstruction will leave the muzzle of the burst barrel.

If the wave pressure was not sufflcient to burst the
barrel the situation can become more complicated. The
shot charge and obstruction will continue to travel along
the bore under the influence of the expanding powder
gases, but the wave pressure will be reflected backwards
and will occur again at the extreme end of the cartridge-
case. It will then rush forward once more and may
overtake  the  shot  charge  before  it  has  left  the  muzzle,  in
which case it will act again immediately behind the wads.
It will now, however, be very much less intense because
the shot charge wiU have moved farther on and so the
gases will have less excess velocity than they had when the
first wave pressure was formed.

From  this  it  may  appear  that  no  less  than  three  ring
bulges may be produced by one obstruction. In practice,
however, this is hardly possible because it will be seen from
Table X X X that the pressure necessary to stress the
chamber only to the elastic limit is greater than one which
will burst the barrel at any point more than 8 inches
from  the  breech.  So  it  is  alm̂ ost  impossible  for  a  wave
pressure to lack the violence required to burst a barrel
half-way up and yet be sufficiently intense to bulge the
barrel at the breech.

However, it is possible for the third wave pressure
to be sufficiently violent to bulge the barrel some way
ahead of the site of the first wave pressure, in which
case one obstruction would be responsible for two ring
bulges. I had never seen such a case until December,
1946, when I examined a gun which had two ring bulges
in the right barrel, one about 3 inches from the breech
and the other, which was less pronounced, nearly 3 inches
farther up. In addition to these two ring bulges, the
action was smashed at the angle. The cause of this
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damage was a fairly heavy obstruction in the bore just
clear of the chamber—-almost certainly a bit of cleaning
material as the accident occurred at the first shot of the
day— which was struck by the shot charge when the
resulting wave pressure stressed the thick part of the
barrel beyond the elastic limit and produced the first ring
bulge. The shot charge and obstruction then continued
to travel up the bore while the wave pressure was reflected
back to the breech. Here it lacked the violence needed
to stress the thick breech end of the barrel beyond the
elastic limit, but the pressure at the angle of the action
was sufficiently intense to split the body of the action.
Some of the gas escaped, forcing the cartridge forwards
into the chamber of the left barrel, but the rehef was not
sufflcient to prevent the rest of the gas being reflected
back  up  the  bore  of  the  right  barrel,  when  it  caught  up
the advancing shot charge and obstruction and thus
produced a third wave pressure which stressed the barrel
beyond the elastic limit and so produced the second ring
bulge. Incidentally, this v/as the only burst or smashed
gun which I have seen in which the left cartridge had
not  been  fired  as  weU  as  the  right  when  the  damage
occurred in the right barrel. The explanation un-
doubtedly  is  that  the  gas  was  reflected  back  down  the
right barrel with such rapidity that the cartridge in the
left chamber was pushed forwards before the left lock
could  be  jarred  off  or  before  the  involuntary  puU  on  the
left trigger had had time to develop.*

Ob s t r u c t io n s v e r y n e a r t h e  Mu z z l e . The next
* W ave pressures recurring down the bore are a regular pheno-

menon  in  heavy  artillery,  especially  in  some  big  naval  guns.  In  these
guns  the  charge  is  about  6  feet  long,  and  consists  of  a  very  slow
burning variety of cordite so as to ensure well-sustained pressures
throughout the length of the bore. This charge ignites so compara-
tively  slowly  that  gas  is  generated  b y  the  rear  portion  before  proper
combustion  has  started  in  the  extreme  front.  The  effect  of  this  is
that  the  front  portion  of  the  charge  acts  as  an  obstruction  to  the
expanding gases generated in rear, and causes a wave pressure which
is reflected backwards and forwards during the passage of the shell
along the bore.
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point which deserves attention is the effect of obstructions
very near the muzzle. It has been shown that the wave
pressure needs a little time to develop and that, in
consequence, it always occurs at a point in the barrel from
about f to IJ inches in front of the position occupied by
the rear end of the obstruction before the impact.

From  this  it  will  be  realised  that  if  an  obstruction  is
situated so near the muzzle that its rear end is f of an
inch, or less, from the muzzle the wave pressure will not
have had time to develop before the shot charge has left
the muzzle. In this case the wave pressure will actually
occur just outside the muzzle, when it wiQ of course be
dissipated in the air without damaging the gun.

This fact is of extreme importance in determining the
limit of the position of choke in a barrel. For the
constriction of the choke checks the velocity of the shot
charge, as has been explained in Volume II, which means
that choke reaUy acts in exactly the same way as an
obstruction.

When the shot charge enters the cone of the choke it
has attained its maximum velocity, and so it will have
time to travel the greatest possible distance before it is
overtaken by the wave pressure. This distance is about
i j inches farther on than the position of the obstruction,
which is  in  this  case  the cone of  the  choke.  So it  will  be
seen  that  if  the  parallel  in  front  of  the  choke  is  longer
than about inches there is a risk of the shot charge being
caught  up  by  the  wave  pressure  before  it  has  left  the
muzzle, when a ring bulge wiU probably be produced very
close to the muzzle.

But if there is an abnormally deep recess just behind
the choke, or if the cone of the choke begins too abruptly,
the shot charge may be checked sufficiently by the rear
part of the cone to cause a wave pressure to develop ;
and in such a case the wave pressure may catch up the
shot charge before it has quite entered the parallel,
when  a  ring  bulge  wiU  be  formed  at  the  front  end  of  the
cone or the beginning of the parallel.

The  same  result  may  occur  if  the  felt  wad  is  very
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hard and incompressible, for it will then have difficulty
in entering the cone of the choke, when the rear end
of the cone will act as an obstruction. In a properly
designed choke the check in velocity is gradual as the
shot charge and wads travel up the cone, and only
becomes definite when the front end of the cone is reached,
which is too close to the muzzle for the wave pressure to
have time to develop.

When  a  ring  bulge  is  formed  near  the  muzzle  from
any of these causes the choke is said to be “ lifted.”
Various explanations are frequently offered, but the real
one is  that  it  is  the  effect  of  the  wave pressure  caused by
the  check  in  the  velocity  due  to  the  choke  ;  and  it  is
only when the choke is ill  designed, or the wadding is too
hard, or the velocity of the shot charge is abnormally
low, that the wave pressure can catch the shot charge up
before its exit from the muzzle.

Incidentally this fact provides conclusive evidence in
disproof  of  the  theory  that  the  ring  bulge  is  caused  by
the expansion of the lead of the shot charge. For were
this  the  case  a  ring  bulge  would  be  produced  in  the  cone
of  the  choke  in  every  gun,  and  by  every  shot.

T Y P E S  O F  OBSTR UCTIO N S

We can now pass to the problem of how obstructions
find their way into the bore of a gun. There are two
general  ways  in  which  this  happens:

(1) They can be inserted by some act of the shooter
independently of the cartridge.

(2) They can be left behind in the bore as the result of
a faulty cartridge.

All obstructions must come under one of these head-
ings,  so  let  us  take them in turn.

The following are typical of those which can be
inserted by the shooter.

Cl e a n in g  Ma t e r i a l . Bits of cleaning material,
usually tow or rag, are sometimes left in the bore at the
end  of  one  day's  shooting  and  not  noticed  at  the  begin-
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ning of the next. To the careful man such an accident
may appear almost impossible ; but in actual practice it
is a very fruitful cause of bursts, especially abroad when
the cleaning of the gun is delegated to some native
servant or orderly. One would think that the final act
of cleaning a gun would always be to look through the
barrels in order to see that the work was complete. But
in spite of what seems to be obvious, cleaning material is
frequently left in the bores of guns. Accordingly all
shooters should make it an immutable rule to look down
the barrels  before  starting off  on a  day’s  shooting.

Since a bit of cleaning material can be left at any
point in the bore a burst from this type of obstruction
can occur anywhere in the barrel. But if the material is
left in the chamber so that it touches the front end of the
loaded cartridge it will not act as an obstruction but
will cause an increase in chamber pressure, since the shot
charge must have acquired a certain amount of velocity
before a wave pressure can be developed. An obstruction
situated but an inch ahead of the chamber will allow
the shot charge sufficient time to acquire requisite velocity,
and the wave pressure produced can be enough to burst
the best barrel if the obstruction is heavy. For it must
be remembered that it is the magnitude of the change in
velocity that is the deciding factor in the intensity of the
wave pressure; and if the obstruction is sufficiently
heavy there can be a bigger change in velocity when the
shot charge is only moving at 500 f.s. than would be
caused by a very light obstruction when the shot charge
was  moving  at  1,200  f.s.

Any accident that may arise from cleaning material
left in the bore can be regarded only as the outcome of
gross and unpardonable carelessness.

Mu d o r  Sn o w . This is probably the most common
type of obstruction there is.

Mud, earth or snow can be picked up in the muzzle
of a gun by scraping it accidentally on the ground when
negotiating some fence. A bit of stick or twig will
sometimes get pushed into the muzzle when going through
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a hedge or thick undergrowth. And peat from the edge
of  a  grouse butt  can be picked up by brushing the side  of
the butt with the muzzle, or when leaving a gun standing
with its muzzle resting against the side of the butt.

Some sportsmen are of the opinion that there is only
danger when the mud, or similar type of obstruction,
completely seals the bore ; and that when the bore is
only partially sealed no harm will be done. This idea
is, of course, quite wrong; and the danger is identical
whether the bore is completely sealed by mud or only
partially obstructed. But since the wave pressure always
acts ahead of the original position of the obstruction,
any mud or snow which does not extend more than | of
an inch down the muzzle will not cause any damage
because the obstruction will have been carried out of the
muzzle  by  the  shot  charge  before  the  wave  pressure  can
develop. So in this respect an obstruction in the extreme
muzzle has a similar effect as regards the wave pressure as
has choke.

But if the mud reaches farther down the barrel, as it
generally does, the muzzle will be bulged or burst.

Obstructions of this type usually stick in the bore
from I to  6  inches  from  the  muzzle,  and  so  the  burst  or
bulge as a rule occurs in approximately the last 5 inches of
the barrel. But it is quite possible for the obstruction to
slip farther down, in which case the burst or bulge will be
farther down too.

Such bursts cannot be regarded as so much the result
of carelessness as of accident, and many shooters seem
quite unaware of the danger. The best precaution is to
take great care to avoid bringing the muzzle of the gun in
contact with the ground or an5d;hing else. And if such a
contact is even suspected one should always unload and
look down the barrels to make sure that all is clear.

Personally I always carry a pull-through in my
pocket  when out  shooting so  as  to  be  able  to  remove any
obstruction that might find its way in by accident. I
have only once had to use it, but the very fact that it has
been used proves the value of its presence.

N
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T h e  Ac c id e n t a l  In s e r t io n in t h e  Ch a mbe r o f a
Ca r t r id g e o f  Sma l l e r  Ga u g e . I have already dealt
with this possibility at considerable length in the last
chapter, and so wiU not repeat myself here beyond
stating that the danger of an obstructional burst only
arises when there is a space between the rear end of the
front cartridge and the front end of the second cartridge.
If this space is only an inch the shot charge will have
sufficient time to acquire ample velocity to produce an
obstructional burst through a wave pressure being
developed by the change in that velocity. For although
the  velocity  of  the  shot  charge  may  not  be  very  high  so
near the breech it must not be forgotten that the obstruc-
tion is very heavy, and thus the cha n ge  in the velocity
of the shot charge wiU be considerable.

Usually  a  20-bore  cartridge  will  stick  quite  J  an  inch
in front of the loaded 12-bore cartridge in a 12-bore gun,
and a 28-bore cartridge wfil stick a similar distance ahead
of a 16-bore cartridge in a 16-bore gun, while a 28-bore
cartridge tends to stick less than J of an inch in front of
a loaded 20-bore cartridge in a 20-bore gun. But, as I
have stated in the last chapter, I do not think a 16-bore
cartridge is very likely to cause an obstructiona l burst in
a 12-bore gun as it would generally stick with its base
resting on the end of the loaded 12-bore cartridge, when
a p re ssu re  burst would probably be the result.

The further forward the smaller cartridge sticks the
more violent wiU be the wave pressure.

A burst of this type can only be caused by the
accidental intermingling of 20-bore and 12-bore cartridges,
or of 28-bore and 16-bore cartridges. So the best pre-
caution is to avoid any possible risk from this cause
by keeping these respective sizes of cartridges quite
separate.

But even if a shooter is sufficiently unfortunate as to
load a 20-bore cartridge in a 12-bore gun he will receive
warning that something out of the ordinary has occurred
by getting an apparent miss-fire. S o  it  sh o u ld  he  a n
in va riab le  ru le  alw ays  to  look  dow n  the  barrels  on  the  su s-
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p ic io n o f  a  m iss-fire,  espe cia lly  i f  the  cham b er  app ears
em p ty w h en the g u n is  op ened.

From the very nature of the obstruction the burst must
always occur a little distance in front of the chamber cone.

It is just possible that the impact of the over-shot wad
of the 12-bore cartridge against the cap of the 20-bore
cartridge might fire the latter, and in the case of crimp
cartridges, where there is no over-shot wad, the chances
of the 20-bore cartridges being fired are increased. The
pressure developed by the 20-bore cartridge in the 12-bore
barrel would be less than normal but its effect would be
to  act  as  an  extra  check  to  the  velocity  of  the  12-bore
charge, when the change in that velocity would be greater.
This would mean a more violent wave pressure. Thus
it  will  be  realised  that  the  only  effect  of  such  a  double
discharge would be to intensify the wave pressure
produced, and that the resulting burst would be caused
by the wave pressure whether the 20-bore cartridge were
fired or not. In fact the firing of the 20-bore cartridge
would make no difference to the result.

We now come to the second general class of obstruc-
tions, namely those which can be left behind in the bore
as the result of a faulty cartridge.

It  occasionally  happens  that  a  weak  cap  may  fail  to
ignite the powder charge properly, especially if the powder
is of a gelatinised t3rpe and the weather is very cold, as
was explained in Volume II. In such circumstances
combustion is not complete, or may not even occur at all,
when there wiU be insufficient gas pressure to propel the
shot charge and wads out of the muzzle, although there
may be enough to push them some distance up the bore.
On the gun being opened the empty cartridge-case is
ejected and if another round is then loaded and fired
an obstructional burst is practically inevitable. And
because the weight of the obstruction will be identical
with that of the projectile, as both consist of a shot charge
and wads, the change in velocity wifi, be great, which
means a very intense wave pressure.

Nowadays, when both caps and powders are so
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efficient, an accident from this cause is happily rare.
But if the caps and powder are not properly matched
it  is  quite  possible  for  faulty  ignition  to  occur;  and  so
the importance of obtaining cartridges in which the caps
really do suit the powder will be appreciated.

With hand loaded cartridges a single powder charge
is sometimes omitted altogether by an oversight, and then
the only propelling force would be due to the explosion
of the cap, which would probably leave the shot charge
and wads lodged a  little  distance up the bore.  But  with
machine loaded cartridges such accidental omissions of
individual charges are almost impossible, and so it is
clear that the best safeguard for this type of accident is
to purchase cartridges of known rehability.

Faulty ignition may also be due to a very abnormally
weak striker blow. Some years ago I came across a case
of this nature, and investigation showed that the right
lock was so rusty that it was hardly possible for the
tumbler to fall. This was in a best grade gun, too, and
it only emphasises the extreme importance of examining
the locks periodically.

When a shot charge is left in the bore it is possible
for the shot itself to fall out when the barrels are dropped
for re-loading, leaving the felt wadding behind. In this
case the weight of the obstruction would be compara-
tively light, and so the wave pressure would not be nearly
so severe as that caused by the whole shot charge. In
fact I have known an instance of a felt wad being stuck in
the bore a little distance ahead of the chamber cone
which did not cause even a ring bulge when a round was
fired. The shooter knew the wad was there and did not
intend to fire another shot through that barrel; but on
his way home he forgot and took a sudden chance. No
harm was done simply because the change in velocity
produced by the light obstruction close to the breech was
insufficient to develop a wave pressure violent enough to
stress the rather thick waU of the barrel to its elastic
limit. So no permanent elongation was produced in the
form of a ring bulge.
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In all cases of faulty ignition the shooter receives
definite warning, and if he heeds this he will avoid an
accident. If the entire shot charge and wads are left
in the bore there will be no report, as this is caused by the
powder gases escaping from the muzzle at high tension ;
and  if  the  shot  charge  does  not  leave  the  muzzle  the
powder gases behind it cannot do so either.

Then when the empty case is ejected, or extracted,
a very abnormal g,mount of smoke will be seen emerging
from the open breech. If there was no powder charge in
the cartridge there would be no smoke ; but then there
would not have been any report either, and this in itself
should arouse suspicion that aU was not well.

So the shooter should make another rule, namely
always  to  look  down  the  bore  if  there  is  anything  in  the
least abnormal with the sound of the report, or if an
abnormal  amount  of  smoke  issues  from  the  breech  after
unloading, or the recoil is abnormally low.

Then should a " cut off ” (see Volume II) occur, the
paper tube of the case may sometimes be blown some
way up the bore when it wiU make a most dangerous
obstruction. Usually, however, the paper tube will
remain in the chamber in which case it will not be found
possible to reload that barrel. But in any event the
shooter, or loader, would probably notice the fact that
a whole cartridge-case had not been ejected, only the
brass  head  ;  and  he  should  then  look  down  the  bore  at
once to see where the paper tube is stuck. With a non-
ejector gun a cut-off could not occur without being noticed.

But "there is one type of obstruction which can be
left behind in the bore after the discharge of a cartridge
which gives no warning, and against which no precaution
can  be  taken.  It  is,  therefore,  in  some  ways  the  most
dangerous obstruction of a ll ; but happily it is so rare that
the possibility is scarcely worth consideration.

This obstruction is the over-powder card wad. If
this wad is inserted into the cartridge-case slanting by
the loader or loading machine it may happen that it is
turned edgeways, and during combustion is not expelled
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from the bore with the other wads and the shot charge.
And even if this does occur the thin card wad is so light
that it will not always cause a sufficient change in the
velocity of the shot charge to develop a wave pressure
violent enough to burst, or even bulge the barrel. It
must, however, be realised that it is quite possible for  a
thin card to burst a barrel, especially if the barrel is
worn and thin. Bursts have undoubtedly been produced
in this way, and consequently if anyone is so extremely
unfortunate aS to experience such an accident, he should
not throw scorn on his gunmaker when such an explana-
tion is offered.

There have also been cases of a cap anvil being blown
some way up the bore and becoming a very light obstruc-
tion. But as a rule the shot charge seems to ride over the
anvil which then causes a “ pimple ” in the barrel. A
" pimple ” is the exact opposite of a dent, and gun-
makers were not infrequently asked to reduce the pimples
caused in barrels by anvils. But with tubular anvils such
an accident is far less likely to occur.

SOME E X A M P LE S OF OB ST R U CT ION A L B U R STS

I will now give particulars of a few examples of t5q>ical
obstructional bursts, all of which are illustrated in the
various Plates. For by a study of these examples the
student will be enabled to form a good general idea of the
main characteristics of this class of accident.

The first thing to remember is that a ring bulge is an
essential accompaniment of any obstructional burst. If
a ring bulge is present the burst must have been caused
by an obstruction of some sort: absence of a ring bulge
is conclusive evidence that there could not have been any
obstruction present, and so another explanation for the
accident must be sought.

I have already explained that a ring bulge is a short
bulge aU round the circumference of the barrel which
gives a similar appearance to a ring on a finger, or a snake
which has swallowed an egg. Sometimes the wall of a



PLATE XIX

(A), (B) and (C) Examples of Lamination in fractured surfaces of gun barrels.
(D) “ False ” lamination in a fractured smface.
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barrel is of uneven thickness in different parts of its
circumference. In such circumstances the thicker part
of the wall naturally has more strength to resist the
radial pressure and so does not suffer the same degree of
permanent elongation as the thinner part, which means
that the bulge will be more pronounced in that part of the
circumference where the barrel is thin and less so where
the barrel is thick. This is no very rare occurrence and
does  not  mean,  as  I  have  known  suggested,  that  the
internal pressure was uneven but merely that the barrel
lacked symmetry in strength. In fact if the wave
pressure is very slight and the wall of the barrel abnorm-
ally thin in one part it is possible for that thin part only
to suffer permanent elongation, and be bulged, while the
rest  of  the  circumference  of  the  barrel  shows  no  bulge.
But even in such an extreme case the thin portion of the
wall would show the narrow circumferential swelling
which is typical of a ring bulge, and of a ring bulge alone,
and no experienced investigator would be misled by such
a phenomenon. The best way to detect a faint ring bulge
is to look along the foreshortened barrel in exactly the
same way as was suggested for detecting dents on page 276.
A pronounced ring bulge is obvious once one knows what
to look for ; but in case the reader cannot visualise one
exactly, a photograph of a ring bulge in a single tube is
shown  in  Plate  IV (a ).

Plate IV (b ) shows  a  ring  bulge  at  the  muzzle  of  a
double-barrelled gun which was produced by some mud
being  picked  up  in  the  bore.  An  important  point  to
notice  in  this  photograph is  the  manner in  which the rib
is bent at the site of the bulge. This invariably happens
as the rib is softer than the barrel, and personally I always
look along the rib foreshortened first of aU when I am
examining a burst barrel for signs of a ring bulge.

Two excellent and quite typical examples of obstruc-
tional bursts are shown in Plate V.

The one in Plate V (a ) occurred, as may be seen, about
8 inches from the muzzle, and was almost certainly caused
by some mud picked up in the barrel which slipped farther
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down when the gun was raised for firing. Evidence of a
ring bulge is quite clear. The top rib, which was farthest
from the camera, is bent at the site of the burst; and
the bottom rib (nearest the camera) is bent downwards
and actually fractured at the same place. The severed
portions of the barrel protrude outwards all round its
circumference and have assumed a funnel-shaped appear-
ance ; while the fractured strip of barrel at the point of
rupture is plainly bent down and then up. The left
barrel has also been affected by the wave pressure, and
has been bent at the site of the burst, as may be seen from
its divergence from the straight edge of the ruler.

The  burst  shown  in  Plate  V (b ) occurred about i 8
inches from the breech and was caused by the shot charge
and  wads  being  left  in  the  bore  owing  to  faulty  ignition.
Here again evidence of the ring bulge is quite clear. The
top rib (nearest the camera) is bent at the site of the burst,
and the fractured ends of the barrel are splayed outwards
all round the circumference and have assumed a funnel-
shaped appearance similar to that seen in Plate V (a ).
Incidentally the general similarity of these two bursts is
very marked.

An obstructional burst at a point about 5 inches from
the breech is shown in Plate VI. This was the result of
the accidental insertion of a 28-bore cartridge in front
of a 16-bore cartridge in a 16-bore gun. Once more the
ring  bulge  is  very  clear.  The  upper  photograph (a )
shows how the top rib is bent at the site of the burst, and
the lower photograph (b ) shows the severed portion of
the barrel which has assumed a concave shape at the site
of the burst.

Plate VII (b ) is an example of a double obstructional
burst, that is a burst in each barrel. The cause in this
case was undoubtedly cleaning material left in each barrel
by an Indian orderly. The gun burst at the first shot of
the day from the right barrel. This jarred the left barrel
off too, which also burst. It would seem to be a fact that
when a burst occurs in the right barrel the left barrel
is usually discharged also, I do not suggest that this is
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an inevitable consequence of the right barrel bursting,
but with only two exceptions whenever a burst in the
right barrel has come under my notice enquiry has
elicited the fact that the left barrel was also discharged. ̂
This  may  be  due  to  the  extra  jar  given  to  the  gun  by
the burst; or it may be that the* shooter unconsciously
presses the left trigger immediately the burst occurs in
the right barrel. It would be easy to understand that
any shooter would be so disconcerted by a burst occurring
that he might easily make some involuntary movement
or contraction of his trigger hand which might account
for the left trigger being pressed.

The two ring bulges in this double burst are not quite
so much in evidence as in the previous examples, since
the right barrel was completely severed in two, and the
left nearly so. But the fractured ends of both barrels
show a distinct circumferential splay outwards with a
tendency to assume the funnel-like appearance to which
attention was called in the cases of the bursts shown in
Plate V. And the narrow strip remaining of the left
barrel is bent outwards at the site of the burst. Further,
the rib also shows unmistakable signs of two ring bulges
at the point i for the right barrel, and at 2 for the left.
In fact, the rib is again a most excellent witness.

These  examples  which  I  have  given  could  be  multi-
plied almost indefinitely, as there is a most pronounced
and unmistakable similarity between aU obstructional
bursts. But I think I have indicated a sufficient number
of ring bulges to show how unmistakable such a bulge can
be,  and  how  comparatively  easy  it  is  to  detect.

^ In December, 1947, I reported on a smashed gun in which the
action was broken right through at the angle and the stock shattered
by a very excessive pressure. The barrels of this gun, which was of
medium quality, were quite undamaged. The actual break was
caused by a cartridge in the right barrel, and in spite of the terrific
jar which the action must have sustained, the cartridge in the left
barrel was not discharged but was forced forwards into the chamber
by the escaping gases just as in the accident described on page 375.
This provided the second exception within my own experience.

N *
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MORE ABOUT BURSTS

A t  the beginning of Chapter X VI it was explained
that all biu-sts could be divided into three
classes. The first two of these classes have now

been dealt with, and so there only remains the third
class, that is bursts which are due to some abnormal
weakness of the metal of the barrels or action. Such
weakness can be the result of one or more of the following
causes:

(i) Wear and tear.
(2) Faulty workmanship or design.
(3) The use of inferior metal.
(4) Flaws in the metal.
And since each of these causes is a question of extreme

importance  I  propose  to  take  them  in  turn  before  we
return to the subject of actual bursts.

We a r a n d  Te a r . Provided it is not accompanied
by neglect, I do not believe that ordinary fair wear and
tear can ever reduce the strength of a barrel sufficiently
to cause a burst. The deciding factor is corrosion, and
this is the outcome of neglect. A barrel can become so
pitted by rust that the thickness of the walls is reduced to
a dangerous extent, and if this pitting is concentrated
along a line, or over some comparatively small area, the
resulting weakness to the barrel may easily prove fatal.

Then pitting in a barrel can be taken out, but this
entails the enlargement of the bore until all the corroded
parts of the wall have been removed. Were this opera-
tion carried out near the breech the gun should be re-
proved as the enlargement of the bore might easily be
sufficient to transfer the barrel to the next size larger in
gauge.  But  if  the  enlargement  is  only  carried out  in  the
forward part of the barrel this question does not arise.

Then in the course of time the constant friction
388
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between  the  bore  and  the  shot  charge  and  wads  which  is
produced at every shot, as well as that of cleaning, can
help to reduce the thickness of the barrel. But the
effect of this fair wear and tear is so comparatively
slight that I cannot imagine it producing any tangible
result, even in the course of a lifetime. However, when
it is combined with such enlargements as the removal
of  pitting  and  the  polishing  of  the  inside  of  the  bore
during  periodical  overhauls,  the  net  result  is  that  the
walls of the barrel can eventually become so thin that
they win finally give way. But even so, such a con-
dition could only be brought about in a very old gun.

The  most  dangerous  place  of  all  for  corrosion  to
become established is under the rib, as rusting can then
go  on  unchecked  for  a  long  time.  I  have  seen  a  gun  in
which the right barrel was so badly corroded under the
rib that the wall was eaten nearly completely through by
rust. This gun had otherwise been well looked after,
and the owner had no suspicion that any rust had formed.
Yet the process of rusting must have been going on for a
considerable time, and the barrel eventually burst at the
weak spot.

Incidentally this case presents yet another argument
in favour of sending guns up to the maker, or some
competent gunsmith, for periodical overhauls.

Fa u l t y  Wo r k ma n s h ip o r  De s i g n . Faulty work-
manship can arise from carelessness or ignorance. Care-
lessness in manufacture will never occur in a high-grade
gun by a good maker, and the chances of ignorance are
comparatively slender. But in the manufacture of some
very cheap guns, in which every possible penny is saved
in the cost of production, both carelessness and ignorance
are much more common. This applies especially to
actions, which are frequently made much too light in
sectional design across the bar (see Volume I, Chapters II
and IV), while the angle between the face and the bar is
sometimes left very sharp instead of being rounded, and
the “ table ” is sometimes cut away carelessly so as to
reduce its thickness to an unnecessary extent.
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In the early days of breech-loaders there were frequent
conversions of muzzle-loading guns to breech-loading,
and  a  very  common  cause  of  accidents  was  too  great
encroachment on the thickness of the walls of the
chamber in boring the holes for the extractor legs. There
was not the metal to spare in many muzzle-loaders to
allow these holes to be made without impairing the
strength of the barrels, while if a hole was in the least bit
out of the true the weakness produced was accentuated.

At the present time it is probable that all converted
muzzle-loaders which are still in use, and which are likely
to burst, have already done so. But this origin of bursts
can stUl exist in some very cheap modern guns as I have
reported on a burst caused in this way in a very cheap
American gun.

Accidents produced by any such cause can only be
attributed to carelessness. Ignorance, however, can be
just as dangerous, if not more so, and the ignorance that
prevails on the subject of brazing is quite astonishing.

The risks attending the operation of brazing were
mentioned in Volume I, the chief of which is the possi-
bility of overheating the barrels. When this is done the
physical nature of the steel is entirely changed, the fine
grain structure being destroyed (see Volume I, pages 29
and 30). The metal is then quite soft and the elastic
limit and maximum strength are very low.

The whole process of brazing is full of pitfalls, and it
is extremely doubtful whether the workmen employed
on the brazing of many cheap guns appreciate these
possible pitfalls in the very least. They work by a sort
of rule of thumb and I never cease to marvel that
accidents arising from faulty brazing are not compara-
tively common, whereas in actual fact they are ex-
tremely rare.

In about 1943 a new type of brazing " solder ” was
introduced called '* Easy flow,” which makes an even
stronger union than the ordinary spelter and which can
be worked at a much lower temperature. I know some
gunmakers who use it with the greatest success. The
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careful use of “ Easyflow ” should eliminate entirely all
risk of overheating since it runs at a temperature of
650° C., which is well below the critical temperature of
steel.

But barrels are not the only part of a gun which can
be weakened by overheating. The action itself can be
rendered quite unsafe in the same way, although in its
case no question of brazing can arise. It was explained
in Volume I that the action body is stamped out of forged
steel. In order to do this the steel bar must be heated,
and the higher its temperature the more easily the
stamping can be made. So it will be appreciated that the
cost of the work can be reduced a trifle if the steel is
overheated and rendered very soft, and that sometimes
this temptation becomes too great.

T h e  Us e o f  In f e r i o r  Me t a l . Good steel has a
higher elastic limit and maximum strength than poor-
quality steel: but it costs more, and so inferior steel is
often used in the action bodies and barrels of cheap guns.
This means that they are not so strong, and consequently
lack that reserve strength possessed by the highest grade
steel which can be so useful in any abnormal occurrence.
The actual price of the action bodies and tubes in the
rough may not be so very much less than that charged for
those made of better material; but the makers of many
of these very cheap guns frequently try to save every
penny wherever they can.

F l a w s i n t h e  Me t a l . The  way  in  which  flaws
can occur in the forgings from which barrels are ultimately
made has been described with sufficient detail in Volume I
(page 23). In the higher grades of steel the whole of the
top of the ingot, which contains the greater proportion of
the impurities or " slag ” is cut off and thrown aw ay;
but in the cheaper forgings this is too wasteful, and so
there is considerable risk of some of the impure part of
the ingot being included in the billets from which the
tubes are drawn.

When steel is drawn it has a pronounced grain which
is really comparable to the grain of the trunk of a tree.
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Any local impurities, such as particles of ” slag,” are
then drawn out in this grain, thus forming a longitudinal
" seam ” in the tube, the length of this “ seam ” naturally
depending on the original size of the particle of “ slag,”
A flaw of this nature is usually termed an “ inclusion of
slag.”

Sometimes, however, a small bubble of air or gas may
be formed in the cooling ingot, and if this occurs in the
billet it will be drawn out longitudinally with the grain,
when there will not be complete cohesion between the
particles of steel where it exists. This kind of flaw is
frequently called an “ inclusion of gas.”

Flaws caused by inclusions, either of slag or gas, can
vary from being very deep and pronounced to being so
slight as to be invisible. Obviously the better the quality
of the forging the less chance of a flaw, so the risk of
flaws  must  be  much  greater  in  barrels  made  from  very
cheap tubes. Nevertheless it must be realised that there
is always just a possibility of a flaw being present in the
very best quality tube, for no matter how great the care
exercised in manufacture it is impossible to make abso-
lutely certain that any casting is entirely free from an
inclusion of some sort. By submitting the coohng ingot
to pressure (see Volume I, page 24) the chances of an
inclusion are rendered so slight that they can be regarded
as negligible for all practical purposes ; but the remote
possibility of its existence must always be recognised.

This very brief description of the formation of flaws
should be sufficient to impress upon shooters the extreme
importance of having the barrels of their guns made from
tubes which are above suspicion. Unfortunately a con-
siderable section of the gun trade seem to fail to appreciate
this importance, and cheap continental tubes are used
for barrels to a great extent. When a sportsman buys a
gun  by  some  British  gunmaker  he  is  probably  quite
unaware  that  the  tubes  from  which  the  barrels  are  made
are possibly the cheap production of some continental
factory, and this is naturally a point on which the vendor
of the gun remains silent.
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The really best makers never use anything but high-

grade  British  tubes  for  their  barrels,  and  this  is  one  of
the many differences between their guns and those made
by makers whose standing is not so high.

I do not wish to suggest that no foreign tubes are as
good as British. In fact I feel sure that some of the
best makes of continental tubes would probably be hard
to beat. But such tubes would be just as costly as
British; and the gunmaker who uses foreign tubes is
actuated wholly by motives of cost. And I certainly
think that sportsmen should realise this fact, and make a
point of enquiring into the origin of the tubes whenever
they buy new guns.

Flaws caused by inclusions are not nearly so likely to
occur in actions, because actions are not drawn to the
same extent as barrels ; so the flaws would be much more
local, and would almost certainly be detected during the
work of cutting out the action body.

Flaws, however, can be caused in other ways. For
instance, there is always the danger of producing cracks
in steel articles during brazing or soldering. If the part
to  be  brazed is  of  irregular  shape it  will  not  expand with
perfect regularity, and so be subjected to some localised
surface stress when being heated in contact with the
brazing fluid or soldering alloy. The contours of the
breech ends of ordinary barrels are sufficiently regular
to obviate the setting up of any localised stress ; but in
the case of over and under guns the breech ends of the
barrels are sometimes very irregular in form and shape,
and there is a possibility that this irregularity of form
may introduce stresses due to a consequent irregularity
of heating, which is not ordinarily met with in the
usual type of gun with horizontal barrels. So this is a
matter which gunmakers who build over and under guns
should consider very carefully.

Again, flaws can be started in a sound barrel or action,
especially if the physical nature of the steel is not quite
perfect, by some abnormal stress generated by an ex-
cessive pressure. It is thus possible for a gun to be
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weakened  to  a  dangerous  extent  by  some  particularly
violent cartridges without any visible sign becoming
evident at the time.

It is also possible for numbers which are impressed
on a barrel starting a flaw, especially if they are in a
straight line. And there is also one recorded instance
of the impressing of a Proof Mark starting a flaw.

But these possibilities are remote and they can
hardly be said to enter the field of practical politics.
The danger of flaws being produced by violent cartridges
is, however, real; as sportsmen usually seem to be so
callous that they prefer to use up a box of cartridges
which are obviously abnormally violent rather than
discard them all after experiencing one or, at the most,
two exceptional rounds. And it is the repetition of
the abnormal stress which is more likely to start a flaw
than a single isolated round.

SOME  EX A M P LE S  OF  BU RSTS  CA U SE D  B Y  A BN O R M A L

W EA K NE SS O F T H E M ETAL

Before going any further in our study of the problems
which arise in connection with abnormal weaknesses in
the metal of barrels and actions, it may be of advantage
if I give some examples of actual bursts which have been
caused solely by such weaknesses, as these examples
.should help us in our consideration of how these weak-
nesses can result in accidents.

The first of these examples is shown in Plate IX (a ).
This burst was really the result of what can only be
regarded as faulty workmanship in a cheap gun. During
the process of “ striking up ” the rib, that is fitting it to
the barrels, a longitudinal cut was made in the barrel
along the line of junction between the edge of the rib and
the right barrel. This cut weakened the barrel, and a
fracture ultimately occurred along this line.

The next two examples are given in Plate IX (b ) and
(c), and are so similar as to be almost identical.  In both
cases the gun was very old and the walls of the barrels
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had become so worn that they were scarcely thicker
than tissue-paper. The result was that they could not
withstand indefinitely the stress imposed by firing, and
they ultimately gave way.

It should be particularly noticed that in none of the
three bursts in Plate IX is there any sign of a ring bulge.
The ribs are all perfectly straight. Nor is there any
opening out of the ends of the severed portions of the
barrel in the form of a funnel such as can be seen in the
photographs given in Plates V and VII (b ).

By a rather remarkable coincidence all these three
bursts  occurred  in  different  parts  of  the  country  but
within  a  few  days  of  each  other;  and  all  three  pairs  of
damaged barrels were on my table at the same time.

I once examined a burst almost identical to those
shown  in  Plate  IX (b ) and  (c),  being  due  to  the  wall  of
the barrel having been reduced in thickness by excessive
boring out with a view to reducing traces of a bad dent,
which raised yet another question. It was caused by
the first shot of the day, and that part of the bore in front
of the burst was clean, while the part behind the burst
was fouled in the normal manner. This gave rise to an
impression that the shot charge must have left the barrel
by the hole caused by the burst instead of by the muzzle.

Such a thing could not possibly happen, because the
burst could not have occurred until the wall of the barrel
was stressed by the gas pressure ; and the gas pressure
could not have acted until after the shot charge had passed
the seat of rupture, since the shot charge must always
be  in  front  of  the  expanding  gases.

The explanation for that part of the bore which was in
front of the burst being clean is as follows :

The fouling is the residue deposited by the powder
gases, and when the barrel burst aU the gases took the
easiest method of escape and left by the hole made by
the burst instead of overcoming air resistance in propel-
ling the shot charge forwards and escaping by the muzzle.
Consequently no residue was deposited in front of the
burst.
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The shot charge, however, would continue to travel
along the bore with the velocity already acquired, and
the felt wad would clean any traces of fouling left by the
shot, thus giving that part of the bore ahead of the burst
an appearance of being quite clean.

The next two examples are both due to flaws and
are shown in Plates X and XI. In the one shown in
Plate X (a ) the flaw was due to an inclusion of “ slag ”
in the original ingot, and when the ingot was drawn a
longitudinal " seam ” was produced in the metal. The
" seam ” begins at the point marked i, and runs in a
straight line to the point 5. The actual burst occurred
along this seam. An examination of the fractured edges
of the barrel between the points marked i and 2 will show
that the metal of the barrel seems to consist of two layers
of varying thickness, the outer layer being dark. This
discoloration is due to the presence of the slag, which
produced a fissure penetrating in places to half the thick-
ness of the wall.

After the accident cross-sections were made of the
barrel at 3, 4 and 5, and the fissure could be clearly
seen under the microscope at these points. At the point
3  it  was  stiU  very  deep  ;  but  the  farther  it  ran  from  the
breech the shallower it became. The photo-micrographs
of this fissure taken at these points are shown in Plates XII
and XIII. That in XII (a ) is only magnified to 100
diameters,  as  if  a  higher  power  had  been  used  it  would
not  have  been  possible  to  include  the  whole  depth  of  the
fissure  in  the  field  of  view  of  the  microscope.  It  will  be
noticed that  the  outer  half  of  the  fissure  is  very  fine,  and
that it widens in the lower half. A photograph of this
lower half only, magnified to 250 diameters, is shown in
Plate XII (b ).

At the point 4 the fissure had become less deep, and
the  whole  of  it  could  be  included  in  the  field  of  view  of
the microscope when magnified to 250 diameters. A
photograph taken with this power is shown in Plate
XIII (A ) .

At the point 5 the fissure had become considerably
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more shallow, but rather wider, and a photograph of it
here taken at a magnification of 250 diameters is given in
Plate X III (b ).

These photo-micrographs are conclusive proof of the
existence of this flaw, and the metaUurgic examination
revealed the cause as inclusion of slag. Although the flaw
is so clearly visible between the points 3 and 5 it is almost
certain that this is because it was opened a certain amount
beyond the actual burst when the accident occurred. It
is extremely doubtful whether it could possibly have been
detected by visual examination before the accident.

But in this particular gun there was another con-
tributory cause to the burst, namely the poor physical
nature of the steel of the barrels near the breech end.
This was the result of overheating during brazing; and
at the breech end the fine grain structure of the steel had
been completely destroyed, leaving the steel in its softest
and most dangerous coarse grained condition.

This was indicated in the first place by the coarse
granular structure of the fractured edges of the metal.
When steel of a proper physical condition is ruptured,
the fractured surfaces should appear fine and fibrous.
If it is coarse and granular there is a strong reason to
suspect overheating. A metaUurgic examination con-
firmed the suspicion aroused by the condition of the
fracture, but showed that at a distance of about 10 inches
from the breech the steel was only partiaUy affected by
the incorrect heat treatment, and the structure was in
an intermediate stage between the most coarse grained
condition prevalent at the breech and the correct fine
grained condition which existed at the muzzle where
the heat had not reached.

Photo-micrographs showing the structure of the steel
of this barrel at the breech, 10 inches from the breech,
and near the muzzle were given in Plates III (b ) and IV (a )
and (b ) of Volume I.

Another very similar example of a burst caused by a
flaw  is  shown  in  Plate  X (b ). In this case the flaw was
possibly  due  to  a  smaU  air  bubble  in  the  original  casting
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which produced a short seam when the ingot was drawn.
But I believe that the true explanation was that the
number on the barrel was impressed with too great force
and thus set up a local stress in the metal along the line
of the number. An examination of the photograph will
show that the fracture occurred exactly along the line
of  the  bottom  of  the  figures  comprising  the  number,
which had certainly been impressed deeply. This flaw
extended from the points i to 2 in an absolutely straight
longitudinal line, and the burst occurred along this
line.

During the investigation it was suggested that the
burst might have been due to excessive pressure developed
in the chamber. But such an explanation was impossible.
The burst actually began at the point i, which was 4
inches away from the breech, and extended to the point 2,
a distance of inches from the breech. On measuring
the thickness of the barrel at these points and substituting
these values in the Gunmakers’ Formula it was seen that
pressures of 12 and 7 tons would be required respectively
to burst this barrel, if it had been sound, at distances of
4 and inches from the breech. Such pressures would
mean corresponding i-inch pressures of 13*5 and 15*5 tons.
These pressures were absolutely impossible. Not only
did the fired case of the cartridge which caused the burst
show no indications of any lively pressure, but the rest
of the cartridges taken from the same box all gave
normal results. And most important of aU, the barrels
were absolutely tight on the face of the action although
there was no top extension. The action could not possibly
have withstood a pressure even approaching I3'5 tons
without cracking, and it was as good as ever.

The existence of the flaw was indicated by the abso-
lutely straight fracture in the line of the “ grain ” of the
barrel, and the extraordinary smooth surfaces of the
ruptured edges.

Further, there was no sign of any elongation or
bending in the steel along the lower edge of this straight
fracture.
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The first of these points suggested the presence of

some longitudinal flaw.
The second is conclusive proof that the steel at the

site of the burst could not have been stressed beyond its
elastic limit, let alone to its maximum strength, if it had
been sound. The fact that a rupture had occurred
without elongation was conclusive proof that the steel
could not have been sound along the line of the burst.

The similarity of the two bursts shown in Plate X is
very marked, and is emphasised still more by the top
views of both which are given in Plate X L In both
cases the site of the actual burst is situated along an
almost straight longitudinal line, nor is there any sus-
picion of a ring bulge, both the ribs being absolutely
straight. The two photographs in Plate X I should be
compared with that given in Plate VI (a ) , when the
difference between the two bursts which we have just
been considering and an obstructional burst will be
obvious.

Two more examples of bursts caused by flaws in the
barrel deserve attention in order to make our study of
the problem more complete.

The first of these is shown in Plate X IV (a ) and was a
•410 gun of Belgian manufacture in which the lumps were
brazed on to the barrels. This fact happened to preserve
the flaw almost completely and conclusive evidence of
its existence was, therefore, obtained. It wfll be seen
that a crack opened up longitudinally in the “ grain ”
of the steel in the right-hand barrel and extended from
A to B, where it vanished and was presumably continued
underneath the two lumps. The fractured surfaces at C
showed a distinct “ layering ” of the metal where the slag,
which was the cause of the flaw, had been situated before
the seam opened and the slag itself was blown away by
the escaping gases. This “ layering ” of the metal almost
looks like geological stratification and is technically known
cis " lamination.” And when lamination is present in a
ruptured surface it provides conclusive evidence of the
existence of a flaw.
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But the fact of the lumps being brazed on prevented
much of the actual flaw from being blown away immedi-
ately under the lumps, and so a cross-section of the
barrel was made at D. The flaw was one of the worst
I have seen, reaching more than half-way through the
wall of the barrel and being wider in the middle of the wall
than at the outer surface. A photo-micrograph of the
central portion of the wall of the barrel at the point D is
shown in Plate XV (a ) and, I think, speaks for itself.

This flaw was pronounced but not so deep at E and
had  almost  petered  out  at  F.

The  next  example  is  shown  in  Plate  X IV (b ) and, as
can be seen, a barrel which opened out along a " seam ”
at the forward end. The photograph shows how straight
this seam was and how it followed the grain of the steel.
The fractured edges of both sides of the seam showed
pronounced lamination and there was no doubt whatever
that the burst was caused by a flaw, although in this
case the actual inclusions of slag which constituted the
flaw had been carried away by the escaping gases.

It  wiU  be  noted  that  in  neither  of  these  last  two
examples is there any suggestion of a ring bulge elonga-
tion of the steel other than a gentle opening along a
straight seam.

But  there  is  one  feature  common  to  all  the  seven
bursts which I have given as examples of the result of
abnormal weakness of the metal which should receive the
most careful attention. This is the entire absence of any
signs of great violence.

In all the bursts shown in Plates IX, X and X I all
that has happened in each case is that a flap has been
lifted up from the wall of the barrel, comparatively
gently, the edge of the flap coinciding with the line of
greatest weakness, while in the bursts shown in Plate
X IV there was merely a comparatively gentle opening
of the barrel in the form of a straight and narrow spht.

There is none of the twisting, bending back, dis-
tortion and general shattering effect which is such a
marked accompaniment of the obstructional bursts.
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Nor is there the obvious effect of extreme violence which
severed the right barrel of the gun shown in Plate XVI,
or caused the wreck shown in Plate VIII.

Even in the example shown in Plates X (a ) and XI (a )
only a flap of metal was raised from the wall of the cham-
ber and barrel, and in this barrel the metal was in its
softest state owing to overheating.

It will be noticed that I have referred to the " grain ”
in the steel. Plate XV (b ),  (c ) and (d ) gives three photo-
micrographs of longitudinal sections of barrels which
have been " etched ” with dilute nitric acid so as to reveal
the structure of the steel and taken at a magnification
of 100 diameters. The dark parts consist of iron carbide,
the compound of carbon and iron, and the light portion
is free iron, or ferrite, for in the steel used for barrels the
percentage of carbon is too low to permit all the iron
being turned into the compound of iron carbide. The
longitudinal grain in the metal is very distinct and shows
straight streaks of ferrite running between the structure
of iron carbide.

The steel shown in plate XV (b) contains just about
0*4 per cent, of carbon. Those in X V (c) and X V (d )
slightly less. It may be stated that the first of these
steels was British and the other two were continental.

I will give one more example, but this time of an
action cracking as the result of faulty manufacture.
This action is shown in Plate XVII, and at first sight it
might appear to be a typical result of excessive pressure.
But there was no evidence to corroborate this diagnosis.
In fact, all the evidence went the other way. In the
first place the gun was chambered for 12-bore 2|-inch
cases, and ordinary 2j-inch cases were being used at the
time, which would tend to reduce the pressure.

The next point was that the cartridges used at the
time were standard factory loaded cartridges, and that
the rest of the cartridges in the box were fired off without
anything peculiar being noticed in the way of violence.
And, as has already been pointed out, it is extremely
unlikely for one single round in a batch of cartridges
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loaded  in  bulk  in  a  factory  to  produce  a  very  abnormal
pressure when all the others give satisfactory results.

And finally, most important of all, was the fact that
the fired case of the round which actually caused the
accident showed no indications of high pressure.

It was emphasised in Volume I that these light box-
lock guns were naturally very weak across the bar, and
that what may be described as this “ congenital ”
weakness was normally counteracted by :

(1) The addition of a top extension.
(2) Rounding the angle between the face of the action

and the bar.
(3) Maintaining the thickness of the " table ” of the

bar, as well as a sectional design which is likely to give
the maximum strength possible.

(4) The use of high-quality steel.
Now, first of all, this particular gun had no top ex-

tension at all, and the angle between the action face and
bar was not rounded, but was cut very sharp. Further,
the " table ” was very thin, and was not even of the same
thickness over each lock, being -09 of an inch thick over
the left lock and only -o8 of an inch thick over the right
lock. There could have been no valid reason for this
reduction in thickness over the right lock, and such a
reduction indicated that proper care had not been exer-
cised in manufacture.

But the omission of the top extension, and especially
the sharp angle between the action face and the bar,
were in themselves enough to account for excessive
weakening of the action at the most critical point.

And in addition to these faults in design there was the
question of the metal. The coarse granular structure of
the fractured surfaces suggested overheating. The two
photographs in Plate XVIII (a ) and (b ) give a comparison
between the fractured surface of this action and that of
a fracture of a bit of steel of identical composition, but
which had not been submitted to excessive heat. Both
photographs are slightly magnified in order to make the
difference more evident. It wiU be seen that the photo-
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graph on the left shows a very coarse granular structure,
while that on the right has a fine grain structure.

The suspicion of overheating which was thus aroused
was completely confirmed by a metaUurgic examination.
Plate XVIII (c) is a photo-micrograph of a portion of the
steel cut from the bar of the action at the site of the
fracture, and this shows an “ acicular,” or needle like,
structure, which always tends to weakness, and which
was due to the steel having been overheated. The
photo-micrograph in Plate XVIII (d ) is that of a bit
of steel from a high-grade action. The carbon content
is only slightly higher but the carbide is evenly distri-
buted.

But  the  metaUurgic  examination  also  showed  that
the steel itself was of a very mUd nature, the carbon
content being only o-i per cent., which is about the same
as that of wrought iron. A very slightly higher carbon
content (say o-2 per cent.) would have given considerably
higher tensile strength, while the extra cost would have
been trifling. But in some of these low-priced guns
everything is sacrificed to cheapness, and there can be
little doubt that the overheating occurred when the action
body was stamped out, because the hotter the metal the
easier it is to make the stamping.

So it wiU be realised that this cracking of the bar was
due to the foUowing causes :

(1) Inferior metal.
(2) Faulty workmanship. The action had been over-

heated and the recessing for the accommodation of the
locks had been carried out carelessly.

(3) Faulty design. There was no top-extension, and
the angle between the face of the action and the bar was
much too sharp.

Such  a  combination  of  faults  is,  we  must  hope,  un-
common : but it shows the inherent possibilities of a
cheap gun.
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T H E  P R O TE CTIO N  A F FO R D E D  B Y  P R O O F

In the two previous chapters I tried to explain how
it was that pressure and obstructional bursts were actually
brought about. But so far no attempt has been made
to explain why some abnormal weakness in the metal
may ultimately cause a burst barrel or a smashed action.
I have purposely delayed dealing with this question until
it was possible also to deal with the question which was
asked at the end of Chapter X V ; namely. Is Proof an
absolute safeguard against an unreliable gun being placed
on the market ?

The six examples given respectively in Plates IX (a ),

X (a ), X (b ), X IV (a ), XIV (B) and XVII are aU obvious
examples of unreliable guns. Yet all six had passed
Proof which undoubtedly submitted them to a much more
violent strain than that imposed by any subsequent car-
tridge, not excepting the cartridge which actually caused
the rupture in each case. So the reader may easily
wonder how it was that these guns could withstand the
severe test of Proof and yet give way subsequently under
the influence of a normal pressure.

There is a widespread belief among gunmakers that
if a gun has once passed Proof it cannot possibly burst
unless submitted to a pressure higher than that developed
by Proof, Unfortunately this belief is quite erroneous,
and is, in fact, contrary to all metallurgic knowledge and
experience. Steel, in common with other metals, is
subject to fatigue, and if any structure of steel is con-
stantly submitted to a certain stress it may eventually
give way, even though it would be quite capable of with-
standing that same stress, or a higher one, for a limited
number of times. It  is  not  the  intensity  of  any particular
stress which causes rupture so much as the constant repetition
of the stress. A sound barrel or action can withstand
this constant repetition of stress indefinitely because there
is a sufficient reserve of strength. But if any part of a
barrel or action is, or becomes, abnormally weak it will
not possess the reserve of strength necessary to with-
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stand the ordinary stress imposed by firing for an indefi-
nite  number  of  times.  It  may  be  able  to  do  so  twenty
times, a hundred times, or even a thousand times ; but
it will eventually give way exactly like the cracked pitcher
which went to the well once too often.

When the waU of a barrel is weakened in some par-
ticular place by pitting or a flaw, the sound part of the
waU has to do all the work of withstanding the strain
which should normally be untertaken by the whole waU.
And the effect of even some relatively deep pitting or
flaw is not to be gauged by the reduction in the thickness
of the waU alone, but by the stress concentration which
can occur at the base of the pitting or flaw.

The constant repetition of this stress concentration
can eventually overcome the resistance of the wall, and
a burst will occur when the steel has become too tired to
withstand the strain any more.

It  will  be  noticed  that  I  have  used  the  word  “  tired  ”
instead of " fatigued,” which is more commonly associated
with metals. But I have done so purposely, because the
kind of “ fatigue ” which can produce a burst in an
unsound gun is not quite the same phenomenon as that
universally termed " fatigue ” in the strictest metal-
lurgic sense.

MetaUurgically speaking, “ fatigue ” is the effect
produced by constant stressing of some metal structure
up  to  its  elastic  limit. A  fracture  which  is  produced  in
this way is known as a ” fatigue fracture,” and when
the  ruptured  surfaces  are  examined  they  will  be  seen  to
have assumed a very distinct and definite concoidal form.
Most true “ fatigue fractures ” give this appearance, and
it is definite proof that the structure in question was
stressed up to its elastic limit a very great number of
times.

The  most  common  type  of  true  fatigue  fracture  is
that which is produced in the back axle of a motor-car
by a flaw. The existence of the flaw throws extra stress
on the sound metal, and if the flaw is sufficiently serious
the sound metal may be stressed up to its elastic limit
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at every revolution. Then in course of time the axle
breaks with a true fatigue fracture.

In science, it is essential that certain definite terms
should be applied to certain definite conditions; hence
it has come about that the term " fatigue ” is only
applicable in the strictest sense to a peculiar condition
produced in metal by a particular type, or strength, of
stress.

So when a gun with a flaw in the barrel bursts, it is
scientifically incorrect to state that the burst was due to
“ fatigue,” as this term is used in metallurgic parlance
to denote another special type of fracture. Nevertheless
the barrel bursts because it has experienced a kind of
fatigue, and when explaining the reason from the practical
view-point of a non-scientific sportsman the burst can
reasonably be attributed to a kind of fatigue, provided the
strictest metallurgic meaning of the word is remembered.

But let us return to the question of Proof.
It wiU not be difficult to understand that a barrel

containing a flaw may be sufficiently strong just to
withstand the Proof pressure, both in Provisional and
Definitive Proof. But if it has only withstood these
pressures with but a small margin to spare it will almost
inevitably give way in course of time under the constant
repetition of stress imposed by firing a number of shots.
The fact that the barrel has once, or even twice, withstood
successfully a pressure of 5 tons is no guarantee whatever
that it will be able to withstand for an indefinite number
of times any pressure lower than 5 tons ; or that it can
only be burst when a 5 tons pressure is exceeded.

AH engineering structures are so designed that the
materials used in these structures have a certain Factor
of Safety. This means that the working load on any
given piece of material used in the structure is much less
than the breaking stress.

If the breaking stress of the piece in question is, say,
five  times  the  maximum  working  load,  the  Factor  of
Safety is said to be five. In boilers, for example, the
Factor  of  Safety  is  from  four  and  a  half  upwards,  while
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the test pressure employed varies from one and a half to
twice the maximum pressure. In a shotgun, on the
other hand, the Factor of Safety is probably not more
than two and a half or, at the very most, three. But
since the test pressure applied in Proof is nearly twice
the normal working load it will be seen that a gun is more
severely tested than a boUer, because the test pressure
applied approaches more nearly the bursting pressure.

However, the Factor of Safety in a gun or any other
structure depends on the strength of the material used;
and since this is not ascertained in each individual gun
as carefully as it is for every piece of steel used in a boiler,
the Factor of Safety of a gun cannot be said to be known
as  accurately  as  that  of  a  boiler.  And  yet  there  are
authenticated cases on record of boilers having burst
because of latent flaws.

It is, therefore, quite ridiculous to maintain, as some
gunmakers do try to maintain, that the fact that a gun
has passed Proof is conclusive evidence that it must have
been sound in every respect.

Proof can, in fact, weaken a gun by accentuating a
flaw  which  may  already  exist.

The reader may, therefore, quite naturally wonder
why the pressure given by Definitive Proof is not in-
creased. The reason why this would be impossible is
that the actions would never withstand a higher Proof
pressure. For in Definitive Proof it is really the action
which is being tested, not the barrel. As can be seen
from  Table  X X X  a  sound  barrel  of  good  steel  can  with-
stand a considerably higher pressure than that given by
Proof without distress. But the action would not. And
so it is the strength of the action which limits the strength
of Proof, which means that a barrel considerably weaker
than the normal can pass Definitive Proof without much
difficulty. This Proof charge may strain it, however,
and weaken i t ; just as it is possible to test a gut salmon
cast with a pull of 10 lb. and so strain it that it would not
withstand another puU of more than 2 lb.

If Definitive Proof were made more severe guns would
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all have to be heavier on account of the stronger actions
which would be necessary, and sportsmen woidd not like
to go back to heavier gims.

A better plan would be to make the Provisional
Proof more severe. But no matter how severe this were
made  within  reason  there  would  always  remain  the  risk
of  an  tmsound  barrel  being  just  strong  enough  to  pass.
And such a barrel would certainly give way in course of
time.

The best plan of all would be to incorporate in Pro-
visional Proof one or more of the methods of " Crack
Detection ” which have been developed so successfully
since about 1935. X-rays are used regularly in aU big
steel works for the detection of flaws in steel, but it is
at present doubtful whether the results are always quite
so definite when examining a tube as they are in the case
of flat plates. Further, the cost of the plant is very
heavy, while the examination of every specimen means
the taking of a photograph which needs a specialist to
interpret. Such work would add enormously to the cost
of Proof, which is at present fixed by the Gun Barrel
Proof Act of 1868. The Sorting Bridge method of
detecting flaws is also Hable sometimes to misinterpreta-
tion. But " Crack Detection,” both Magnetic and
Fluorescent, has proved very satisfactory and is com-
paratively cheap and simple. In the Magnetic method
the steel specimen to be tested is first magnetised and
then immersed in a specicil " ink,” which is really paraffin
in which a very large amount of minute particles of
magnetic oxide of iron are in suspension. Any flaw in
the specimen makes a break in the magnetic field and
the tiny particles arrange themselves along this break,
thus disclosing the flaw.

In the Fluorescent method the specimen is first
painted with a special fiuid and then examined under
ultra-violet light when any cracks become immediately
visible. But in this method the cracks must be in the
actual surface of the steel, while in the Magnetic method
sub-surface faults or inclusions can be disclosed.



PLATE XX

Magnetic Crack Detection is a comparatively new method of detecting longi-
tudinal flaws in shotgun barrels. The principle is based on the fact that
when  a  longitudinal  flaw  in  a  piece  of  drawn  steel  occurs,  the  flaw  causes  a
break in the circumferential continuity of that piece of steel. The method
is to magnetise the barrel or tube and place it in a special ink ” contained
in a copper trough. The “ ink ” comprises what may almost be termed an
“ emulsion ** of very fine particles of steel suspended in paraffin. A copper
rod is run down the tube, protruding slightly at each end. These two ends
are attached to the middle of an electric circuit.

When the current is switched on the tube is heavily magnetised and, if
there is any break in the continuity of the steel, the fine particles collect
along the line of that break, and form a very definite and pronounced streak
along the outer circumference of the tube. This method is, as near as possible,
foolproof and, as will be seen from the photograph overleaf, the results can
be really startling in their clarity.

Plate A. Photograph showing split- in the grain of the steel of the right-
hand  barrel.  This  was  visible  to  the  naked  eye.

Plate B. Photograph showing two longitudinal splits in the grain of the
steel of the left-hand barrel. These were quite invisible to
the naked eye, but are here seen revealed by Magnetic Crack
Detection.

In the previous edition of this volume I merely mentioned the possible
value of Magnetic Crack Detection, but further experience has convinced
me that this value can only be obtained fully by testing with a finished barrel.
A barrel in the tube stage is not sufficiently smooth for the special " ink ”
to adhere to the line of the crack. Magnetic Crack Detection, therefore,
cannot be used to full advantage on a barrel in the “ tube ” stage.

Author's Note: I am indebted to Messrs. Metropolitan Vickers, Ltd, for their
great kindness in spending so much time and trouble in showing me the
technique of this method in operation.
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But in any case no such additional examination could
be carried out without increasing the cost of Proof, which
is already insufl&cient to cover the costs entailed in carry-
ing  it  out.  This  is  not  surprising  as  it  will  be  generally
reahsed how the costs of all labour, material, rents, and
indeed everything, have gone up in the past century.
But the fact that the actual prices for all the Proofs are
fixed by an Act of 1868 means that there can be no
increase  until  a  new  Act  is  passed.  The  time  for  such
an  Act  is  long  overdue  and  it  can  be  but  hoped  that  if
and when it does come it will permit the Proof Authorities
to incorporate other tests in Proof besides the firing of
Proof charges should they deem such tests to be useful,
and also to increase the prices of Proof to a reasonable
degree.  It  may  well  be  that  the  rapid  advance  of
scientific research may open out new and better methods
for the detection of flaws, and it wiU be a tragedy if the
hands of the Proof Authorities are tied by an Act of 1868.

So although Proof cannot in any way be regarded as
an infallible safeguard, it is undoubtedly the best that
can be provided as far as all practical purposes of sport
are concerned, and under existing conditions, especially
as although Proof may possibly weaken an unsound
barrel it can also at times strengthen one  which  is  sound
but rather on the light side. This is a very interesting
point: but in order that the reader may understand it
the more readily I will first make an apparent digression.

Before the introduction of wire wound guns the
almost universal system used in the construction of naval
ordnance or other heavy artillery was the shrinking on
of a number of tubes, each over the others. The principle
underlying this procedure was as follows:

The innermost tube of aU was made comparatively
thin, and the next tube was so made that its intern^
diameter was slightly less than the external diameter
of the smaller one. It was thus impossible to fit the
larger tube over the smaller when cold ; but if the larger
tube was heated it expanded sufl&ciently to permit its
being  shpped  on  over  the  smaller  tube.  The  larger
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tube was thicker than the smaller, and consequently
stronger; so as it contracted on cooling it compressed
the inner tube.

This process was repeated several times until the
gun was built up of a number of tubes, each shrunk on
over the others.

The  effect  of  this  procedure  can  be  explained  best  by
considering only the two innermost tubes of all.

Owing  to  the  pressure  exerted  by  the  outer  tube  the
steel walls of the inner tube are kept in a state of constant
compression. So when any internal pressure is applied
which tends to expand this inner tube this pressure will
first have to stretch the tube to its original form, and
will then have to stretch it up to its elastic limit and
maximum strength before rupture will occur. From
this it will be seen that a certain amount of pressure will,
in the first instance, be taken up in stretching the tube
to its original size and overcoming the compression which
is exercised by the outer tube. This means that the total
pressure necessary to stretch the tube to any specified
degree above its original form wOl have to be greater than
would have been the case had there been no initial force
of compression to overcome. In other words, the tube
will be stronger.

And when a number of tubes are shrunk on over each
other the total strength of the whole piece is greatly
increased, because each individual tube must be expanded
before any stress can come into play in the tube imme-
diately outside ; and in the case of every single tube
a certain amount of residual compression must be over-
come before it can be expanded.

This digression may appear unnecessary, but it pro-
vides an excellent example of the manner in which stresses
act in a gun barrel. Such a barrel admittedly consists
of a single, or mono-bloc, tube ; but the walls of this tube
must always be regarded as being made up of a very large
number  of  very  thin  layers.  And  each  of  these  layers
must be stretched in succession before any stress can act
on the layer immediately beyond.
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A process known as " Auto-frettage ” utilises this
fact and has been used successfully for strengthening the
mono-bloc tubes used in several makes of Breech Loading
and Quick Firing guns in this country ; while the system
has also been employed with various kinds of guns and
howitzers in America, Japan, and several continental
countries.

In this process of Auto-frettage an internal hydraulic
pressure is introduced in a mono-bloc tube sufficient to
stress the inner layers of the tube beyond their elastic
limit. When this pressure is removed, these inner layers
do not resume their original dimensions of their own
accord but tend to remain larger. This tendency
stretches the inner layers of the tube, thus bringing into
tension the outer layers of steel, and so enabling them
to support the inner layers against further pressure.
And since the hydraulic pressure is so arranged that only
the very innermost layers are stretched, the state of
tension which is forced on the outer layers compresses
the inner ones, leaving them in a state of residual com-
pression.

The final effect is then the same as if the barrel were
built up of a number of shrunk-on tubes.

If the chamber of a barrel is rather on the light side,
or if the steel has a rather low elastic limit, it sometimes
happens that Provisional Proof, or even Definitive Proof,
can stretch the inner layers of the chamber beyond their
elastic limit, and thus introduce the process of Auto-
frettage in the breech end of the barrel. When this
occurs the barrel will be stronger than it would have been
had the Proof pressure been sHghtly lower and not
stressed the inner layers beyond their elastic limit.

So it wiU. be seen that in spite of some admitted
shortcomings there can be decided advantages in the
present system of Proof; and if any change were made
it would seem better to increase the severity of the test
imposed by Provisional Proof on tubes. Even at the
present time nmnbers of faulty tubes fail to pass this
te st: and the greater the severity, still smaller would be
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the percentage of faulty tubes which would get through,
and  this  would  mean  that  the  possibility  of  a  gun  being
sold with an unsound barrel would be slighter even than
it is at present. For when the enormous number of guns
made every year is remembered, the percentage of acci-
dents  due  to  flaws  is  infinitesimal.  And  should  an
unsound gun be sold the chances are that it will give way
before very many rounds have been fired. For the kind
of fatigue which causes unsound guns to burst sets in,
as a rule, comparatively quickly : and the greater the
number of shots that are fired through any gun the less
the risk of any latent flaw being present. In fact any
gun which has withstood i,ooo rounds can probably be
regarded  as  being  cleared  of  suspicion.

So when aU things are considered it will be realised
that Proof does provide a very real safeguard; and
further, one which has been largely responsible for the
high reputation enjoyed by British guns aU over the
world. Perfection, however, is almost impossible of
attainment; and the protection afforded by Proof is
not absolute and would not be absolute even if additional
measures of testing were incorporated.

T H E  D I A G N O S IS  O F  A  B U R S T

Whenever a burst does occur the exact cause is
naturally a matter of considerable importance. Con-
sequently I propose to offer some suggestions as to the
steps which should be taken in order to make a thorough
investigation of the accident.

In order to give the investigator every possible chance
of arriving at the truth the gun should be sent up for
examination as soon as possible, and without being cleaned.
Accompanying the gun should be the fired case of the
cartridge which actually caused the burst; if possible
the fired case of the round immediately preceding the
burst; a few fired cases, and as many unfired cartridges
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as possible, up to, say, twenty, of the batch which was
being used at the time.

With this evidence available it should be possible to
diagnose the cause of the accident with certainty.

Let us first of all assume that the burst has occurred
in one of the barrels.

In the last chapter it was stated that by far the most
common cause of burst is some obstruction in the bore,
and  so  the  first  thing  to  do  is  to  look  for  evidence  of  an
obstructional burst, that is for a ring bulge. Such a bulge,
as has been explained, can best be seen by foreshortening
the barrel; and if a ring bulge is detected the cause of
the burst becomes established beyond any shadow of
doubt.

But even if the investigator is thus quite confident
that the burst was due to an obstruction, it by no means
follows that the owner of the gun will be equally satisfied
without further proof. Every effort should, therefore,
be made to try to ascertain what the obstruction could
have been ; and in this connection the owner of the gun
should be asked to give rephes to the following questions :

(1) Was the accident caused by the first shot of the
day through the barrel which actually burst ?

If so, there would be strong reasons for presuming that
the obstruction consisted of some cleaning material left
behind in the bore.

(2) If the accident was not the result of the first shot
of the day, what was the result of the shot from the barrel
which burst immediately previous to the one which
caused the damage ? Was the bird actually killed ?

The object of this question is to ascertain what
chances there could have been of a charge of shot being
left  behind  in  the  bore.

(3)  Did  an3dhing  in  the  least  abnormal  occur  in  the
case of the shot fired through the burst barrel immediately
before the round which caused the burst ? That is, was
there a miss-fire ? Was the report quite normal ?
Was there any abnormal amount of smoke issuing from
the breech on unloading ?
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These questions are merely intended to investigate
still further the possibility of a charge of shot being left
in  the  bore  by  the  previous  round.

(4) If there was an apparent miss-fire immediately
before firing the round which caused the burst, was the
chamber apparently empty when the gun was opened for
re-loading ?

The  reply  to  this  question  should  provide  a  clue  8is
to whether there was any possibility of a cartridge of a
smaller size having been loaded by accident and become
stuck  at  the  head  of  the  chamber.

(5)  Was  the  shooter  out  with  a  party,  and,  if  so,  was
any member of the party using a smaller bore of gun ?
If so, what size ?

(6) Does the shooter, or any member of his household,
own a gun and cartridges of smaller gauge than the one
which burst ? If so, of what size or sizes ?

Both these last two questions may help to clear up the
possibility of the burst being caused by the accidental
intermingling of cartridges.

(7) Under what conditions was the shooting taking
place ? That is, was the shooter walking up or driving ?

There is generally more chance of picking up some
obstruction in the muzzle when walking up than when
driving. But if the shooter states that he was grouse
driving, he should be asked the nature of the butt he was
in.  If  it  was  made  of  peat,  as  it  probably  would  be,  it
would be quite  reasonable  to  suppose that  he  had picked
up  some  peat  in  the  muzzle  of  his  gun  ;  especially  if  the
burst occurred near the muzzle.

(8) What was the nature of the ground on which the
shooter was standing, or over which he was walking, at
the time of the accident ? That is, was it soft plough,
sandy, grass, heather, etc. ?

This question is really a " follow up ” to the previous
one, and the reply should indicate the chances of some
obstruction having been picked up in the muzzle of the
gun.

The answers to these eight questions and the actual
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position of the burst in the barrel should between them
provide sufficient data to determine the nature of the
obstruction with comparative certainty. But the fired
case of the round which caused the burst and also that of
the round immediately preceding the burst should also
be examined for confirmatory evidence.

For instance, I know that one fired case of a round
which actually caused a burst was noticed to have unhurnt
grains of powder sticking to the outside of the case at
the extreme front end ; that is where the turnover would
be straightened out. Now it was clearly impossible that
these grains could have come from the cartridge itself, as
the turnover would have to be straightened out before
any powder gas or grains could leave the case. So it was
evident that these unburnt powder grains must have been
in the chamber before this cartridge was loaded, and that
when the turnover was unrolled they were pressed against
the outside of the case. This indicated that combustion
had not been complete in the previous round, which
suggested that the shot charge had been left in the
bore.

This fact was further emphasised by an examination
of the fired case of the round immediately preceding the
accident, as there was still some unburnt powder inside
the case.

A  similar  examination  should  be  made  of  any  other
fired cases of cartridges from the lot which contained
the one which caused the burst, as it is possible that
indications of incomplete combustion may also be found
in them. And if the combustion was not complete in
the majority of rounds, it is quite reasonable to suppose
that in one round it was so incomplete that the shot
charge was left in the bore.

And in order to complete the investigation a most
careful examination should be made of as many live
cartridges as possible from the same batch. Some should
be opened, and the weights of the powder and shot
charges checked in order to test for regularity of loading.
This step should never be omitted, as I once examined a
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batch of cartridges in which the powder charge had been
omitted altogether in several rounds.

Then aU the remaining cartridges  should be tested for
ballistics; that is pressure and velocity, and if possible
recoil. If the ballistics, especially the pressures, are
weak and irregular, there can be a presumption that the
ignition is at fault. But if the ballistics are all normal
and regular, the odds are that the cartridges are not at
fault.

But in the case of an obstructional burst the really
essential evidence is the ring bulge. If there is a ring
bulge, there must have been an obstruction ; and the
absence of a ring bulge is conclusive proof that there
could not have been an obstruction.^

If, therefore, the burst was not caused by an ob-
struction it must have been the result of some
excessive pressure or of some abnormal weakness in the
barrel.

A pressure burst, as was explained in Chapter XVI,
can only occur in the immediate neighbourhood of the
chamber; and so if the burst occurred ahead of the
chamber cone an excessive pressure can be ruled out of
court. But if the burst occurred at the breech, and was
the direct result of a high pressure, confirmatory evidence
will be found in the appearance of the brass head of the
cartridge which caused the accident. For it is utterly
impossible for a very high pressure to be developed
without  it  leaving  its  mark  on  the  fired  case.

Further evidence may be obtained by an examination
of the fired cases from the same batch of cartridges, and

^ The most difficult of all obstructional bursts to diagnose with
certainty  is  a  burst  which  is  clearly  the  result  of  an  obstruction,  but
which  occurred  suddenly  in  the  middle  of  a  series  of  shots,  when  there
was no possibility of any mud or similar substance being picked up
in  the  muzzle,  and  when  the  previous  shot  killed  a  bird.  In  such
a case the explanation must be arrived at b y a process of elimination;
and when every possible alternative has been discarded the only
explanation remaining is that the burst was caused b y an over-powder
card wad left in the bore. Fortunately, however, such accidents are
very, very rare.



PLATE XXI

(A) A 2i-inch 12-bore cartridge-case showing signs of an excessive pressure.
The mark of the extractor is plainly seen between the points i and 2 ; and

the  rim  is  enlarged.
(B) A 2i-inch 12-bore cartridge-case showing signs of an excessive pressure,
rile mark of the extractor is very pronounced between the points i and 2 ;

and the rim is split from 3 to 4.
(C) The cap on the left shows signs of an excessive pressure. It is lifted
out of its seating and fiatteued against the breech face and the indentation
of the striker is very pronounced. A comparison should be made with the

cap on the right which shows a normal striker indent and pressure.
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by testing as many unfired cartridges as possible from
this batch for loading and ballistics.

As has been stated more than once, it is extremely
improbable, if not impossible, for one isolated round to
develop a pressure sufficiently high to burst a sound gun
when all the other cartridges in the batch behave quite
normally. So if the burst was caused by a high pressure
there should be plenty of corroborative evidence in the
other cartridges from the batch.

And since human nature is such as it is, there is always
the possibility that the vendor of the cartridges wiU
declare that the burst must have been caused by an
obstruction, in spite of there being no ring bulge. It is,
therefore, always advisable to obtain from the owner of
the gun answers to aU the questions suggested for the
elucidation of an obstructional burst. These replies will
help to establish the impossibility of an obstruction having
been present.

If there are no confirmatory indications of any
excessive pressure having been developed, the only
remaining explanation is that the burst must have been
due to some abnormal weakness in the barrel. And
in any case this must be the cause if the rupture is situated
in front of the chamber cone, and there is no ring bulge.

The first thing to do is to test the cartridges, examine
the fired cases, and obtain answers to the questions which
have already been given. These are important steps as
they will provide useful additional negative evidence that
the burst could not have been caused by an obstruction
or pressure, and they may help to convince a doubting
shooter, or gunmaker, of the real cause.

Then a most careful examination should be made of
the fractured edges, both with the naked eye and a power-
ful pocket lens. If the weakness has been caused by
rust or pitting, the fractured edges will show unmistak-
able signs of discoloration. But if there are no indications
of rust or pitting, and the thickness of the wall of the
barrel is normal, the investigator’s suspicions will naturally
be directed tow'ards the possibility of a flaw.
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If the fracture occurs along a straight longitudinal
line and the fractured edges along this line are of a differ-
ent appearance from those of the flap of metal which must
have been lifted, suspicions of a flaw will become almost a
certainty. And in such circumstances it is essential that
the barrel should be submitted to an expert for metal-
lurgic investigation. When this metaUurgic evidence
corroborates the suspicions of a flaw, the matter can be
said to be definitely settled. It must, however, be
remembered that metaUurgic evidence of a positive
nature is only confirmatory evidence. When such evi-
dence cannot be found the other evidence of the presence
of a flaw is not necessarily invalidated ; and it is quite
incorrect  to  assume  that  because  no  evidence  of  a  defect
in the metal is revealed by the microscope, no defect could
have existed. It is possible for the actual burst so to
disturb the surfaces of the fractured parts as to render
microscopic examination abortive, and the absence
of proof obtained by a microscope of the presence
of a flaw is no proof of the absence of a flaw in the
metal.

But should there be any distinct lamination in the
surface of a fracture the evidence of a flaw can be regarded
as definite even if no inclusions are found, for inclusions
are usuaUy carried away with the escaping gases when a
barrel opens out along a seam. And in order to help
the reader to recognise lamination when he sees it three
typical examples have been given in Plate XIX. The top
three photographs are the surfaces of longitudinal frac-
tures, or splits, in barrels along the grain of the metal and
the “ layering,” or lamination, is obvious.

The bottom photograph is of interest as it is an
example of what may be termed " false ” or " apparent ”
lamination, which was caused in the following manner.

The right barrel of a gun burst owing to a flaw in the
chamber, and the metal opened out along a seam near the
top of the barrel. The outside flap of metal was blown
outwards and bent downwards against the sharp edge
of the flat of the barrel, with the result that the barrel
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wall was snapped off along this edge in exactly the same
manner as a thin piece of wood could be snapped off
when placed over the edge of a table and the outer por-
tion was bent downwards.

In the photograph the layer A is the outside edge of
the flat of the barrel, which corresponds to the table edge
just used as a simile, while the fractured surface of the
barrel wall consists of the layers B and C. It might be
thought that these two distinct layers were lamination,
but actually the dividing line between the layer B and the
layer C is the neutral axis of the wall. When the barrel
wall was bent over outwards the outer and bottom
portion, which was pressed against the edge of the fiat,
was forced into a state of compression. At the same
time the inside of the wall, which was farthest from the
flat, was forced into a state of tension as it was gradually
stretched when the barrel wall was bent outwards.
When fracture finally occurred the areas under tension
and compression showed different characteristics as can
be seen plainly in the photograph, which shows the
neutral axis very clearly.

If there is the slightest doubt as to whether the burst
was caused by an excessive pressure it will be better to
measure the thickness of the wall of the barrel at both
ends of the rupture, when use can be made of the Gun-
makers’ Formula to determine the gas pressures necessary
to stress the barrel to its maximum strength at these
points. The maximum strength can either be assumed,
or else actually be obtained by cutting a test piece of
metal from the barrel. If this necessary pressure is at
all high it would mean that the i-inch pressure must have
been higher; and this can be proved or disproved by the
appearance of the fired case as well as by the condition of
the action.

The  metaUurgic  investigation  should  also  include  an
examination of the physical structure and condition of
the steel so as to find out whether the barrel had been
overheated dming brazing. For it should not be for-
gotten that overheating can so destroy the strength of

o*
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the steel as to render it liable to fracture when subjected
to very low stresses.

This last point is of special importance when investi-
gating a smashed or cracked action. The vendor of the
gun will almost certainly attribute the accident to an
excessive pressure ; and it is quite probable that he will
be  right,  for  a  cracked  action  is  usually  a  t5q)ical  indica-
tion of a very high pressure.

But  the  example  given  in  Plate  XVII  proves  that  a
very high pressure is not necessarily the true explanation
for an accident of this type, and the metal of the action
body in the immediate neighbourhood of the fracture
should be metaUurgically examined for the state of its
physical condition. If there are signs of overheating, or
incorrect heat treatment, the cartridges can be absolved
from blame, and the onus must be borne by the gun.

I trust that I have now said enough to indicate the
lines on which an investigation into the cause of a burst
should proceed. Confidence in the correctness of a
diagnosis can only come by experience backed up by a
knowledge and understanding of the subject. I have
tried to outline sufficient of the subject in these three
chapters to provide the necessary knowledge and under-
standing ; experience, however, can only be gained by
each individual for himself.

But before I close this subject I will mention that there
is one type of “ burst ” which is occasionally encountered
which is not a burst at aU. For it sometimes happens
that a shooter actually hits the barrels of his second
gun with the shot from his first gun, which is in his
loader’s hands, when he turns round and fires at a bird
behind. The barrels wiU naturally be severely damaged,
but such an accident is quite unmistakable.

A burst is the result of some internal pressure in the
barrel which is acting outwards, and so the ruptured
portion of the barrel will always show an outward splay.

But when the barrels are hit at very close range by a
charge of shot, the rupturing force is acting inwards as
far as the near side of the barrels is concerned, and so the
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barrels will tend to close up at the site of the rupture.
Further, there will be marks of lead on the outside of the
barrel.

In such a case, as in fact in every case of a burst, the
investigator must be guided entirely by facts in his search
for the truth, and should avoid being influenced by
statements made by any interested party if such state-
ments do not appear to confirm the definitely estabhshed
facts.

L I A B I L I T Y  I N  T H E  C A S E  O F  A  B U R S T

When a burst occurs the question of liability will
naturally occur to the owner of a gun, both for the
repair or replacement of the gun itself, and also for possible
physiccd injury. In any accident of this nature there
are three parties concerned ; the owner of the gun ; the
vendor of the gun ; and the vendor of the cartridges.
It may be as well, therefore, to consider all three points
of  view  as  impartially  as  possible.

The owner of the gun is naturally distressed at the
damage to his weapon, quite apart from the fact that
he possibly has been damaged himself. And he will
equally naturally wish to have the loss made good.

The vendor of the gun will be just as anxious to meet
the owner in any reasonable way, because his reputation
may suffer if the fact that one of his guns has burst
becomes widely known.

The same applies to the vendor of the cartridges,
who will certainly do everything in his power to prove
that the fault cotfid not have been in them.

Consequently the owner of the gun really starts in a
better position as far as any compensation is concerned,
because it will be distinctly to the other parties’ advantage
to settle with him generously and so regain his confidence
in their goods. This is a point which some sportsmen
seem sometimes to forget, and I have known them at
times  to  take  up  what  can  only  be  regarded  as  a  most
1 nreasonable attitude.
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If any accident happens to a gun which has not been
Nitro Proved but in which cartridges loaded with nitro
powder were being used at the time of the accident, the
owner  of  the  gun  can  have  no  sort  of  claim  whatever  on
either the vendor of the gun or cartridges. And the
more generally this fact is realised the better both for
sportsmen and gunmakers, as much misunderstanding
will be saved.

But if the gun has been Nitro Proved the problem
may not be so simple.

If the burst was caused by an obstruction no blame
of any sort can be attached to the vendor of the gun, nor
can he be held liable in any way.

And the vendor of the cartridges could only become
liable if it were proved that the obstruction was caused
by a faulty cartridge, in which combustion had been
incomplete and so resulted in the shot charge being left
in the bore. It might be possible to prove this in a court
of law, but I can imagine that there could be considerable
difficulty in convincing a jury composed of men and
women who knew nothing of the subject. And if the
nature of the burst indicated that it had been caused by
an over-powder card wad left in the bore, I should say
that legal proof would be an impossibility.

Nor must it be forgotten that incomplete combustion
may be the result of faulty ignition due to an abnormally
weak striker blow. And so no sportsman should con-
template serious legal action unless his purse is very deep,
and he enjoys losing money.

For in the vast majority of cases the obstruction is
inserted by some act of the shooter himself, and in such
circumstances he alone can be held responsible.

If the burst was proved to be due to excessive pressure
which was the result of abnormal or incorrect loading, the
vendor of the gun is cleared of responsibility, and the
vendor  of  the  cartridges  must  shoulder  the  blame.

But a burst caused by some abnormal weakness of
the metal is in a different category. If this weakness is
the result of corrosion of any sort or of wear and tear



PLATE XXII

It is a common sight to see a sportsman struggling to put a gun together,
especially if it be a weapon to which he is not accustomed. Force is not
infrequently used, and burred, or otherwise damaged, lumps are usually the
result. The illustrations show the wrong and right methods of holding a gun
to put it together. The wrong position is shown in illustration A, and here
the barrels are held a long way from the breech ; the angle between the
barrels and stock is nearly a right angle ; the lever of the action is not pressed,
and the stock is held by the hand alone. The correct position is shown in
illustration B. It will be noticed how the barrels are held with the back
of the band upwards close to the breech so that complete control is exercised
over the lumps of the barrels and they can be coaxed into the slots of the
action. The angle between the barrels and stock is much more obtuse, thus
allowing the hook of the forward lump on the barrels to find its own position,
while  the  thumb  of  the  right  hand  is  pressing  back  the  action  lever  and  so
giving the lumps every chance to slip into the slots in the action. At the
same time the stock is pressed against the right fore-arm, which steadies it.
If the barrels are held too close to the breech there is a risk of pinching the

flesh  of  the  hand  in  a  most  painful  manner  when  the  gun  is  closed.
Once the hook of the forward lump is felt to engage, it is a good plan to try
to pull the barrels apart from the stock. If the hook has not actually caught
no harm is  done,  while  if  it  has  caught  this  movement  helps  to  close  the  gun.
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(A) T h e  W r o n g  W a y

(B) T h e  R i g h t  W a y



MORE ABOUT BURSTS 423
no  one  can  fairly  be  held  liable.  But  if  the  burst  was
due to a flaw, the situation can become very complicated.
For the vendor of the gun will naturally do everything
in his power to show that the flaw must have developed
after it was sold as the result of some very high pressure.
But if a metallurgic examination shows that the flaw is
the result of some " inclusion ” the vendor of the gun is
legally liable under Section 14 (i) of the Sale of Goods
Act, 1893. And here it may be mentioned that the
makers of high grade British tubes now use Crack
Detection for examining their tubes before they are
issued.

Should a metallurgic examination show that the
physical condition of the steel has been impaired through
overheating, the gunmaker should shoulder all the blame
and bear every penny of the cost of the damage. Over-
heating is nothing but bad workmanship for which there
cannot be any possible excuse. But whether this view
would be upheld in a court of law is another matter.

Finally, it should be realised that the majority of
bursts are really the outcome of carelessness or ignorance
on the part of the shooter, and that in these cases he
should shoulder whatever blame there may be.

P R E C A U T I O N S  T O  A V O I D  B U R S T S

In view of the statement which I have just made
I will now give a list of precautions which all shooters
should adopt. If they do they really need have no fear
whatever of any bursts other than those very rare acci-
dents due either to an over-powder card wad being left
in  the  bore,  or  else  to  some  latent  flaw  in  the  metal  of
the barrels. And these two causes are really so extremely
unusual that they need hardly be considered.

The precautions which I suggest are as follows ;
(1) Always buy cartridges from a reliable firm. This

will minimise the risk of faulty loading, etc.
(2) Always adopt every possible precaution to prevent

different sizes of cartridges being intermixed.



424 THE MODERN SHOTGUN

(3) Always look through the barrels before starting
out on a day’s shooting.

(4) Always carry a pull-through when out shooting.
(5) Always unload and look through the barrels on

the faintest suspicion of the muzzle touching the ground
or undergrowth.

(6) Always look through the barrels after the trigger
is pressed with no result. If a miss-fire, see if there is
anything in the barrel; if the chamber is empty, see
if a smaller sized cartridge is sticking in the bore.

(7) Always look through the barrels on the shghtest
suspicion of anything peculiar happening in the som:d
of the report, or the fall of the hammer. ̂

(8)  Always  look  through  the  barrels  if  an  abnormal
amount of smoke is seen to issue from the breech after
unloading.

(g) Always look through the barrels if the recoil seems
abnormally weak. When shooting at game the normal
recoil is not ordinarily noticed. But anything markedly
abnormal usually is detected at once.

(10) Never continue to use any cartridges from any
particular lot if one or two give an altogether excessive
recoil.

(11) Always have guns overhauled periodically by a
competent gunmaker (preferably the original maker).

Bursts are extremely unpleasant occurrences, and if
these eleven precautions were always adopted I am

^  I  have  known  a  case  of  a  latent  flaw  developing  during  shooting,
when  the  report  sounded  peculiar.  This  was  undoubtedly  due  to  the
fact  that  the  barrel  had  begun  to  “  go,”  and  so  gave  out  a  different
note,  just  as  a  cracked  bell  gives  out  a  different  note  to  a  sound  one.
In this case the shooter did look down the bore, but of course saw
nothing. If he had examined the outside of the barrel he would
probably  have  seen  some  indication  of  a  “  seam  "  in  the  steel  which
had  suddenly  become  more  evident.  So  if  the  bore  is  seen  to  be
clear  after  a  peculiar  report  it  would  be  as  well  to  examine  the  barrels
themselves for any abnormal appearance. But, as has already been
stated,  such  flaws  are  so  comparatively  rare  that  the  examination  of
the barrels need hardly be regarded as a normal precaution, especially
if  the  gun  has  fired  over  1,000  rounds.
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convinced that bursts would be distinctly more rare even
than they are. I will, however, wind up the subject
with a note of consolation.

One would think that a burst would almost always
cause serious bodily harm. But happily this idea is not
borne out by experience. Out of the several hundred
different bursts which I have personally investigated
since 1920 only four caused any hurt to the shooter.
In some of the other cases the shooters had extremely
lucky escapes : but they were escapes; and it can be
comforting to know that so many bursts can occur with-
out  hurting  either  the  shooter  or  anyone  else.



CHAPTER XIX

ODDS AND ENDS

T h e r e  now only remain for consideration a few
comparatively minor subjects which could not
properly be included in any of the preceding

chapters. I am, accordingly, dealing with these various
points in the present chapter.

D E T O N A T I O N

The first, and most important, of these miscellaneous
subjects is the question of Detonation. There is a cofti-
paratively common belief among both sportsmen and
gunmakers that shotgun cartridges can “ detonate ' ;
and I have frequently been told that a gtm has been burst
by the detonation of the cartridge, while I have on several
occasions been offered this explanation in all good faith
for perfectly obvious obstructional bursts. It may,
therefore, be as well to consider first what a “ Detonation ”
really is ; and then why such a thing cannot occur in an
ordinary shotgun cartridge.

When any explosive is said to " explode ” it is meant
that the explosive charge is resolved into hot gases with
great rapidity. In general terms aU explosives can be
divided into two classes : " High ” Explosives ; and
Propellants.

The former class includes such explosives as dynamite
and gelignite, which are used for blasting; the latter,
explosives such as cordite (which is used for the propulsion
of projectiles in ordnance, rifles, pistols and revolvers),
and Smokeless Diamond (which is used in a similar way
in shotguns).

Detonation is the ordinary way of working in the case
of “ High ” explosives, while combustion is the normal
method of working in the Case of Propellants. In both

426
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detonation and combustion the explosive charge is
completely resolved into hot gases, but the difference
between the two actions can best be realised with the
help of the following example.

In a 12-inch Naval gun the cords of cordite which
make up the charge are about one-third of an inch in
diameter, and when combustion takes place they are
totally burnt up in about one-hundredth part of a second.
But in the case of a shell loaded with T.N.T. similar
layers of this substance are converted into gases in about
one-millionth part of a second. So in the latter case
the conversion into gases is just about 10,000 times
as rapid as the former. This is the difference between
detonation and combustion as applied to explosives:
combustion is slow— v̂ery slow— as compared with detona-
tion.

Once this point is understood it becomes possible
to assign an accurate definition to the term “ detona-
tion,” and probably the best definition of any is as
follows.

Detonation, when applied to explosives, means that
the explosive charge is resolved into hot gases with such
rapidity that the walls which contain that explosive
have not time to make any appreciable movement before
the conversion into gases is complete.

In the case of a 12-bore 2j-inch cartridge this would
mean that the whole of the 33 grains or 42 grains of the
powder would be completely converted into gases before
the  shot  charge  has  had  time  to  make  any  appreciable
movement in the cartridge-case, let alone push back the
turnover. If this happened the pressure developed would
be about 30 tons to the square inch, and such a pressure
would shatter the gun into fragments.

However, not only has such an occurrence never
happened with shotgun cartridge-cases and powders as
manufactured to-day, but it never could happen.

In order to cause the detonation of high explosives,
such as dynamite or gelignite, a detonator must be used.
This is a metal capsule which contains some substance
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such as fulminate of mercury ; and for use with ordinary
blasting explosives a detonator contains a minimum
quantity of 15 grains of fulminate of mercury. There
are, in fact, very few blasting explosives which can be
made to detonate by a detonator which contains less
than  7  grains  of  fulminate  of  mercury;  and  it  must  be
remembered that such explosives are peculiarly sensitive
to detonation.

But when shotgun powders are tested as blasting
explosives they are very insensitive to detonation;
and even the most sensitive require a detonator con-
taining at least 15 grains of fulminate of mercury to
produce detonation. So when the possibility of a
detonation occurring in a shotgun cartridge is being
considered, we must search for some detonating force;
and such a force will have to be the equivalent, at the very
least, of a charge of fulminate of mercury equal in weight
to nearly half the total charge of powder in the case of a
33-grain powder, or more than one-third of the total
powder charge of a 42-grain powder. But where could
such a colossal detonating force be hidden ? In the cap ?
Let us see.

High explosives, as has been seen, need a special
detonator to be placed in contact with them in order to
ensure their detonation. The sudden wave of intense
pressure set up by the detonation of the detonator causes
the  high  explosives  in  contact  with  it  to  detonate  also.

Now a shotgun cap cannot set up such a high wave,
and is consequently only an " igniter.” But since it
is well known that caps commonly used in shotgun
cartridges do contain a certain amount of fulminate of
mercury, let us consider why it is that they can only act
as igniters, and not as detonators.

It should be realised that detonators always contain
substances which will detonate on ignition. Such sub-
stances “ go off ” very rapidly; and, therefore, as
explosives they are only suitable for use as detonators
or igniters.

The composition in an ordinary percussion cap
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contains fulminate of mercury ; not only, however, is the
amount very small, but there are also moderating ingredi-
ents in the composition which destroy its detonating
capacity. Further, the total weight of the composition
is only about half a grain. And apart from the fact that
this small quantity is placed definitely in the safety zone
because of its moderating ingredients, half a grain is only
one-thirtieth part of the 15 grains which constitute the
minimum necessary weight to cause detonation of a
shotgun powder.

The function of a percussion cap is to produce a flame
which ignites the powder, just as a match ignites a
cigarette. And it is utterly impossible for a cap to
detonate the powder in a shotgun cartridge, both because
of the small weight of the priming composition and
the chemical ingredients which go to make up that
composition.

It now only remains to be seen whether it is possible
for the combustion of the powder charge to change into
detonation during the process of combustion.

There have been a number of definite instances when
burning masses of T.N.T. and some other explosives,
which were being accidentally consumed by ordinary
combustion, suddenly detonated. So the reader may
wonder whether it is not possible for the powder charge
in a shotgun cartridge to begin the process of conversion
into gas by the ordinary procedure of combustion, and
then suddenly to assume a detonating role and detonate
after a short interval of time, just as burning masses of
T.N.T. have been known to detonate after ordinary com-
bustion had been in progress.

It is true that in such circumstances no detonator
was required to produce the detonation. But there
are two factors which have always been present when
detonation has followed combustion in the cases of
burning masses of T.N.T. and other explosives : large
amounts of explosives were involved ; and considerable
time elapsed between the moment of first ignition and
the subsequent detonation.
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In the case of a shotgun cartridge both these factors
of quantity and time are lacking; for the weight of
powder is very small and the charge is totally consumed
within -003 of a second. Further, when large amounts of
shotgun powders have been deliberately destroyed by
burning, the jump from ordinary combustion to detona-
tion has never been observed.

It can, therefore, be definitely stated that detonation
subsequent to combustion is impossible in the case of
any ordinary shotgun cartridge. And even if this sudden
jump to detonation could take place, it could not occur
until the shot charge had moved some distance up the
bore— 3 to 4 inches at least. Were detonation then to
occur, the pressure generated would merely be the
closed vessel pressure for this distance, and wo^d not be
dangerous because of the large space in which the powder
gases would be contained.

So  it  will  be  realised  that  if  a  burst  is  ever  stated  to
be due to the detonation of an ordinary shotgun cartridge
an explanation is being offered which is not only un-
reasonable, but unthinkable. For, as has been shown,
a detonation is something so different from ordinary
combustion that there cannot be any confusion between
the two. And aU who are interested in shooting can
be assured that ordinary shotgun cartridges are abso-
lutely safe in this respect, and cannot, in any circum-
stances, detonate in a gun.

R E I N F O R C E D  A C T IO N S

It has been seen that the weakest part of the action
is the junction of the bar with the body, and that this
point can be strengthened by rounding the angle between
the bar and the face of the action. Actions, however,
can be strengthened still further by being so cut that
an extra thickness of metal is left round this angle.
Such an action is said to be " reinforced,” and there
can be no doubt that quite an appreciable increase in
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strength is thus obtained with only a shght increase in
weight.

Reinforced actions, therefore, can be used with ad-
vantage in the case of box lock guns which have no top
extension. But for ordinary side lock guns this type of
action is hardly necessary.

Another method of strengthening the action of a gun,
or rather of the attachment of the barrels to the action,
is by means of ” Side CUps.” These are small projections
on each side of the face of the action which prevent any
tendency of the barrels to move sideways. Since the
thrust of the discharge of the right barrel acts to the
right of the centre of the action body, and that of the left
barrel to the left of this centre, there must be a tendency
for the barrels to move sideways in relation to the body
of the action, and sometimes a slight horizontal looseness
can be developed. Side clips help to prevent this loose-
ness, and therefore add to the solidity of the attachment
of the barrels to the action. They can, accordingly, be
an advantage in guns which are habitually used with
high pressure cartridges. But in ordinary guns side clips
are quite unnecessary.

“ V E N A  C O N T R A C T A ”  G U N S

A type of gun known as the " Vena Contracta ”
was brought out towards the end of the nineteenth
century by Messrs. Lang. The principle underlying this
type of gun was that the chamber was of usual 12-bore
dimensions,  while  the  bore  of  the  gun  was  gradually
contracted until it became a 20-gauge. After various
experiments it was foimd that the best results seemed to
be given when the barrel was reduced in size to its final
dimensions about  6  inches  in  front  of  the  chamber.  The
effect thus obtained was similar to combining a 12-bore
chamber with a 20-bore barrel by means of a chamber
cone about 6 inches long.

The purpose of this system of boring was to reduce
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the weight of the forward part of the barrels, and so
improve the balance, and at the same time obtain a
slight reduction in the total weight of the gun.

But although the patterns obtained in various trials
were quite satisfactory, and the pressures were not found
to be excessive, the Vena Contracta gun never became
firmly established; and it seems probable that the
departure from the usual was too great to be justified by
the results achieved.

It  does,  however,  seem  possible  that  the  Vena  Con-
tracta principle might be used again by gunmakers in
their search for methods of reducing the weights of their
guns. I doubt whether the fuU contraction from a
i2-bore chamber to a 20-bore barrel will ever become
permanently established. But a reduction to 14-bore or
16-bore would not be nearly so startling and might
enable the gunmaker to fit 12-bore barrels of 27 or 28
inches in length, which would be lighter forward than a
full 12-gauge. Such a step woxild admittedly be con-
tradictory to the usual plan of enlarging the bore
slightly, in order to improve patterns ; and I do not put
it forward as a suggestion. The possibility of such
a system of boring, however, should be recognised,
although it could never become established without
exhaustive trials.

S H O R T E N IN G  B A R R E L S

A question which sportsmen are constantly asking is
whether it is possible to shorten an existing pair of
barrels  without  impairing  the  shooting  of  the  gun  to
which they belong.

It should be quite obvious that since the choke is
situated close up to the muzzle it would be quite im-
possible to remove any part of the muzzle without
interfering with the choke in some way or other ; which
can  only  mean  that  the  shooting  of  the  gun  must  be
impaired.
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The only type of boring which would not be affected

by shortening the barrels is an absolutely true cylinder :
and this boring is very rare.

It can accordingly be stated quite definitely that the
shooting capacity of a gun will be spoiled by the removal
of any part of the barrels at the muzzle end.

It is, however, possible for a skilled gunmaker to
separate  the  barrels  for  some  distance  from  the  muzzle
after they have been shortened, and then to swedge
the  ends  of  the  shortened  barrels  down  so  as  to  make
fresh constrictions. B y this means a fresh choke can be
introduced in any barrel; but the work is highly skilled,
and therefore expensive, while the results are not always
certain.

No sportsman should, therefore, definitely place an
order for such work without first consulting fully with
his gunmaker as to the chances of success. And if
the gunmaker is doubtful about the results likely to be
given by any particular pair of barrels, it will almost
certainly be better to buy a new pair than to shorten
old ones.

M I S S -F I R E S

When a miss-fire occurs the cartridge usually receives
the blame, but in the vast majority of cases the fault
lies in the gun.

As was explained in Volume II, there is a certain
standard of sensitiveness for British caps which is gauged
by the height from which a 2-ounce weight must fall on to
a cap in order to explode it. The standard height is
14 inches, but most caps will explode when the weight
is dropped from 12 inches, and some even when the
height is only 10 inches. It is, therefore, a simple matter
to test caps for sensitiveness ; and if they pass the
test the cause of the miss-fire must be searched for in
the gun.

As a general rule, when a gun gives miss-fires there
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is more than one cause, but the following are the principal
faults which can singly, or in combination, give rise to
miss-fires.

(1) A weak mainspring which gives a weak striker
blow.

(2) An incorrectly shaped striker which does not
indent the cap properly.

(3) The striker hole is not placed correctly, with the
result that the striker does not hit the cap in the
centre.

(4) The striker hole, or lock, or both, is clogged with
dirt or rust. This will impede the fall of the tumbler and
so reduce the strength of the striker blow.

(5) The mainspring is not properly seated, with the
result that its full expansion is attained before the fall
of the tumbler is completed, when a rebound action
takes place which checks the tumbler at the end of its
fall and reduces the force of the blow.

If miss-fires are experienced, the indentations made
by the striker in the caps of as many cartridges as possible,
both fired and those which have miss-fired, should be
examined.  It  very  occasionally  happens  that  the  cap
is  seated  slightly  below  the  level  of  the  base  of  the
cartridge ; but this can easily be seen if the straightedge
of a ruler is placed across the base of the cartridge. If the
cap is correctly seated, and the indentations appear
weak, the fault must lie in the gun, and it should then
be sent to the maker, or other competent gunsmith, for
examination.

W EIGH TS O F T R IG G E R PULLS

There is no recognised standard weight for the trigger
pulls of a shotgun, but the left barrel almost always has
a slightly heavier puU than the right because better
leverage can be obtained on the rear trigger, and if too
light it might be jarred off when the right barrel is fired.
In single-trigger guns the leverage is the same for both
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locks, but even so experience has shown that a shghtly
heavier pull for the left barrel is by no means a disadvan-
tage, as this eliminates the risk of the right barrel jarring
off the left.

In  any  case  it  is  a  bad  mistake  to  have  trigger  pulls
too  light,  as  the  gun  is  then  far  more  liable  to  be  jarred
off  by  any  sudden  shock  or  bump,  even  when  it  is  at
“ Safe.”

On the other hand, if the trigger puUs are too heavy, it
is exceedingly difficult to release the tumbler without a
jerk, and this can so disturb the alignment of the gun
that a miss will be certain.

As a general rule, the trigger of the right barrel has
a  pull  of  from  to  4  lb.,  and  that  of  the  left  from  4
to 4J lb. These weights have been found by long experi-
ence to be the most satisfactory, and aU shooters will be
well advised not to have their pulls set outside these
limits.

D O U B LE  DISCH AR G E

Sometimes the recoil of the right barrel will jar off the
left lock, and when this happens there is a ” double
discharge.” This expression, however, is slightly mis-
leading because both barrels of a gun cannot be fired
absolutely simultaneously, since the second is fired as
the result of firing the first. Nevertheless the two barrels
go off with such a short interval of time between them
that they appear to be fired simultaneously.

There is no doubt that such a double discharge
imposes an additional strain on the action ; and if it were
to occur frequently, and the gun were not of best quality,
the barrels would probably be lifted off the face of the
action, even if more serious damage did not result.

There is no single cause for the apparent simultaneous
firing of both barrels, but the most common causes are :

(i) The weight of the trigger pull of the left barrel is
too light, with the result that the lock of the left barrel is
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jarred off by the recoil developed by the firing of the
right.

(2) The trigger of the left barrel protrudes slightly to
the right (in the case of a man firing from the right
shoulder)j  with the result  that  it  is  caught  by the trigger
finger after the first barrel is fired.

(3) The stock of the gun is too long for the shooter,
with the result that the trigger finger is involuntarily
slipped back on to the trigger of the left barrel.

P ISTO L G R IPS

A Pistol Grip to the stock is invaluable in a rifle,
as it helps to steady the hand when pressing the trigger.
In an ordinary shotgun, however, it is, I think, a mistake,
because it  gets  in  the way of  the  trigger  hand when it  is
slipped back after firing the right barrel to take up a grip
for the firing of the left. So a pistol grip tends to slow-
ness in the firing of the second barrel.

In a single-trigger gun, however, this does not apply ;
and if the owner of such a gun prefers a pistol grip there
is no reason why he should not have one.

And  in  the  case  of  heavy  wildfowl  guns  a  pistol  grip
can be an advantage as it helps the shooter to obtain a
firmer hold with his trigger hand, and so take more of the
recoil. With these guns extreme quickness is seldom
necessary for the second barrel.

SIN G L E-H A N D ED GU NS

Those shooters who have had the misfortune to lose
an  arm  must  suffer  a  great  and  inevitable  handicap.
But in spite of this handicap much can be overcome by
determination and perseverance, and although it is
extremely doubtful whether a one-armed man could ever
become a really good all-round shot, he might very
easily become quite a useful shot and derive real enjoy-
ment from this sport.
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But since a severe handicap is inevitable it is useless

to refuse to recognise its existence, and no one-armed
shooter should think of using a gun which has not been
adapted as well as possible to his peculiar require-
ments.

The first of these requirements is lightness ; but not
only in the total weight of the gun, but also in the weight
of the forward part. So it is essential that the centre
of inertia of the whole gun should be situated as far
back as possible. For this reason a 20-bore fitted with
25-inch barrels would seem to be a particularly good
weapon.

Then, since the trigger hand has to take the whole
weight of the gun and control the swing as well as press
the trigger, a special grip becomes absolutely necessary.
A good big pistol grip will be, for this reason, an advan-
tage.  But  the  best  grip  of  all  is  that  devised  by  Messrs.
Woodward, which is really an abnormally enlarged and
specially  shaped  pistol  grip  in  which  recesses  are  cut  for
the thumb and individual fingers. This grip can be
attached to any gun and should be regarded as an absolute
necessity for a one-armed shot.

And  since  the  shifting  of  the  grip  which  is  necessary
for firing the left barrel of a double-trigger gun might
easily make the shooter lose his control of his weapon, a
single trigger becomes equally necessary.

Two other points which deserve special consideration
are ease of opening and closing, so as to render the
work of loading as simple and safe as possible. For this
reason an efficient self-opening gim will prove a great boon.

And finally, a rubber recoil pad wiU probably prove a
welcome relief, as recoil will always appear heavier since
there  is  only  one  arm  available  to  help  to  receive  it.
Further, if the recoil pad is well varnished it will not
tend to stick to the coat and the butt will slip more
easily into position against the shoulder.
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G U N  H EA D A CH E

About twenty years ago some correspondence appeared
in the Field on the subject of Gun Headache, and various
contributors expressed the opinion that the real cause
was a disordered liver, or over-indulgence in food, drink
and tobacco. This explanation may be true in a certain
number of cases, but I am quite sure that it is not true
for  a l l ;  as  I  know  men  who  are  models  of  sobriety,  and
non-smokers to boot, and whose livers are reported to be
perfectly normal, who yet suffer from gun headache. In
many of these cases, however, the sportsman has suffered
some severe injury earlier in life, and it seems that any
serious  injury  to  the  head  may  possibly  cause  a  predis-
position to gun headache.

The late Dr. C. J. Heath, who was not only President of
the Wildfowlers’ Association but who also gained a
high position in the medical profession, assured me that
gun headache is really nothing more than a form of
mild concussion produced by the repeated recoil. As a
layman I will not attempt to offer any opinion on this
statement, beyond saying that it certainly explains the
fact that cartridges which develop a severe recoil are
always more likely to cause gun headache than lightly
loaded cartridges.

In any case, the remedy undoubtedly lies in reducing
the recoil by the use of lightly loaded cartridges; and
sometimes only 30 grains of a 33-grain powder are used
in conjunction with but of an ounce of shot in em
ordinary 12-bore 2l-inch cartridge. These very light
charges, however, are not always effective against game
unless they are very carefully loaded ; and consequently
it is usually better to try first a combination of 33 grains
of some 33-grain powder and i ounce of shot. If this is
still too heavy a load the powder charge can be reduced
to  32  grains.

Different kinds of powder, however, can also be tried
with advantage, and it seems to be a fact that many
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sportsmen have been cured of gun headache by a change of
powder. There can be no definite rule, as powders
apparently affect individuals differently; and I have
known at least one case of a sportsman who could only
use BaUistite with comfort. Sufferers from gun headache
should experiment for themselves, first by reducing the
shot charge to i ounce, or slightly less, and then tr5dng
different loads of 33-grain powders. In no case should
any 42-grain powder be used, as these develop a heavy
recoil, and for the same reason very light guns should be
avoided.

“ R O C K E T ”  CA R TR ID G E S

Tracer  bullets  have  been  used  in  rifles  for  so  long
that many shooters have probably been surprised that no
serious attempt seems to have been made until quite
recently to evolve an efficient tracer cartridge for shot-
gun work. As a matter of fact there has been quite a
number of different trials in the past, but none proved
very satisfactory; for the manufacture of an effective
tracer shotgun cartridge is a very different affair from that
of a tracer rifle bullet. In this last case the bullet itself
provides accommodation for the tracer compound, and the
pressure generated in any modern nitro rifle is more than
enough to ensure ignition of this compound.

For it is the question of pressure which is the greatest
difficulty which must be surmounted in the manufacture
of a tracer shotgun cartridge. In Volume II the impor-
tance of certain properties of a cap flame were duly
emphasised. The flame, which is in reality burning gas,
impinges  from  out  of  the  cap  chamber  on  to  the  powder
under considerable pressure; and it is this pressure
with which it is forced on to the powder, as well as the
actual temperature of the burning gases, which results
in the proper ignition of the powder charge.

The problem of igniting the tracer compound is
not dissimilar, as the two same factors are again essential:
temperature and pressure. The temperature produced
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by the combustion of the powder charge in an ordinary
shotgun cartridge is sufficient; but the pressure is on the
low side.

And there is yet another difficulty in the case of a
shotgun cartridge which does not arise in a rifle buUet,
which, as has already been stated, provides ready accom-
modation for the tracer compound. The pellets in a
charge of shot are too small to act as such vehicles, and
experiments made in coating them with substances which
give off smoke have not been encouraging, because the
amount of substance which will remain on the pellets wUl
be too slight to produce much visible effect. Y et the
shot charge must be normal, or one would not obtain
correct data.

These difficulties, however, were overcome after
exhaustive trials, and the “ Eley Rocket Cartridge ”
was the result.

One of these original Rocket cartridges is shown in
section in Plate XX III, from which it will be seen that
an extra pellet was added to act as a vehicle for the
tracer compound. The addition of this extra peUet, or
capsule, was really the only important difference between
a Rocket cartridge and an ordinary game cartridge.

The capsule in question was just over J inch long and
about I inch in diameter, comprising a small cylinder of
copper, which is closed at the front end and left open in
rear, with a “ head ” of lead attached to the closed front.
This lead is added to provide the necessary weight and
in the original cartridge was inserted inside the copper
cylinder, which was the full length of the capsule and
was, indeed, the capsule itself.

But later the capsule consisted of two parts ; the short
copper cylinder and the separate lead head which was
riveted on to the front of the copper cylinder. The tracer
compound was contained in the cylinder portion of the
capsule, which was seated in the centre of a ij-inch felt
wad which replaced the usual card over-felt wad. To
make room for this wad the ordinary felt wad was not
so thick as usual.
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In order to allow the flame from the burning powder
charge access to the tracer composition, both the card
over-powder wad and the usual felt wad were perforated
with a hole in their centres.

And so it wiU be realised that the only divergence
from the normal was the use of a perforated over-powder
card wad ; a somewhat thinner and perforated felt wad ;
and a second felt wad, which held the tracer capsule,
instead of the card over-felt wad.

The shot charge was the standard ounce, and the
powder charge was also standard. The effect was that the
ballistics developed by this cartridge were in every way
normal, and the shot charge behaved in exactly the same
manner  as  the  shot  charge  from  an  ordinary  cartridge  as
regards pattern and velocity.

When the cartridge was fired the burning powder
ignited the tracer compound, which kept burning as the
capsule followed its trajectory for about 65 yards from the
muzzle of the gun. The trajectory was thus defined by a
bright line of flame when viewed from a flank, or by a
bright  spot  of  light  when  seen  by  the  shooter  himself  or
someone close to him.

In order to test whether the tracer capsule flew in
the middle of the shot charge I tried a number of
these cartridges on a pattern plate, and found that in
every single case the mark of the tracer pellet was,
for all practical purposes, in the middle of the pattern,
never being more than 9 inches away from the exact
centre.

I must confess that I am quite unable to offer any
explanation as to why this tracer capsule did fly so
centrally, and am forced to the conclusion that such
good results must be dependent on the most careful
loading. If the capsule were not inserted quite straight
it might not have flown so accurately.

Theoretically these Rocket cartridges would appear
to offer a degree of help which is so enormous that their
use may seem almost to be unsporting. In actual
practice, however, the help which they gave was not so
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easy to interpret as many would think. Anyone who
has had much experience of tracer bullets will corrobo-
rate this point of view.

The reason undoubtedly is that any tracer projectile
which carries some burning composition leaves a trail of
light which defines the actual trajectory. This trail of
light— or spot of hght as it appears when viewed from
the gun— hangs momentarily in the air and one is instinct-
ively inclined to correct on the trajectory thus defined.
In  doing  so,  however,  one  forgets  that  the  target  is
moving all the time, and so the relative distance between
the target and the defined trajectory is not the same as
that between the target and the passing projectile.

In the case of a miss behind a tracer cartridge— either
gun or rifle— invariably exaggerates the error ; while in
the case of a miss in front the error appears smaller than
it actually is.

On one occasion when I was using a Rocket cartridge
in the field I killed a crossing pheasant, and the trace
was clearly visible passing just under the root of its
tail. The gun next to me gleefully smacked the seat of his
“ plus fours ” as an indication of where my shot had
gone ; but the Rocket cartridge had libelled me grossly,
because the bird was killed stone dead and was hit in
the head.

This exaggeration of errors is helped by what is termed
“ persistence of vision,” which is the inability of the brain
to discard any image formed on the retina immediately
that image is removed. For the image can exist only so
long as the object which forms it is actually in the field
of vision ; but there is a time lag in the brain’s dismissal
of the image.

If  it  were  not  for  this  time  lag  there  would  be  no
apparent continuity of movement when watching a
cinema film and each photograph would appear as a
separate picture; and the series would be seen as a
succession of fixed positions, each differing slightly from
its predecessor, when the movement would appear as a
series of jerks.
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Similarly this time lag on the part of the brain, which

renders  it  impossible  to  discard  any  image  on  the  retina
immediately, causes one to continue to see the fore-
shortened trace after it has actually burnt out. And so
the apparent hanging of the trace in the air is rendered
longer by persistence of vision and the bird has more
time in which to change its position relative to that of
the trace as fixed on the retina.

The original tracer capsule weighed about the same as
a pellet of S.S.G. shot and such a pellet can inflict an
unpleasant wound at over lO O yards. But, as has
already been pointed out, the later form of capsule
consists of two parts : the lead head and the copper
cylinder, the former being riveted to the latter. As the
tracer composition burnt during flight the riveted part
of the lead was fused by the heat until finally the lead head
and the copper cylinder separated, just as the last of the
tracer composition was consumed.

The result was that two light projectiles replaced one
comparatively heavy one and consequently any tendency
to serious risks was almost negligible.

But although Rocket cartridges cannot, and do not,
damage a gun, the use of steel shot can, and does. It
is difficult to understand how any ordinary shooter can
think of using steel shot, as the hardness of the shot
would, one have thought, be so obvious that the risk of
damage to a barrel should be equally obvious. But a
few years ago several pairs of barrels were sent to I.C.I.,
all of which had been used for firing steel shot— probably
small ball bearings. The cartridges used were loaded
with small steel balls, mostly about J inch in diameter,
and the damage comprised deep scores in the bore, from
the chamber to the muzzle, or to the site of the burst,
if there was a burst, for these were fairly common.

It can be stated quite definitely that the use of steel
ball bearings, or steel pellets of any sort, will invariably
score the barrel, even if the ball bearings are copper
coated. If sufficiently large they will actually distort
the barrel or cause a burst. Damascus barrels usually
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burst about one foot or more from the breech. In the
case of steel barrels a burst will usually occur at the
muzzle— ^probably due to the check to the shot charge
on entering the choke.

Some  years  ago,  within  the  space  of  a  few  weeks,  no
less than five pairs of damaged barrels— all showing the
same type of damage— ŵere sent to I.C.I.

This suggested that some person, or persons, without
being aware of the danger involved, was, or were, loading
cartridge cases with steel ball bearings, or pellets of steel.

It cannot, therefore, be emphasised too strongly that
the use of steel pellets of any size in shotgun cartridges
constitutes a source of real danger, both to the gun and
the  actual  user  of  the  gun.

In the past there have been isolated cases of this
nature, but the more recent experiences suggest that
some person, or persons, was, or were, using steel balls
for home loading of shotgun cases without, apparently,
any  idea  of  the  potentied  danger  for  himself  which  he
was laying up.

E X T R E M E  R A N G E

A question which is constantly cropping up is that
of the possibility of danger to beaters or spectators at
ranges of 200 yards and over. This is merely another
way of asking what is the extreme range of an ordinary
shotgun, so the question needs an answer.

It is very generally believed that the maximum range
of either a rifle or a shotgun is obtained with an angle of
elevation of 45 degrees. This would be true were the
shot fired in a vacuum, but the resistance of the air makes
a considerable difference, and the maximum range is
actually  obtained when the barrel  of  the  rifle  or  shotgun
makes an angle of a little over 30 degrees with the hori-
zontal ; and for all practical purposes it is sufficiently
accurate to state that the maximum range is given by
an angle of elevation of 30 degrees.

It  is  probable  that  the  best  information  available  in
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connection with this subject is that obtained experi-
mentally some years ago.^ Series of shots were fired
from an ordinary 2^-inch 12-bore gun with standard
cartridges on a dead-calm day along a perfectly straight
canal. The gun was fired from a rest, and the different
elevations were obtained with a clinometer, while several
observers with stop-watches took the times of flight.

^ The calculation of extreme ranges is not an easy problem, because
the velocities of the shot charges drop below the lowest values given
in any ballistic tables. The best method to adopt is the “ Quadratic
Rule ” method, but even this necessitates assumptions which cannot
be definitely proved. The late Mr. F . W. Jones, however, evolved
an  empirical  formula  for  the  range  of  shot  pellets  when  the  gun  is
fired at an angle of 30 degrees elevation. Since this formula is based
partly on the experimental results obtained with No. 6 shot it may
need modification should further experimental results be obtained
with different shot sizes. Consequently I will avoid any details of
the method employed for obtaining the formula, which i s :

S  =  C X 40748 X log + 26

where  S  is  the  Range  in  feet,  and  C  the  Ballistic  Coefficient  of  an
individual shot pellet.

The late Major J. H. Hardcastle gave me a rough empirical formula
some years ago for the extreme range of shot which has the merit
of simplicity. This formula i s :

f t  -  ^500

where R is the extreme range in yards and N the number of pellets
to the ounce.

This  formula  is  really  an  assumption  that  the  range  for  an  eleva-
tion  of  30  degrees  is  directly  proportional  to  the  Ballistic  Coefficient
and there is certainly neither theoretical nor experimental evidence
for different shot sizes to support this assumption. Nevertheless,
Major Hardcastle’s formula probably gives results which are suf-
ficiently  near  the  truth  for  all  practical  purposes  for  shot  sizes  which
are  close  to  No.  6,  but  the  more  the  shot  size  varies  from  No.  6  the
greater will be the error.

W ith Mr. Jones’s formula the extreme ranges for B B, No. 2 and
No.  6,  are  respectively  328,  282  and  226  yard s;  while  with  Major
Hardcastle’s  formula  these  ranges  are  365,  310  and  232  yards.
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The actual results obtained were as follows :

Elevatioa
in degrees. 3 10 15 so *5 30 35 40 30 60 70 80 90

Range in feet 365 500 580 640 680 700 695 680 605 495 350 185 0
Time of flight

6-39in seconds I*6l 3-03 4-29 5-41 7-23 7-95|8-57 9-54 10-15 10-58 10-98 11-28

So if it is assumed that the extreme range for any
ordinary shot size is just under 250 yards the error will
not be material.

V E R T IC A L  R A N G E  A N D  T E R M IN A L  V E L O C IT Y

Akin  to  the  question  of  extreme  range  is  that  of  the
vertical  range,  or  the  height  which  the  pellets  of  a  shot
charge will attain when the gun is fired vertically upwards.
This question is of little practical value, but is quite
frequently being asked by shooters with an enquiring
turn of mind. In the case of No. 6 shot the vertical
range is about 120 yards. Larger and smaller shot will
attain greater and lower heights respectively, but the
difference will not be much.

Another question dealing with the same subject is
also common, namely, why is it that the shot charge does
not return to the ground after being fired vertically
upwards with the same velocity with which it started ?

In a vacuum, where there is no air resistance, a pro-
jectile fired vertically would return to the point of
departure with exactly the same vertical velocity as that
of projection. This theoretical condition, however, can-
not exist in actual practice on account of the resistance
of the air.

This resistance prevents the projectile from going so
high as it would in a vaccuum, and so, for this reason
alone, it would not attain the same speed when it re-
turned to the point of departure as it would have
acquired in a vacuum, because it would not have so far
to fall.
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Further, during its return to earth the velocity which

the projectile acquires through gravity is reduced by the
air resistance, and so there is a second reason why the
velocity of the projectile when returning is less than that
with which it started.

All  shooters  know  how  a  charge  of  shot  will  often
drop almost like rain. The reason for its low velocity
when falHng is, however, not entirely to be found in
the reduced height which it attains owing to the resi-
stance of the air but also in what is known as " Terminal
Velocity.”

When a pellet of shot, a bullet or shell, a bomb, or
an5d;hing else for that matter, is falling the only force
which is puUing it downwards is that of gravity, and
this force is directly proportional to the weight of the
falling body. But the faster any body moves through
the air the greater becomes the air resistance, and when
any projectile is falling from a height there comes a point
when the force of the air resistance becomes equal to the
force of gravity.

Once this point has been reached the projectile con-
tinues to descend with uniform velocity. If the air
resistance tends to slow it down a bit gravity at once
takes charge and pulls it down faster; but directly a
certain speed is attained the air resistance becomes
sufficiently powerful to put on the brake. Thus it
happens that the two forces, one positive and one negative,
balance each other when a certain speed has been reached
and so prevent the projectile from falling any faster.
This critical speed is known as the " Terminal Velocity.”

It  wfil  be  realised  that  this  terminal  velocity  is
dependent on two things : the force of gravity acting
downwards and the air resistance acting upwards. The
former is dependent on the weight of the projectile;
the latter on its capacity for overcoming air resistance.
A big-diametered, blimt-nosed projectile will not slip
through the air so easily as a long, lean and sharply
pointed one, while a spherical ball will be affected more
by air resistance than any elongated bullet or shell. And
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so, other things being equal, a spherical ball wiU have a
lower terminal velocity than an elongated bullet of the
same weight because the latter can travel faster through
the air before the critical degree of air resistance is
created.

The existence of terminal velocity will be appreciated
when one considers falling rain. This velocity naturally
varies with the size of the drops, but can never be anything
but very low which explains why rain does actually fall
so gently, although when the drops are big they come
down more heavily.

It is exactly the same with a charge of shot and the
terminal velocity of No. 6 shot is only round about 30 f.s.,
which explains why it drops so gently.



C H A P T E R  X X

THOUGHTS ON SHOOTING

OUR study of the whole subject of the Gun and
the Cartridge is now complete, and it is with
some diffidence that I add this final chapter.

I have felt, however, that it might not be out of place
to offer a few ideas rather than suggestions on some of the
problems which are inseparable from the actual use of a
shotgun in the field. Hitherto, throughout all three
volumes, I have been dealing to the best of my ability
with definite facts ; and it is with reluctance that I leave
them in order to air purely personal views, which may
possibly not be shared by readers who are more com-
petent to instruct in actual shooting than I am. But my
own experience in the past has convinced me that there
are many beginners who are but too anxious to obtain
some help from books. So it is for them, and them alone,
that I am attempting this chapter, even though I am sure
that shooting, just hke casting a fly, can never be learnt
from the written word. At the present time the actual
handling of a gun in shooting is taught most efficiently
at numerous shooting schools. Yet it is probable that
when certain definite facts are understood the beginner
may be able to profit aU the more from shooting school
lessons.

Shooting with a shotgun means shooting at a rapidly
moving target; and the difficulty of shooting at any
moving target consists of firing at a point exactly the
right distance ahead so as to allow for the movement
of the target during the time interval between the
shooter’s decision to fire and the arrival of the projectile
at the target. In other words, the difficulty consists of
making the correct forward allowance.

Now it was explained in Volume II and in Chapter
VIII of this Volume that the time interval which governs

449
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the forward allowance is really composed of three dif-
ferent and distinct periods, namely :

(1)  The  time  taken  from  the  brain’s  decision  to  fire,
to the actual pressing of the trigger, which may be called
the " Sportsman’s Time.”

(2)  The  Time  up  the  Barrel.
(3) The Time of Flight.
The Time up the Barrel and Time of Flight have been

dealt with fully, and can be regarded as comparatively
definite periods. If forward allowance depended solely
on these shooting would be much more easy— and
incidentally much less interesting— because practice and
experience would enable one to gauge the correct amount
of allowance required in var5ung conditions with fair
accuracy.

But the existence of the Sportsman’s Time brings in a
big complication. I remember, many years ago, seeing
a photograph of the start of a loo-yards race. This
particular race was won in quite good time, but the
interesting thing about the photograph was that it showed
the smoke of the starting pistol quite clearly while the
runners were aU in their original positions on the line
ready for starting. This proved that the actual signal
for  the  start  had  been  given  and  yet  not  one  of  the
runners had been able to act on that signal. It was
a striking example of the well known fact that the
human brain requires an appreciable time to react to
any signal.

Numerous scientific experiments have been carried
out in order to ascertain the extent and scope of this
reaction. Instruments have been devised in which some
signal is given by external means, either a flash, sound
or touch. This signal is called the Stimulus. The move-
ment made by the person under observation as the result
of the Stimulus is called the Reaction, and the time
between the Stimulus and Reaction is measured.

It  has  been  found  that  not  only  does  this  time  vary
very considerably with individuals, but that it also varies
on different days with the same individual. Further,
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that it is affected differently in different persons by such
influences as food, alcohol, tobacco and fatigue, both
mental and physical. This explains why some men can
shoot  better  after  lunch and others  worse  ;  and also  why
some are unable to shoot if they smoke, and others unable
to shoot if they do not.

But the main fact emerges that the Sportsman’s Time
can be a constantly varying factor, and it is this varia-
tion which adds so greatly to the difficulty of shooting.

In general terms there are two methods of shooting
at a moving target, by “ Intercepting ” or by “ Swinging.”

Intercepting consists of deliberately firing at some
point in front of the moving target, the whole of the for-
ward allowance being allowed for in the distance of this
point ahead of the target.

There are some men who can shoot in this way success-
fully, but I am sure that they are very rare. And I am
equally sure that no beginner wfll be wise even to attempt
it— except perhaps in two particular types of shot which
will be mentioned shortly— because the difficulty of
overcoming the constantly varying time element made up
of the Sportsman’s Time is so great as to be overwhelming
in the case of at least 99 per cent, of shooters, if not more.
On occasions aU of us have probably brought off success-
ful shots by intercepting ; but these occasions are usually
very rare, and I am inclined to think that success has
been due to chance more often than to skill.

The method of shooting which is almost universal is
to “ swing ” with the gun as the shot is taken. The
broad principle underl5dng this method is as follows.

Let us assume that a flat, vertical sheet-iron target is
moving across the shooter’s front at such a pace and
range that the correct forward allowance caused by the
Time up the Barrel and the Time of Flight is 10 feet.
Let us also assume that a bull’s-eye is painted on the
target exactly 10 feet to the left of the right-hand edge,
and that the target is moving from left to right. Then if
aim is taken at the right-hand edge of the target the
forward allowance will be correct and the bull will be hit
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provided the uncertain and variable time element of the
Sportsman’s Time can he eliminated.

This can be done by aiming at the right-hand edge of
the moving target without altering the aim until after the
trigger is pressed. In other words, if the gun is kept
swinging  so  as  to  he  pointing  the  correct  distance  in  front
of the moving object which it is desired to hit, and this move-
ment is maintained until after the trigger has been pressed,
the Sportsman’s Time is eliminated altogether because the
forward allowance has been kept the same throughout the
period occupied by the brain’s decision to fire.

The  whole  secret  of  "  Swing  ”  is  to  shoot  with  a
moving gun. This movement need not necessarily be
rapid, but it is essential that it should be maintained
until after the trigger has been pressed ; as if it is checked
before this pressure takes place no allowance will have
been made for the Sportsman’s Time, and a miss behind
will be the result.

When once the beginner has realised this fundamental
fact he, or she, will have made a big advance.

So far I have only considered swing in theory, and
I win try to suggest how theory can be translated into
practice. I am convinced that in aU ordinary shooting
it  is  useless  for  the  average  person  to  try  to  give  any
definite number of inches, feet or yards, as a forward
allowance.  But  it  may  be  useful  to  know  what  the
allowance should really be in certain cases, and to realise
that at long ranges it shoidd be more than double what it
is at short. Such knowledge helps to impress the neces-
sity of forward allowance upon one’s subconscious mind
and to make one shoot automatically.

For to be successful shooting must be automatic:
and it is impossible to be automatic if one is thinking
whether the allowance should be lo feet or 13. AU that
can be done is to realise that forward aUowance is neces-
sary, and to learn by experience how to make it correctly
without checking the swing.

In the most general terms the best way to do this is,
I beheve, to bring the grm up pointing behind the  taU  of
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a  bird  and  then  to  swing  the  muzzle  past  the  bird  in  the
direction of its flight; and when the muzzle has com-
pletely passed the head of the bird to press the trigger
without  checking  the  movement  of  the  gun  in  any  way.

It is almost impossible to estimate with any degree
of accuracy how far ahead of the bird the muzzle wiU
be pointing when the trigger is pressed. And I am sure
that  it  is  a  mistake  to  try.  In  the  parlance  of  the
shooting school instructor, one should “ blot the bird
out  ”  with  the  muzzle  of  the  gun  before  pressing  the
trigger. That is, for instance, in the case of a bird flying
from left to right, the muzzle must be swung sufficiently
ahead of the bird to hide it with the barrels. If this is
done successfully in the case of a straightforward shot
at normal sporting range a kill wiU probably result. For
it must be realised that this method of shooting makes an
automatic increase in forward allowance as the range is
increased because the method is dependent on the angular
distance which the gun points in front of the bird. This
angle becomes more or less constant, but if the range is
increased the actual forward allowance is increased in
proportion.

If the bird is missed, or hit in the tail,  the angle which
the gun is pointed ahead of the bird must be increased
by carr5dng the swing through a little further before
pressing the trigger. The extent of this “ foUow through ”
or " blotting the bird out ” can only be ascertained by
practice ; and it wiU naturally vary with the range, angle
of flight, and variety of bird. The principle, however,
is always the same whether the bird is fl}dng towards one
overhead or crossing from one side to the other.

It may help the beginner to imagine that his gun is
long  enough  to  reach  the  bird  and  that  he  must  try  to
ruffle its feathers up the wrong way by stroking it with
the  muzzle  from  tail  to  head.  In  fact  one  of  the  best
hints  I  have  ever  heard  for  dealing  with  high  pheasants
was that one should try to “ stroke them down.” I have
always thought that this phrase described exactly what
swing  should  be.  Nothing  in  the  nature  of  a  jerk  or
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hurried movement: but merely a steady follow through
until after the trigger has been pressed.

And  the  same  principle  applies  to  birds  flying  to-
wards one. In their case the gun cannot be pointed
behind  the  bird’s  ta i l:  but  it  can  be  pointed  just  below
the bird, when all that it is necessary to do is to give the
gun a “ lift ” with the left arm (assuming the shooter to
be  firing  from  his  right  shoulder)  which  wiQ  “  blot  the
bird out ” as before. If the trigger is pressed without
any check in this “ lifting ” movement the bird will
probably be kflled.

Different people derive different impressions from a
particular  word  or  phrase.  But  personally  I  have  found
that word " lift ” the greatest help in tackling approach-
ing birds such as driven partridges. To me it describes
exactly the movement I should impart to my gun barrels
with my left arm, and so I hope that it may prove of
equal help to some of my readers.

The going-away bird is often rising, and then it needs
almost exactly the same treatment. That is, the gun
should  be  "  lifted  ”  with  the  left  arm  and  the  bird
“ blotted out.”

When a going-away bird is not rising but flying quite
level,  or  else  when  it  is  dropping,  it  offers,  I  think,  one
of those two types of shot which should be intercepted.

The second of these types is the bird flying almost
straight overhead and away from one.

In both these cases it is almost impossible to swing
in any way and interception seems to be the only solution.
But it is not an easy solution, and some men find it
more difficult than others. Practice is the best, in fact
the only, means of obtaining proficiency.

Ground game, too, can be dealt with similarly. In
the case of a crossing hare or rabbit the beginner should
pretend to ruffle its fur the wrong way, or stroke its ears
forward over its face, with the muzzle of his gun. If he
does not foUow through sufficiently the splash of the shot
charge on the ground is almost always seen and will tell
him where he has missed.
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Anything in the nature of hurry is fatal. A good shot

is never hurried, although he is invariably quick. But
there is a great difference between being hurried and
being quick. A hurried shot is nearly always jerky, and
jerkiness tends to a check in the swing before the trigger
is pressed, which means a miss behind.

The  ideal  method  of  shooting  is  to  bring  the  gun  up
to the shoulder and swing through with the left arm in
one single movement. If one can cultivate this habit
one will  be  far  more likely  to  follow through without  any
check in the swing than if one shoots " by numbers,”
as a diiU book would put it. In fact, so quick is this
whole movement, including the actual pressure of the
trigger, that it is frequently believed to be “ inter-
cepting.” But it is not because the gun muzzle was still
moving when the trigger was pressed, and in " inter-
cepting ” the gun muzzle is stationary at the moment of
discharge. Some men bring the gtm up to the shoulder
in one movement, and then pause. They then aim
behind the bird and swing through. That is they make
two deliberate and separate movements. Frequently
they shoot quite weU. But I am sure that they are far
more prone to check their swing on days when they may
be a bit off colour than they would did they never make
a check between the movement of putting the gun to
the  shoulder  and  that  of  swinging  on  the  bird.  For  a
check is always liable to beget a check. Nothing can be
more infectious.

And if anyone acquires the habit of this shooting
” by numbers ” he will  be very liable to ” poke ” at going-
away birds. That is, he will press the trigger while the
gun is stationary. Many men who shoot well at driven
birds tend to “ poke ” when walking up. As a rule this
is because they bring the gun up to the shoulder in one
distinct movement and then try to " lift ” with their left
arms. The very fact that they check the rhythm of the
whole movement by stopping when the gun is at the
shoulder  means  that  the right arm controls the pointing
of the gun instead of the left. And this will almost
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always mean a check in the swing or lift. In such cir-
cumstances a man wUl usually miss a going-away bird
below with his first barrel because he has allowed the
right arm to take charge. He will then try to rectify
his mistake by giving a desperate lift with his left arm
and will probably miss high because he has overdone the
lift. If he brought the gun to his shoulder, lifted with
his left arm and pressed the trigger, in one continuous
movement the left arm alone would have control of the
barrels and a kill would be almost a certainty.

Another very common example of cause and effect
in the checking of swing is given by an overhead ap-
proaching bird which can be seen from a long way off.
The shooter watches the bird coming nearer and puts
his  gun  to  his  shoulder  in  readiness,  but  naturally  does
not begin to swing until the time for taking the shot has
arrived. But the fact that he has already checked
the rhythm of movement once when he waited for the
bird with his gun at his shoulder makes him check again
and he stops his swing and misses behind.

In such a case the shooter should wait until the bird
has come within shot before he begins to bring his gun up.

The whole question of swing is really dependent on
style,  and  good  style  is  just  as  important  in  shooting  as
in casting a fly or spinning bait or in any game. And
this brings us to another, and very important, point,
namely Footwork.

It is impossible to bring one’s gun up to one’s shoulder
and swing in correct style unless one’s arms are free to
move across the body. This means that the body must
be placed relatively to the arms in such a way as to allow
them the maximum of freedom for swinging the gun.
And  the  only  way  of  placing  the  body  is  by  placing  the
feet correctly. In other words, footwork. So important
is the correct placing of the feet that I am inclined to
think that it amounts to 70 per cent, of the total impor-
tance in shooting. For unless the stance is right it is
impossible  to  bring  the  gun  up  and  swing  through  in
good style.
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Footwork and swing can be practised with great

advantage at home indoors. The gun should be brought
up to the shoulder and swung past some point on the wall
or ceiling and the trigger pressed without the swing
being checked. This can be done again and again,
different “ targets ” being taken so as to vary the angle
as much as possible and thus render footwork necessary.

There is one point in connection with swing which
is not infrequently discussed, and that is its possible
effect on the flight of the shot charge. Some shooters
believe that the swing one gives the gun affects the
flight of the shot charge and imparts a corresponding
“  swing  ”  to  the  shot,  like  water  out  of  a  hose.

But there is no truth in this theory, as was explained
on  page  67.

Nor is there any truth in the theory that swing throws
the shot forward to any practical extent. It is true that
the actual velocity of the shot charge is the resultant
of the two velocities which act at right angles to one
another; namely, the velocity due to the combustion
of the powder which is imparted in the direction of the
bore, and the velocity imparted by the swing which acts
in a direction at right angles to the bore of the gun. The
former velocity, however, is so much the greater that the
latter has no practical effect whatever.

In aU the general types of shots which I have con-
sidered so far the assumption has been made that the
bird is flying straight. As a matter of fact birds as often
as not fly with a slight curl in the flight, and the greater
the curl the more difficult the bird is to hit. The amount
of  forward  allowance  may  be  correct;  the  swing  may  be
perfect; but allowance will not have been made for the
fact that the bird is not flying in a straight line ; and a
miss is then almost inevitable. Nothing can be more
baffling than a curling bird and it is difficult to offer
any useful advice. But the best tip I have ever been
given myself was a hint from a first-class shot who told
me to try to shoot just in front of the “ inside wing.”

Then there is a very general belief that birds are
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never missed in front. I suppose this idea gained
ground because the majority of birds are undoubtedly
missed behind. Feeling doubtful as to the impossibility
of missing in front, a good many years ago I questioned
one of the best shooting school instructors I have ever
known, and who has now been dead for many 3/̂ ears.
His reply was to the following effect:

“ If anyone can reaUy shoot at aU he will be able to
know fairly weU where he is missing. That is, he will
know if he is behind ; or under a crossing bird ; or too
much to one side ; and so on. But if  you ever get a run
of misses which completely mystify you, when you know
you  are  not  checking  your  swing,  then  you  can  bet  your
last shilling that you are missing in front.”

Some years later I was a guest at a covert shoot when
our host had a shooting school coach down for the day.
With great kindness he asked me whether I would like
this  man  to  load  for  me  during  one  stand,  and  naturally
I jumped at the offer. There were plenty of birds and I
had quite a good stand, but the coach assured me that
I had missed quite a number in front.

Two seasons later I was fortunate enough to have a
first-class shooting school coach loading for me through-
out the day at what was probably one of the most remark-
able pheasant shoots in the south of England. There
were four stands in the day and at two of them it was
exceptional to see a bird nearer the floor of the valley in
which we stood than 90 feet— and normally 60 feet up
makes a good high bird. Both the coach and myself
were astonished at the number of misses I had in front
— n̂ot so many as behind, but stiU quite a lot— and
thanks to his help I was able to correct these in a way
which I would never have done otherwise.

And since then I have ample confirmation of my own
tendency in this direction by the use of Rocket cartridges.
So I am quite convinced in my own mind of the fallacy
of the ” impossible to miss in front ” theory. In fact, I
do not see how anyone who has seriously thought about
the subject can hold i t ; and I can but pass on that old
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shooting school instructor’s advice that if you are ever
completely mystified as to where your shots are going,
assume you are missing in front and reduce your lead
slightly.

This brings me to another matter, that of " Calling
one’s shots,” or being able to say with fair accuracy where
the majority of one’s misses have gone. No man can be
regarded as even a moderately good rifle shot unless he
can say whereabouts his shot has struck the target
immediately  after  he  has  let  it  off.  That  is,  he  should
know whether the shot is high, low, to the right, or to
the left, according to how his sights were aligned at the
exact moment of the release of the trigger.

When shooting at flying game with a shotgun, it is
admittedly much more difiicult to call one’s shots than
it is when shooting at a fixed target with a rifle. Never-
theless, just as the rifle shot can say what his fault, if any,
was, so should the game shot generally be able to teU
what he has done wrong in the case of a miss. To be able
to detect one’s own faults is not difiicult, although it is, of
course, impossible to say whether one has missed a bird
behind by one yard or two. All that one should be able
to  say  i s :  " I  checked  my  swing  that  time  and  was
behind  ”  ;  or  “  I  saw  that  crossing  bird  over  the  top  of
my muzzle and so I was underneath.” It is never
possible to do more than generalise, but every shooter
should be able to do that.

And in this connection I am sure that rifle shooting
can be of the greatest help. I am aware that there is
a common belief that rifle shooting completely spoils
one for shooting with a shotgun. But like many other
common  beliefs  I  think  it  to  be  false.  In  fact  I  hold,
as I have stated, exactly the opposite view. I do not
suggest for a moment that a long course of target shooting
with a rifle is the proper immediate preliminary training
for a week at driven grouse or partridges. Rifle shooting
may, perhaps, tend to make some men " poke ” if they
use a shotgun directly afterwards. But an hour’s prac-
tice at clay targets, or even a couple of half-hours in a
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room swinging at imaginary birds will do much to eradi-
cate the “ rifle style ” and get one back into " shotgun
style.”

The real help that rifle shooting— and by that I mean
target shooting— gives is that it teaches so much about
shooting in general. One makes a certain definite mis-
take and sees the result on the target. In course of time
mistakes become fewer and the percentage of bull’s-
eyes larger, until one realises that the combination of
rifle and ammunition is capable of making bull’s-eyes
every time if only one will let it have a fair chance.

The combination of shotgun and cartridge similarly
needs a fair chance; and the mistakes which shooters
commonly make, and which prevent this fair chance
being given, are in some cases identical with the mistakes
made by the rifle shot. In rifle shooting, however, these
mistakes are more easily detected; and if a shooter has
once learnt to detect them with a rifle he will find that
he can detect them with a shotgun. And from detection
it should be but a short step to correction.

So it is for this reason that I believe that rifle shooting
can help in shotgun work.

By far the most common fault committed equally
by those who use rifles and shotguns is faulty trigger
pressure. It may have been noticed that throughout
these volumes I have invariably used the term ” pressure ”
to denote the pull on the trigger in preference to the more
usual term " pull.” I have done so purposely because
the trigger should always be pressed, and never pulled.
Anything  in  the  nature  of  a  puU  is  almost  bound  to  jerk
the gun or rifle in the hands and so change its alignment
at the very moment of firing, when the shot will obviously
go wide of the mark.

The trigger should be pressed by a quick yet absolutely
smooth movement of contraction of the trigger finger,
and  any  other  form  of  release  is  fatal  to  good  shooting.

Even the best of rifle shots will at times “ puU ” a
bad shot while the beginner wiU more often than not
”  puU  ”  nine  bad  shots  out  of  ten.  On  a  target  the
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results of such bad shots are obvious, and as the marks-
man becomes more proficient the number of " pulled ”
shots diminishes, with a corresponding increase in the
score.

But in shotgun work there is nothing to indicate
where the shots are going, and it- is quite possible for a
man to go on " pulling ” shot after shot and never
suspect the reason for his missing. In fact so common
is this fault of bad trigger pressure that I am inclined to
believe that more birds are missed each year through
this cause than through any other single fault, except
perhaps checking the swing.

Anyone can find out for himself quite easily whether
he has a tendency to “ pull ” his shots. All that he need
do is to get a friend to load for him and hand him the gun
ready loaded and then shoot at some fixed mark. Every
now and then the friend should load the gun with a
dummy cartridge so that the shooter wiU be taken un-
awares and snap an empty barrel when he thinks he is
going  to  fire  a  live  round.  When  this  happens  both  he
and his friend will be able to see the whole gun “ bob ”
when the trigger is pulled, and it should be obvious to
both that this " bob ” will be more than enough to jerk
the gun off its proper alignment.

The best cure for bad trigger pressure is constant
snapping with an empty gun. At first the gun can be
pointed at a stationary mark and snapped, and when
the shooter is satisfied that he can press the trigger with-
out moving the gun in the least bit off its alignment he
should practise swinging and snapping at the same time.

Incidentally it may be mentioned that the best test
of all for anyone’s trigger pressure is shooting with a *22
pistol. These weapons are wonderfully accurate, but
owing to their short barrels they are very sensitive to the
slightest suspicion of a jerk during the pressure of the
trigger. The man who can place all his shots within
a 3-inch circle at 20 yards with a -22 pistol can regard his
trigger pressure as being satisfactory, but until he can
do this he should lay no claim to proficiency.



462 THE MODERN SHOTGUN

Another  very  common  fault  in  both  rifle  and  shotgun
shooting is not holding the weapon with the barrels level.
If  the  barrels  are  tilted  over  to  one  side  the  shot  wiU  go
wide and low to the side down to which the barrels are
tilted. So this is another point which should be noted
during swinging practice and the beginner should cultivate
the  habit  of  always  keeping  his  barrels  dead  level  no
matter at what angle he is shooting.

Flinching at the shot wiU invariably cause a miss.
This can be detected in the same way as faulty trigger
pressure, that is by snapping an empty gun which was
believed to have been loaded. Probably the best remedy
is to shoot for a time with very lightly loaded cartridges,
as flinching is the outcome of undue recoil. It is for this
reason that it is always a mistake to start a young boy
with  too  heavy  a  gun.  A  *410  is  an  ideal  gun  for  a  boy
when he first begins, and when he is fourteen or fifteen
he can be promoted to a 28-bore, which should last him
until he is old enough to take a fuU-sized gun. I am
quite aware that some boys of sixteen shoot with 20-bores,
16-bores and even 12-bores with success. But I also
know  for  a  fact  that  many  others  have  been  put  off
shooting or have developed the habit of flinching through
being over-gunned. Many parents seem to forget that
a 20-bore can kick in a most unpleasant way, and there
can be no more certain method of putting a boy off
shooting  than  to  give  him  a  gun  which  punishes  him.
It is impossible to lay down any absolutely hard and fast
rule for all boys as to this question of size of gun ; but if
there  is  any  question  of  doubt  it  is  always  better  to  err
on  the  side  of  too  small  a  gun  than  one  too  big.

Two faults which belong rather to shooting with a
shotgun than a rifle are failure to bring the gun up
properly to the shoulder and what is known as " rain-
bowing.”

If the gun fits correctly, and the shooter nevertheless
fails  to  bed  the  stock  properly  into  the  shoulder,  the
reason is that he is too hurried. Unless the butt fits in
exactly the right place it is impossible to get the head
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down to the stock and so control the alignment of the gun.
So it should be clear that incorrect mounting of the gun
win almost always cause a miss. The shooter should
examine his bare shoulder at the end of a day’s shooting,
and if he sees any marks of recoil on his arm he will know
that he was not bringing his gun up properly all the time,
and that many of his misses were the result of this fault.

The cure is practice, and yet more practice, with an
empty gun.

" Rainbowing ” is a shooting school word and means
dropping the muzzle of one’s gun when swinging on a
crossing bird and so describing an arc of a circle with the
muzzle instead of a straight line. Of course when one
does this a miss below is inevitable. The root cause of
this fault is almost certainly an incorrect stance which
makes it difficult to carry the swing right through. As
a rule, one is only inclined to make a “ rainbow ” with
one’s gun muzzle when tr5ung to swing on a bird right
rotmd to the extreme right or left, and the better way to
take such a bird would generally be to move the feet and
so turn the body slightly before bringing the gun up.

Practice in swinging with an empty gun, however,
can be the greatest help, and it is really best to conduct
this practice in a room. For one can then swing along
the line made by the junction of one of the walls and
the ceiling, when one can see at once if the gun muzzle
is dropped.

So it will be seen that practice in swinging and snap-
ping with an empty gun indoors can help one to correct
almost all the common faults in shooting. This will not
come as a surprise to anyone who has had experience of
rifle shooting, as snapping and aiming drill are the best
forms of practice of any apart from the real thing, which
is naturally the best practice of all. But few people can
obtain unhmited practice at the real thing, and so it
should be remembered that even ten minutes a day in
one’s bedroom before turning in for the night can be
of the greatest use, while it also helps to develop the
muscles which one needs when shooting.
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But convinced though I am of the great possibilities
which can be derived from such practice I would sound
one note of warning. I have already referred to the
importance  of  good  style,  and  it  is  quite  possible  for  a
beginner  to  cultivate  a  really  bad style  so  thoroughly  by
solitary practice that he will find it very difficult to
eradicate later. So whenever possible I think that the
beginner should take a series of lessons at a shooting
school first of all. This wiU start him off in the right
way,  and  once  started  he  can  practise  on  his  own  to  his
heart’s content: for it is really just as easy to cultivate
a good style as a bad, provided only one begins in the
right way. Hawker, in his Instructions to Young Sports-
men, writes  that  he  would  rather  see  a  man  miss  a  bird
in  good  style  than  kill  it  in  bad,  and  the  reason  is  plain.
All that a man with good style needs is more practice
and confidence, while for a man with bad style there can
be little hope of his ever becoming a really good shot.
If he is satisfied with success obtained in the wrong way,
he can never improve.

The advent of the shooting school has really made
the biggest change in shooting for forty years. Not
only can the beginner get started in the right way, but
the experienced shot can benefit. An afternoon’s practice
at a shooting school just before the season opens is invalu-
able. Not only can one have one’s pet faults checked,
but  it  is  possible  to  practise  again  and  again  at  some
particular bird which seems to be peculiarly difficult.
Most of us have our favourite birds and our abominations.
It is satisfying, perhaps, to have a few shots at our
favourite birds ; but it is far more useful to go on practis-
ing at our abominations. A good coach, who sees the
shot in the air, can teU exactly what one is doing wrong
besides telling exactly where one’s shot is going. This
last is admittedly important, but the why and wherefore
is more so. And once some pet fault, perhaps only a
temporary lapse, has been detected and put right, snap-
ping  practice  at  home  with  an  empty  gun  wiU  help  one
to continue in the path of virtue.
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I have sometimes heard sportsmen express doubt

as to the possibility of a coach seeing the shot in the air,
and suggest that those who profess to do so are gifted
with exceptional imagination. Such a suggestion is
quite incorrect, for there is really nothing wonderful
about seeing the shot in the air,'*nor is it particularly
difficult to do so. Like many other things it is really
a knack which can be acquired by practice.

Probably the best way to begin to learn the knack is
to  watch  someone  else  shooting  with  a  revolver  at  50
yards. Stand behind him and as nearly as possible in
line with him and the target and watch the target through
a pair of field-glasses. The revolver bullet will then be
seen to hit the target almost as if some great bee had
settled on it. Once the bullet has been seen through
glasses it will not be difficult to see it with the naked eye
provided one keeps the eye focused on the target. The
mistake people make when trying to see revolver bullets
or  charges  of  shot  is  to  focus  the  eye  on  the  air  just  in
front of the muzzle and then try to catch the projectile
up. This is useless. One must allow the projectile to
flash into one’s field of focus and it is for this reason that
field-glasses can be of help at first, as they compel one to
focus on the target.

With glasses one should be able to see a revolver bullet
at 20 yards every time, but as the buUet is travelling
considerably faster at 20 yards than at 50 yards it needs a
bit more practice, and it is on this account that I suggest
that a start should be made at 50 yards.

A charge of shot is certainly more difficult to catch
than a revolver buUet, but almost anyone should be able
to acquire the knack in time. Stand close behind the
shooter in direct line with him and the target, which
should be a clay target thrown straight away at first.
Keep your eyes focused on the clay target and pay no
attention to anything else. The shot charge will then
suddenly appear as a little dim cloud above, below, to
the right, or to the left of the target. If the target is
actually hit you probably will not see the cloud, but if



466 THE MODERN SHOTGUN

the  shooter  misses  it  is  unmistakable.  Once  you  have
seen it you will see it again and again ; and you can then
try to catch it on crossing targets. After a time you will
find that you need not stand in absolute prolongation
with the line of fire, but the nearer you are to this line the
easier it wiU be to see the shot charge.

No one can ever see his own shot charge, as he cannot
have his eyes concentrated and focused correctly both for
shooting and seeing the shot.

Crossing shots at very long ranges present a difficulty
in addition to that of forward allowance which is not
always realised. This is the question of the allowance
necessary to counteract the drop of the shot due to
gravity below the line of aim. In ordinary shooting this
problem scarcely arises, because the larger effective
killing circle at long range makes a sort of automatic
compensation for the drop, at any rate up to ranges at
which shots can normally be expected to kill. At 40
yards, for instance, with an ordinary game gun no allow-
ance for elevation is really necessary, although at 50
yards it is certainly an advantage to make such allowance.
Usually, it wiU be sufficient to swing just over a crossing
bird, instead of just in line with i t ; and even at 40 yards
there is no harm in keeping well up on the bird during the
swing.

It  must  be  remembered,  however,  that  the  great
majority of shots are fired at an appreciable angle up into
the air, and that in such cases the actual divergence of the
shot from the line of aim must always be less than in
the case of a shot taken in a perfectly horizontal direction.

So I think it can be assumed without material error
that in ordinary game shooting the drop of the shot can
be disregarded apart from swinging a little over a very
wide crossing bird.^

^ Wildfowlers are frequently faced with a very different problem,
for  they  may  have  to  take  shots  even  up  to  100  yards  at  fowl  on
the water, which means a horizontal line of aim, and therefore the
necessity for the maximum allowcince for the drop due to gravity.
Accordingly this point of view deserves consideration.

The  first  thing  to  remember  is  that  only  large  shot  is  likely  to



THOUGHTS ON SHOOTING 467

Another question which sometimes crops up is that
of the effect of wind on shot pellets. Does a strong
crossing wind, for example, deflect the shot charge to any
appreciable extent ? Does a strong head-wind reduce
the velocity of the shot sufficiently to effect penetration ?
And are different sizes of shot affected to var5dng degrees ?

Such are very reasonable questions which need answers.
It can, then, be assumed that for all practical purposes

of sport wind has no appreciable effect on shot pellets.
It is true that a strong wind blowing across the line of
fire must give the pellets a slight deflection. But this
deflection rarely amounts to as much as 10 per cent, of
the total forward allowance required on a crossing bird.

be used in such circumstances, and so the effects of gravity on small
shot need not be considered. This is not an unimportant point
because  a  somewhat  rough  and  ready  method  of  calculation  will
give results which are close enough for all practical purposes for large
shot, although the same method would not be equally applicable to
smaU shot.

This  method  is  merely  to  assume  that  the  drop  of  the  shot  below
the line of aim is the same as that due to gravity in the time available
(that is the time of flight) without taking into account the reduction
due to the resistance of the air. In the case of small shot (No. 6)
this reduction will be appreciable: but in the case of large shot, such
as B B, it will be almost negligible for the short periods of time under
consideration.

The  drop  due  to  gravity  is igt* feet, where g is the acceleration
of  gravity  (32*2  ft.  per  sec.  per  sec.)  and t is  the  time  of  flight  in
seconds. This result is given in feet. The time of flight for any
given  range  and  any  given  observed  velocity  will  be  found  in
Tables X IV and X V in Volume II.

As  an  example  it  will  be  seen  from  Table  X V  in  Volume  II  that
for  an observed velocity  of  900 f.s.  and a  range of  90 yards  the  time
of  flight  of  a  charge  of  No.  i  shot  is  0*5 of  a  second.  This  gives  the
drop at this range to be approximately 4 feet. Similarly, from
Table  X IV  in  Volinne  II  we  find  that  the  time  of  flight  of  a  charge
of BB shot for an observed velocity of 850 f.s. and a range of 100 yards
is  0*5980  of  a  second,  which  gives  a  drop  at  this  range  of  about
11} feet.

Drops such as these are quite enough to make an appreciable
difference  in  shooting,  and  so  wildfowlers  should  remember  to  make
adequate allowance by aiming well above the birds when taking
horizontal shots at extreme ranges.
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The effect of a contrary mnd is even less. For when
shooting into the teetti oi a scrong wind the velocity oi
No. 6 shot woold be the same at 39 yards as it would
normally be at 40 yards in still air.

Nor does the size of pellet in ordinary use make anj?
difference. It is true that a strong cross-wind will deflect
sraall shot, such as No, 7, more than large, such as No, 4.
But the difference in the degree of deflection is so slight
as to be negligible.

The proper  use  of  the  safety  slide  is  a  common source
of disagreement. When walking up, should the gun be
kept at “ safe ” or should it be at full cock ” ? This
last, but so common, expression is, of course, quite incor-
rect. If a harnmerless gun has been loaded and not fired
the locks must always be at full cock , the safety slide
merely bolts the triggers.

Personally I think that the best use of the safety slide
is entirely a matter of early tuition and practice, I am
sure  that  the  best  method  is  to  keep  the  slide  at  "  safe  ”
until the actual moment of mounting ilie gun to fire.
The safety should be pushed forward with the tliumb as
the gun is brought to the shoulder and tins movement
of the thumb should be incorporated automatically into
the whole movement of bringing the gun up. But I also
think that this system should be taught when the beginner
first stasis to handle a gun, and the more youthful the
beginner is the better. Once the habit has been acquired
it becomes quite automatic and quite apart from any
questions of safety it confers one great blessing on the
shooter who has acquired i t : he is never caught “ at
safe ” when confronted with a sudden chance and so
fails to get a shot off. For the shooter who has been
trained, or has trained himself, to push forward the
safety slide as he mounts the gun is always “ at safe ”
when the gun is not at his shoulder, and so when some
sudden and unexpected chance occurs he brings his gun
up and fires exactly as he is always accustomed to bring
his gun up and fire.

I do not wish to appear even to suggest that those



A n  U n u s u a l  M e t h o d o f  L o a d i n g

The  photograph  on  the  left  shows  the  cartridges  being  instarted,  the  right  arm  being  brought  under  the  butt.
the gun it is only necstssary to raise the right elbow

H
t-i
y.

In order to close
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who  normally  keep  their  guns  at  the  ready  are  not  safe
shots. But I do believe that the " always at safe ”
system is the better, partly because those who have
learnt it are never taken by surprise and partly because
there can be no denying the fact that a gun with the
triggers bolted is less liable to be discharged by a fall
than one in which the triggers are free.

The truth really is that there are only two classes of
people who handle firearms : those who are safe and those
who are not. I would feel more comfortable with a
neighbour who belonged to the first class but who carried
his gun “ at the ready ” than with one who belonged to
the second class even though he did always keep his gun
at " safe.” Incidentally members of the first class
always open a gun to see if it is loaded whenever they
pick one up or put one down; members of the second
class do not.

And  now  for  my  last  point  of  all.  For  reasons  of
safety it should be a habit when loading always to ” bring
the  stock  up  to  the  barrels  and  not  the  barrels  up  to  the
stock.” That is, the barrels should be kept pointing
towards the ground throughout the process of loading.
One day when out partridge driving I learnt what struck
me then, as it still does, as being a most interesting tip
for loaders. I noticed that my neighbour’s loader
reloaded with his right arm underneath the stock instead
of over it as usual; and so when an opportunity occurred
I asked for enlightenment. This I received ; and I was
so impressed by the advantages of this, to me, unusual
method that I think that some of my readers may be
equally interested.

The two photographs in Plate X X III convey better
than any words how this manner of loading is achieved.
In the left-hand photograph the gun is broken and held
by  the  left  hand  in  the  usual  way.  The  right  arm,
however, is placed underneath the stock and the cartridges
are inserted as shown. In order to close the gun all that
it is necessary to do is to raise the right elbow in the
manner shown in the right-hand photograph.
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The advantages of this method lie in the fact that
the stock is always brought up to the barrels, and so
the gun is Ikept pointing doAvnwards ; while guns which
are at all stiff to close can be snapped to with the greatest
ease owing to the leverage obtained by the right elbow.

My mentor told me that his various loaders had found
that this method had required a little getting into, but
that once they had acquired the knack they preferred
it to the more usual method and found it both quicker
and easier.
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T Y P I C A L  P A T T E R N S  A T  D I F F E R E N T  R A N G E S

^HE  following  patterns  have  all  been  reproduced  from
photographs of actual results obtained on plates and
card  ta rg e ts ;  and  th ey  can  be  regarded  as  being

typ ical  good  patterns.  It  is  possible  to  obtain  so  m any  varia-
tions th at I have purposely only taken the patterns given b y
ordinary 12-bore 2^-inch game guns bored True Cylinder, Im -
proved Cylinder, H alf Choke and Fu ll Choke. Borings of Quarter
and Three-Quarter Choke w ill natu rally give results intermediate
to those shown.

In order to enable the reader to compare the total spreads
of the shot charges and the densities of the patterns given b y -
smaller bores w ith those yielded b y an ordinary 12-bore, I have
included some patterns of 16- and 20-bores and a -410.

In  every  single  instance  the  load  is  the  standard  for  the  bore
and  length  of  cartridge,  and  the  shot  is  N o.  6  except  in  the  case
of the -410, when N o. 7 was used, as No. 6 would have given
results which would have been so open th at th e y would have
been difficult to assess properly.

One ty pical Cartwheel and one typ ical “ scattered ” pattern
have also been included in order to emphasise the difference
between good patterns and bad.

The patterns are all reproduced to the same scale except the
first  four,  in  which  the  shot  marks  would  have  been  too  close
together to distinguish them individually unless the scale had
been increased. B u t the actual diameter of the circle is 30 inches
in each case.

471
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12-b o r e  2i-INCH  TR U E  C YL IN D E R  A T  lo  YA R D S
L o ad : 33 grains Smokeless Diamond and i ^ ounce of No. 6

Load : 33 grains Smokeless Diamond and i ounce of No. 6
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L oa d : 33 grains Smokeless Diamond and i - j f ounce  of  No.  6

la-B O R E  aJ-INCH  F U L L  CH O K E  A T  lo  Y A R D S
L o a d : 33 grains Smokeless Diamond and 1 j f  ounce  of  No.  6
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12-b o r e  2J-INCH  TR U E  CY LIN D E R  A T  20  YA RD S

Load : 33 grains Smokeless Diamond and i ^ ounce of No. 6



APPENDIX 4 7 5

12-b o r e  2J-INCH  IM PRO VE D  C YLIN D E R  AT  20  YA RD S

Load  :  33  grains  Smokeless  Diamond  and  1  ̂  ounce oi No.  6

Q
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12-b o r e  2i-INCH H A LF CH OKE A T 20 YA R D S

Load : 33 grains Smokeless Diamond and i ounce of No. 6



APPENDIX 477

12-b o r e  2i-INCH FU LL CH OKE AT 20 Y AR D S

L oa d : 33 grains Smokeless Diamond and i ounce of Ko. 6
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la-BO R E  2»V1NCH  TR U E  C YL IN D E R  AT  30  YA R D S

Load : 33 gra .ns Smokeless Diamond and i ^ ounce of No. 6
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12-b o r e  24-INCH  IM PRO VED  C Y LIN D E R  AT  30  YA R D S

Load: 33 grains Smokeless Diamond and ounce of No. 6
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12-BO RE  2J-INCH  H A LF  CHO KE  A T  30  Y A R D S

Load : 33 grains Smokeless Diamond and i -fg ounce of No. 6
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12-b o r e  2J-INCH  FU L L  CHO KE  A T  30  YA R D S

Load : 33 grains Smokeless Diamond and i ^ ounce of No. 6
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12-b o r e  2J-INCH  T RU E  CY LIN D E R  A T  40  Y A R D S

Load : 33 grains Sijiokeless Diamond and I ^  ounce  of  No.  6
127 Pellets in 30-inch circle
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3 2-b o r e  2J-INCH  IM PRO VED  C Y LIN D E R  A T  40  YA R D S
Load ; 33 grains Smokeless Diamond and i ounce of No. 6

142 Pellets in 30-inch circle
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12-b o r e  2J-INCH  H A L F  CHO KE  A T  40  YA R D S

L oa d :  33  grains  Smokeless  Diamond  and  i  ̂  ounce  of  No.  6
173 Pellets in 30-inch circle
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12-b o r e  21-i n c h f u l l c h o k e a t  40  Y A R D S

L o ad : 33 grains Smokeless Diamond and i ^ ounce of No. 6
207 Pellets in 30-inch circle



HT'
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12-b o r e  2i-INCH  FU LL  CHOKE  A T  50  YA R D S

Load : 33 grains Smokeless Diamond and 1 ^ ounce of No. 6
133 Pellets in 30-inch circle
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A T  40  YA R D S
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APPENDIX 489

16-BORE  2J-INCH  IM PRO VED  CY LIN D E R  A T  20  Y AR D S

L o ad : 28 grains Smokeless Diamond and } ounce of No. 6
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16-BORE  2J-INCH  F U LL  CHOKE  A T  20  YA R D S

Load:  28  grains  Smokeless  Diamond  and  J  ounce  of  No.  6
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20-B ORE  2J-IN CH  H A L F  C H O K E  A T  20  Y A R D S

Load  :  2a  ^ a ias Smokeless Diamond and I ounce of No. 6
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20-BORE  2J-INCH  FU LL  CH OKE  A T  20  YA R D S

L o ad : 24 grains Smokeless Diamond and } ounce of No. 6
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•410  2J-INCH  FU LL  CH OKE  A T  20  Y A RD S

L o ad : io | grains Smokeless Diamond and ] ounce of No. 7
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16-BORE  24-INCH  IM PRO VED  CY LIN D E R  A T  30  Y A R D S

Load : 28 grains Smokeless Diamond and J ounce of No. 6
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20-BORE  2i-INCH  H A LF  CH OKE  A T  30  YA R D S

L oad :  24  grains  Smokeless  Diamond  and  }  ounce  of  No.  6
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16-BORE  2J-INCH  FU LL  CH OKE  A T  30  Y A R D S

Load : 28 grains Smokeless Diamond and J ounce of No. 6
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20-b o r e  2J-INCH  FU LL  CH OKE  A T  30  Y A R D S

L o ad : 24 grains Smokeless Diamond and J ounce of No. 6
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16-BORE  24-INCH  IM PRO VED  CY L IN D E R  A T  40  Y A R D S

L o a d : 28 grains Smokeless Diamond and 4  ounce  of  No.  6
107 Pellets in 30-inch circle



APPENDIX 499

Load  :  24  grains  Smokeless  Diamond  and  }  ounce  of  No.  6
134 Pellets in 30-inch circle
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20-BORE  2i-INCH  FU L L  CHOKE  A T  40  Y A R D S

L oa d : 24 grains Smokeless Diamond and | ounce of No. 6
145 Pellets in 30-inch circle
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•410  2i-INCH  FU LL  CHO KE  A T  40  YA R D S

L o ad : lo j grains Smokeless Diamond and f ounce of No. 7
50 Pellets in 30-inch circle
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----- narrow  head,  II,  90
----- ov er-rid in g ex tractor. III, 295
----- p a p er  tu bed,  II,  83-91
----- pegam oid , II, 152
----- p erfect, II, 92, 93, 124
----- steel,  II,  94
----- th in brass, II, 92, 93
---- unlined,  II,  90
----- w aterproo f, II, 88, 89
----- w ater-resisting, II, 90
----- zinc, II, 93, 94
— obstructio n caused by fa u lty .  III,  381,

382, 383, 384
— 2-inch 12-bore, III, 217, 347
— undersized, accidental insertio n of,

III,  217,  380, 381
Ca rtridges, A l l Brass, III, 352
— A lp ha m a x , III,  192
— A m erica n, II, 152, 154
— B elg ia n F.N., II, 93, 94, 124, 126; III,

349. 352
— d anger o f too lon g. III,  352, 359
— effect o f c lim ate on, II, 99, lOo
 tem p eratu re on, II, 99, 100
— fu lly crim ped, II, 123-6

Cartridges,  German,  II,  94,  126
— high velocity. III, 106, 174, 175
— Holland and Holland, II, 126
— Italian, II, 93; III, 353
— maximum. III, 175, 176, 192, tg8, 200,

207, 264, 327
— rocket. III, 438-44, 458
— Ro.ttweil, II, 94, 126
— “Soft,” III, 106, 163, 174
— storage of, II, 98-100
— stored in heat, danger of. III, 353
— undersized. III, 346, 347
— wire. III, 84
— zinc, HI, 349, 352
Cartwheel Patterns, III, 72-4, 102
Case-Hardening,  I,  139,  140
Cases, Gun, III, 300, 301
Cast, III, 245-9
— how measured, HI, 258, 259
— off. III, 245, 255, 257, 259
— — how measured, I, 130
— — stock, fully. III, 249
— on, HI, 245, 255, 239
---- how measured, I, 130
Caulille, Cooppal, III, 192, 193
Cellulose, II,,47
Chamber Brush, III, 284
— cap, II, 73, 74, 75, 76, 77, 78, 79, 81
— cone, II, 39; III, 46, 65, 73, 265, 288,

340, 382
---- definition of, I, 21
---- length  of,  I,  36
— definition of, I, 18
— dimensions of, I, 35, 36
— lengthening of. III, 330
Charaberless  Guns,  III,  191,  265,  266
Charcoal, II, 313
Charge, Excessive Powder, III, 342, 343
---- shot. III, 343, 344
— nominal, II, 154
— reduction in standard shot. III, 196,

197
Chasse Tir des Fusils de, II,  261
Cheek, Bruised, III, 257
Chemical Balance, II, 127
Chequering, I, 137; III, 277
Chlorate, Potassium, II, 62, 63, 64, 65,

67, 70, 71
Chloride, Potassium, II, 63, 64, 68, 69,

70; III, 294
—  Sodium,  II,  68
Choke,  II,  218,  268,  270
— classification of. III, 24, 25
—  cone  of,  in ,  20,  21,  22,  23,  24,  376,  377
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Choke, Description of, III, 20-4
— disadvantages of. III, 107-10
— effect on pattern of. III, 32-4
— lifted. III, 276, 377
— modified. III, 24, 25
— parallel of. III, 20, 21, 22, 23, 24, 376
— points of. III, 24, 25
— position of. III, 376
— proof marks for. III, 311, 312
— recessed. III, 22, 23, 376
— slight, advantages of. III, 106, 107
Chopper Lumps, I, 26-8, 30, 108, 151
Chronograph, II, 178-85, 239, 261, 269
— Jervis-Smith  Tram,  11,  256
Classification of Arms for Proof, III,

305, 306
Clay  Targets,  Guns  for.  III,  262
---- minimum patterns for, III, 262
Cleaner, Leather, III, 281, 282
— Loop, III, 282, 283
— "Marble,” III, 281, 282
— Young’s Semi-Liquid, III, 285, 293
Cleaning after Wet Day, III, 291-3
— appliances. III, 279-87
— firearms with water, II, 69, 70
— materials as obstruction. III, 375,

377- 378
— ordinary. III, 287-90
— rods. III, 279, 280
Clermonite, II, 58
Climate, Effect on Cartridges of, II,

99, 100
------- powders of, II, 50
Clips, Side, III, 431
Closed Vessel Pressures, III, 336, 337,

364. 365. 367
Closing, Ease of. III, 222, 223
Cock, Himalayan Snow, III, 207
Cocking,  Ease  in,  I,  73,  82-6
— cam. III, 223
—-lever,  or  “ Dog,”  I,  60,  82
 how  sited,  I,  82,  86
— spring, I, 168
Coco-nut Oil, III, 285
Coefficient, Ballistic, II, 253, 254, 255,

257
—-of reduction, II, 254, 265
 shape,  II,  253,  254
Cogswell and Harrison Cleaning Oils,

III, 285, 288, 289
------- Hand-Guard, III, 249
------- Polishing Paste, III, 286
Cold, Effect on Ignition of, II, 50

Collodion, II, 44
— cotton, II, 45
Comb, III, 240, 244, 256
Combustion Affected by Pressure, II,

32
— importance of products of, II, 37, 38
— incomplete. III, 54, 415
— of powder, II, 26-36
------- how controlled, II, 29-36
— temperature of, II, 313
— time of. III, 427
Company,  Gunmakers’,  III,  304
Comparison of Caps, II, 78
- — powders, II, 49, 50
Compass, Pattern, III, 29, 31
Composition, Cap, II, 63-7, 73, 74, 75,

76,  77,  80
Compression of Action Springs, III, 294,

295
Compressors, I, 176, 177
Concentrator, Edwards, III, 87-9
— Lancaster, III, 86, 87
Concoidal Fracture, III, 405
Conditioning Room, II, 84, 85
Cone Based Cases, II, 46
— chamber (see Chamber)
— choke (see Choke)
Conhdence, Importance of. III, 107,

113, 209
Constant Volume Loading, II, 146
Construction of Cap, II, 73-81
Continental Caps, Large, II, 78, 151
— powders, II, 58, 59, 60
Continuus, II, n o
Contractile Bullets, III, 269, 270, 271,

272
Converted Muzzle-Loaders, III, 390
Cooppal Caulille, III, 192, 193
— powders, II, 58
Copper-coated Shot, III, 159
Copper Sulphocyanide, II, 65
Cordite, II, 29, 30, 31, 38, 39, 46, 47;

III. 337. 375. 426, 427
— Mark I, II, 47
— M.D., II, 47
Cork Wads, II, 103, 104, 149, 233, 234,

236, 237
Corona, II, 58
Corrosion, II, 24, 37, 39, 40, 68, 70, 79,

80; III, 277, 296, 388, 389
Cost of Guns, III, 260, 261
Coswell  Oil,  III,  291,  292,  293
Cottesloe, Lord, II, 108, 262
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Cotton, II, 47
— collodion, II, 44, 47
-N itro , III, 366
Covers, Gun, III, 300
Crack Detection Fluorescent, III, 398,

408, 411
---- magnetic. III, 398, 408, 411
Crimp  Turnover,  II,  92,  94,  123-6;

n i. 34.35. 52. 70.73. 74. 79. 105,
111, 188

Crimping Machine, II, 129
Cross Bar, I, 178
— bolt top extension, I, 49-52, 106;

111, 358
— pin, I, 38
Cross-eyed Stock, III, 249
Crushers, Lead, II, 138, 139, 140, 141
Cunirid, III, 286, 287, 288
Curling Birds, III, 457
“ Cut Offs,” II, 96, 97 .
---- danger from. III, 383
Cylinder,  II,  270,  271
— improved, disadvantages of. III, 105,

106
---- meaning of. III, 24
— true, disadvantages of. III, 102-5

Damascus Barrels, I, 20, 2i; III, 339,
340

Deeley Ejector, I, 110-12, ii8 , 119
Definitions  of  Parts  of  Action,  I,  37-9
— of parts of barrels, I, 17-20
Definitive Proof, I, 131; III, 306, 307,

308, 309, 314, 315, 316, 406, 407,
411

Deformation of Shot Pellets, II, 111,
112, 113, 199, 200; III, 26, 46, 49,
61, 115. *59

Dense Powders, Definition of, II, 55
Density  of  Gases,  II,  315
---- loading, II, 146, 147, 203, 315
---- powder, II, 25
Dents, III, 298, 299, 384, 395
— how detected. III, 276
Departure, Angle of, I, 222
— line of, I, 222
Destructor Bullet, III, 271
Detection, Fluorescent Crack, III, 398,

4*1
—-magnetic crack. III, 398, 411
Detonation, III, 426-30
Detonator, III, 427, 428
Diameter of Projectile, II, 168, 169
 shot pellets, II, 117, 253

Diamond, Smokeless, II, 48, 56, 203,
216, 233, 243, 246, 290, 291, 292,
293, 294, 296, 299, 300, 301, 302,
303, 304, 310, 313, 315, 316; III, 27,
138, 169, 170, 198, 201, 208, 270,
273. 337. 338. 356. 426

---- modified, II, 7, 56; III, 191, 192,
201, 356

Diamond Grip, I, 137
Dickson, Messrs., I, 12, 142
— "Round" Action, I, 146-55
Discharge, Double, III, 435
Discs for Left-eyed Shots, III, 249, 250,

25*
Dog, Cocking, I, 60
Doll’s-Head Top Extension, I, 48, 49
Dot, Hercules Red, II, 60
Dovetailed Lumps, I, 26, 27, 30, 31
Drop of Barrels, III, 223
---- shot. III, 466, 467
Duck, III, 100, 112, 172
Du Pont  MX,  II,  60,  176
Dynamite, III, 426

Ease of Closing, III, 222, 223
---- loading. III, 223
---- opening. III, 222
---- putting gun together. III, 223, 224
Easyflow, III, 390, 391
E.C., II, 49, 56, 215, 216, 217, 233, 240,

246,  288,  296,  297;  III,  337,  356
Edwards Concentrator, III, 87-9
Effective Range, Increase in. III, 187,

188
Efficiency of Caps, Comparison of, II,

77- 78
---- locks, comparison of, I, 73, 86-8
------- effected by ejector, I, 121, 173,

179
------------- rebound, I, 100, 179
------- increased by roller, I, 147
------------- swivel, I, 65-8
Einstein’s Theory, III, 255
Ejecta, II, 230, 232, 245, 250
Ejector, Baker, I, 119-21
— Boss, I, 142-6
— Deeley, I, 110-12, 118, 119
— Dickson, I, 151-4
— Greener, I, 157, 158
— guns converted from non-ejector, I,

121
— Holland, I, 113, 117
— Lancaster, I, 170-2
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Ejector. Purdey, I, 177-9
— Southgate, I, 112-19
Ejectors, Comparison of Different, I,

118, 119
— conversion to. III, 329
— general description of, I, '104-12
— regulating of, I, 118
— timing of, I, 118
Elastic Limit, III, 333, 334, 336, 337,

338, 339. 340. 357. 368, 390. 405
Elasticity, Mathematic Theory of. III,

334
— of steel. III, 332-4
Elcho Match, III, 141
— Shield, II, 242
Electric Welding, III, 300
Electrolyte, II, 68
Electrolytic Action, III, 280
Elements, Ballistic, II, 133; III, 43, 160
Elevation, Angle of, I, 221, 222
Eley Bros., II, 151
— Wire Cartridge, III, 84
Energy Governing Penetration, II, 219,

220
— minimum eifective, II, 219, 220
— striking, minimum necessary. III, 125
Engraving, I, 138, 139
— Purdey, I, 139
Erosion,  II,  24,  37,  38,  39,  66,  67,  79:

III, 277
Errors in Aim, Permissible, III, 101,

102, 108, 179
Escapes, Gas, II, 78-81
Eskimos, II, "176, 177
Ether, II, 48
Etude des Pressions Ondulatoires, III,

364
Explosive Mixture in Cap, II, 63-71
Explosives, Blasting, III, 427, 428
—  high.  III,  426,  427,  428
Extension, Top, III, 233, 356, 402, 403
---- cross-bolt. III, 358
Extraction, Primary, I, 109, 117, 120,

153> 163, 171, 179
Extractor, Cam. I, 106, 109, 110, 117,

120, 163, 180
— definition of, I, 19, 20
— description of, I, 104-7
— legs, I, 104-9, t>7-  ' 5 L 152
—  mark  caused  by  pressure.  III,  359,

360
— stop pin, 1, 20, 106
— toe, I, 106

Extractors, III, 292, 295
— for ejector guns, I, 108, 109
Extreme Range, III, 444-6
Eye,  Master,  III,  240-5

Face, Action, I, 37
- o f f the. 111, 275, 299, 360, 361, 435
------- how remedied, I, 38
------- meaning of, I, 38
Factor of Safety, III, 406, 407
Factors Affecting Pressure, II, 145-55
---- velocity, II, 199-219
— governing capacity for retaining ve-

locity, II, 168-70
---- recoil, II, 229-^1
Fatigue, III, 405, 406
Felt, Hair, II, 102
— substitutes for, II, 103-7
— wad (see Wad)
— wool, II, 102
Feltine, II, 104, 105
Fibrous Powders, II, 34, 35, 49, 50
Field, The, II, 18, 113, 240, 241, 256,

257, 260; III, 12, 20, 81, 94, 119,
129, 134, 135, 136, 174, 270, 287,
345. 346, 437

Field  Pendulum  Gun,  II,  238,  239,  282,
283

Finger, Bruised, I, 124, 190: III, 256
Fisher, Mr. J. Herbert, III, 254
Fit of Stock, I, 129, 130
Fitting  a  Gun,  Conditions  to  Be  Ful-

filled  in.  III,  239
------- for appearance. III, 257, 258
---------- comfort. III, 255-7
---------- direction. Il l, 245-55
---------- elevation. III, 242-5
---------- length. III, 240-2
Flame, Cap, Pressure of, II, 75
---- temperature  of,  II,  66,  70,  75,  77
Flannel  Patches,  III,  281,  283,  288,  290
Flats of Action, I, 37
— of barrels, I, 19, 37
Flaws,  III,  330,  388,  391-4,  396,  397,

398,  405,  406,  407.  412,  417,  418.
423. 424

— in barrels, I, 21, 23, 24
Flight, Time of, II, 160, 161, 162, 163,

167, 191-3, 198; III, 178, 184, 450,
451

Flinching, III, 462
Flint Locks. II, 61, 161, 162, 163
Flip, I, 11, 223-7
— barrel. III, 229, 231, 243
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Flip, Effect on Fit o£ Gun of, I, 226
— how measured,  I,  225
Fluid Compressed Steel, I, 22-4
Fluorescent Crack Detection, III, 398
Flux, Brazing, I, 28
— corrosive action of, I, 34, 35
— soldering, I, 35
F.N. Cartridges, II, 93, 94, 124, 126;

IM. 349. 35a
Footwork, III, 209, 456, 457
Force Gauge, II, 178
Fore-end, I, 33, 39, 60-2, 68, 82, 85,

n o , 119, 122, 125, 126, 137, 162,
230; III, 224, 225, 456, 457

— Anson, I, 126
— Deeley, I, 126
— hinged, I, 231
— snap, I, 126
— wood for, I, 126-9
Fork, Tuning, II, 267
Formula, Bursting, III, 339
— extreme range. III, 445
— Gunmakers’, III, 335, 398, 419
Forsyth, Rev. Alexander, II, 61, 62
Forward Allowance, II, i6 i, 164, 167
---- beyond 50 yards. III, 184-6
---- details of. III, 178, 179, 181
---- factors affecting. III, 177-81
---- reduction in. III, 180, 187
— lump, I, 19, 41, 44, 45, 155, 161: III,

292, 300
Fosberry, Colonel, III, 268
Fracture, Appearance of. III, 397, 402,

417, 418
— concoidal. III, 405
French Powders, II, 59; III, 366
- T ,  II,  59,  70
Friction, II, 315, 316
Front, Missing in. III, 183, 458, 459
Fulminate  of  Mercury,  II,  64,  65,  66,

71; III, 428
Funnel, II, 128
Fusils de Chasse, Tir, des, II,  261

Game, Ground, III, 198, 454
Game and Gun, I, 13; II, 17, 18, 266;

III, 12, 192, 193, 230, 347
Gape,  III,  223
Gas Escapes, II, 78-81; III, 277
— inclusion of. III, 392
— tight cartridge-cases, II, 87, 90, 154,

155
Gases, Powder, I, 230, 233, 313

Gauge, Force, II, 178
— for choke. III, 274
— minimum, II, 136, 137, 216, 238, 286
—  of  barrels,  I,  17,  18
— size  of,  how measured.  III,  313
Gauges, Sizes of, I, 234
Geese, III, 98, 207, 313
Gelatine, Blasting, II, 44
Gelignite, III, 427
German  Powders,  II,  59
Gladstone, Mr. Hugh, III, 96
Glass,  Powdered,  II,  77
Gloves, I, 190
Grain of Steel, III, 391, 398, 399, 401
Grant and Lang, Messrs., I, 174
Granular Condition of Steel, III, 397,

402
Gravitation, Laws of. III, 255
Gravity, Acceleration of, II, 467
— specific, of lead, II, 253
Grease,  III,  285,  293
Green, Messrs., I, 233
Greener Ejector, I, 157, 158
— "Empire" action, I, 157-60
— “ Facile Princeps" action, I, 155, 156
— Mr. W.W., I, 13, 50, 51, 90, 107; III,

20, 226
— Messrs., I, 14, 49, 56, 80, 142, 185
Greys (or flaws), I, 21
Griffith, Mr. R. W. S., II, 257, 259: III,

12, 64, 71, 75, ii8, 119, 120, 121,
122, 123, 124, 129, 130, 133, 138,
155

Grip, Diamond, I, 137
Grips, Definition of, I, 19
— quadruple, I, 56
— treble, I, 56
Ground  Game,  III,  198,  454
Grouse, III, 93, 95, 113, 163, 188
Guard, Trigger, III, 242, 256
Gun and Its Development, The, I, 11,

50, 90; III, 20
Gun Cases, III, 300, 301
— covers. III, 300
— fitting (see Fitting)
— headache, II, 246; III, 437, 438
— Pendulum, II, 17, 238, 239, 282, 283,

285, 286
— try. III, 241, 237
Guncotton, II, 34, 47
Gunmakers’ Association, the, I, 35; II,

136
Gunnery, Text Book of, II, 254
Gunpowder, II, 41
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Guns,  Ball  and  Shot,  III,  267-9,  271,

305
—  burst,  II,  45,  52
— charaberless, II, 191, 265, 266
— clay target. III, 262, 263
—  cost  of.  III,  260,  261
— effect on pressure of, II, 137, 151,

152
------- velocity  of,  II,  209,  210
— heavy, disadvantages of. III, 214, 215
—  Over  and  Under,  III,  231,  243
— paradox. III, 268
— pigeon. III, 263
— punt. III, 266, 267
— putting away for season. III, 293,

294
— ribless. III, 297
— second-hand. III, 274-8
— single-handed. III, 436, 437
— Vena Contracta, III, 431, 432
— weights of, II, 165, 167
------- governed by recoil, II, 226, 231
------- minimum, II, 249
— wildfowling. III, 264-7
— wire-wound. III, 409
— wood pigeon. III, 263, 264

Hair Felt, II, 102
Half-Cock, I, 101, 102
Hammer, Time of Fall of, II, i6o; III,

178
Hammond-Smith, Dr. H„ III, 94
Hand-Detachable Locks, I. 185-8
---- Holland, I, 188
---- Lang, I, 188
---- Westley Richards, I, 185, 186
Hand-Guard, Cogswell and Harrison,

HI, 249
Hang Fires, II, 161
"Hard Shooting” Guns, II, 210
Hardcastle, Major J. H., Ill, 445
Hardness of Shot, III, 61
Hares, III, 141, 207, 454
Harmet Steel, I, 24
Hawker, Colonel Peter, II, 161, 162:

III, 19, 161, 464
Head, Brass, II, 85, 86, 93
— iron, II, 86
Headache, III, 437, 438
— gun, II, 246
Heat, Effect on Cartridges of. III, 353
------- steel  of,  I,  29,  30:  III,  340,  397,

402, 403, 423
— evolved on combustion, II, 314

Heath,  Dr.  C.  J.,  I ll ,  191,  265,  266,
437

Heats, Specific, II, 314
Heavy Guns {see Guns)
Heel, III, 240, 244
Heel-Plate, I, 135
Hercules Red Dot, II, 60
Hickman, Mr., II, 266
High Explosives, III, 426, 427, 428
High Pheasants in Theory and Prac-

tice, III, 117
High-Velocity Loads (see Loads)
Himalayan Snow Cock, 111, 207
Hinge Pin, I, 41, 43, 45, 55
Hislop Wad, II, 106
Hodsock Ballistic Tables, II, 263, 264,

265
Holding, Effect on Pattern of. III, 66-8
Holland and Holland Ejector, I, 113-17
------- hand-detachable lock, I, 188
------- Messrs., I, 12, 113, 139, 142, 192,

233:  III,  68,  139,  241
------- self-opening mechanism, I, 12,

160-6
------- single trigger, I, 197-201
Home Loading, II, 127-30
Hook of Lump, Definition of, I, 19
Hooke's Law, III. 334
Hopper, II, 51, 52
Huff.  Dr.  Wilbert  J.,  II,  68
Humidity of Atmosphere, II, 69, 71
Hydrogen, II, 314

I.C.I., Ltd., Ill, 55, 192, 347
Ignition, Affected by Cold, II, 50
— danger  from faulty,  II,  382,  383
— time of, II, 161; III, 178
Imperial Chemical Industries, Ltd., II,

17, 18, 85, 89, 94, 266, 267
Improved Cylinder, Disadvantages of,

III, 105, 106
---- meaning of. III, 24
Inclusion of Gas, III, 392
---- slag. III, 392
India, Best Boring for. III, 112
Indian-Field-Shikar Book, III, 96
Indicator, I, 64
Indoor Practice, III, 463
Inertia, I, 133. 220; III, 229, 231, 232
Ingot, III, 391, 392
Instructions to Young Sportsmen, II,

162: III, 464
Intercepting, III, 451, 452, 454
— safety, I, 69, 70, 72, 150, 155
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Interceptor Method, II, 17
Interlocking Action, Woodward, I, 232
Iron Head,  II,  86
— lining, II, 87, 90
— pyrites, II, 61
Italian Cartridges (see Cartridges)
Ivatt, Mr. H. A., I l l, 134

Jags, III, 282, 283
Jelly, Mineral, II, 47, 48, 49; III, 285,

293
Jervis-Smith Tram-Chronograph, II, 256
Jeweller’s Rouge, III, 286
Joining Tubes for Barrels, Methods of,

I, 25-8, 30, 31
Jones, Mr. F. W., II, 18, i6i, 254, 262,

263, 313; III, 12, 130, 140, 445
------- experiments with bursts. III,

368-73
Journee,  General,  III,  83
Jump, I, 222-5

“ Kick," II, 133, 134, 228
Kieselghur, II, 44
Kinetic Theory, II, 315
Knuckle, I, 60, 61, 82, 85, 106, 111, 116,

120, 125, 144, 162, 163, 178, 232
— definition of, I, 39

Laminated Steel, I, 21
Lamination, III, 399, 418
Lancaster Ejector, I, 170-2
— Messrs., I, 12, 142, 174, 233; III, 86,

87
— Mr. Charles, I, 104
-"Tw elve-T w enty” action, I, 166-74
Lancet, the. III, 254
Lang, Hand-Detachable Locks, I, 188
— Messrs., I, 12, 174, 192; III, 431
— “Over and Under” gun, I, 233
— single trigger, I, 212-14
Law, Hooke’s, III, 334
Laws of  Motion,  II,  226
Layering, III, 399,418
Lead, II, 109
— crushers, II, 138, 139, 141, 142
— price of, II, 111
— specific gravity of, II, 253
— styphnate, II, 67, 71, 72
Lead or Leed, II, 39
Leather Polisher, III, 281
Legs, Extractor, I, 104-9, " 7> 'S '- *5*
Length of Barrels (see Barrels)
---- stock, how fitted. III, 2401-2

Length of Stock, How Measured, I, 129,
130; III, 240, 258

Lethal Bullets, III, 269, 270, 271, 272
Letters to Young Shooters, III, 266
Lever, Action. I, 37, 43, 44
— bottom, I, 37
— cocking, I, 60, 82: III, 289
— firing, I, 60
— side, I, 37
— top. I, 37
Lifted  Choke,  III,  276,  377
Limit, Elastic (see Elastic)
Lining, Iron, II, 87, 90
Load, Meaning of. III, 160
Loading, II, 116, 117, 119, 127-30
— constant volume, II, 146
— density, II, 146, 147, 203, 315
— ease of. III, 223
— home, II, 127-30
— machines, II, 51, 117, 119, 147
— novel method of. III, 469, 470
— tray, II, 128
Loads, II, 249
— comparison of different. III, 172, 173
— details of, III, 195-203
— high velocity. III, 164-7
— low velocity. III, 167-71
Locks, III, 225
— Anson and Deeley, I, 58-63
— body, I, 58
— box, I, 58, 59; III, 223
— colour of, I, 140 �
— comparison of different, I, 96-9
— Dickson, I, 146-51
— efficiency of, I, 86-8
— general description of, I, 58-103
— Greener “Facile Princeps,” I. 155,

156
---- "Unique,” I, 156-60
— hammer, I, 100-2
— hand-detachable, I, 185-8; III, 225,

291
------- Holland, 1, 188
------- Lang, I, 188
------- Westley Richards, I, 185, 186
— Lancaster, I, 166-70
— not weatherproof, I, 98
— Purdey, I, 174-80
— quality of, I, 102, 103
— quickness of, I, 88, 89
— rebound, I, 99, 100
— removal of. III, 225, 291, 292
— rusty, danger from. III, 382
— safety of, I, 73, 90-2
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Locks,  Side,  I,  58;  III,  225
---- back action, I, 71-2
---- bar action, I, 63-71
— Westley Richards, III, 225
London Proof House {see Proof)
Long Range, Penetration at. III, 164,

165, 166, 168, 169, 170, 171, 172,
187

Loop, I, 20, 125, 126
— cleaner. III, 283
— how attached to barrels, I, 33, 161
Loose Action, Testing for. III, 275, 276
Low-Velocity Loads (see Loads)
------- and proof (see Proof)
---- principle. III, 190-5
Lump, Forward, I, 19, 44, 45, 155, i6t;

III, 292
— rear, I, 19, 44
Lumps,  Bifurcated,  I,  229,  231,  232
— chopper, I, 26-8, 30, 31, 108, 151
— definition of, I, 19
— dovetailed, I, 26, 27, 30, 31
— through, I, 27

Machines, Crimping, II, 129
— loading, II, 51, 117, 119, 147
— re-capping, II, 131
— turnover, II, 129
---- testing, II, 121, 122
Mackay, Mr. Alec, III, 140
Macnamara, Rear-Admiral Sir Patrick,

III, 273, 274
Macnaughten Action, I, 146
Magnetic Crack Detection, III, 408, 411
Magnum, Meaning of. III, 61, 210, 216
— principle, advantages of. III. 219,

220
---- disadvantages of. III, 216
Mainspring,  How  Fitted,  I,  60,  65,  71,

72
— roller connection between tumbler

and, I, 147
— swivel connection between tumbler

and, I, 66-8, 173
Mallard, III, 70, 93, 96, 19S, 205
— and Spence, Messrs., Ill, 251
Manton, Joe, II, 161: III, 19,272
"Marble" Cleaner, III, 281, 282
Marchant, Mr. H. R., II, 18; III, 12
Marks, Proof (see Proof)
Martin, Messrs. Alexander, I, 12: III,

297

Master-General of Ordnance, II, 62
Mat, Bath, III, 288
Maximum Cartridge (see Cartridge)
— strength. III, 333, 334, 336, 337, 338,

339.  340-  368,  390
Maxwax, III, 287, 292
Measure, Powder, II, 117, 127
— shot, II, 128
Measurement of Pressure (see Pressure)
---- recoil (see Recoil)
---- velocity (see Velocity)
Mellish, Colonel H., II, 262
Memorial des Poudres et Saltpetres,

III, 364
Mercury,  II,  64,  65,  66
— fulminate, II, 64, 65, 66, 71; III, 428
Metal, Inferior, III, 388, 391, 403
Metallurgic Examination, III, 397, 403,

418,  419,  423
Metford, Mr., II, 262
Micro-Examination of Steel, I, 29
Microscope, III, 396, 418
Milan, II, 110
Mineral Jelly, II, 47, 48, 49
Minimum Effective Pattern, III, 90-7,

262
---- penetration, II, 219-22
---- striking energy. III, 125
---- velocity, II, 219-22
— gauge, II, 136, 137, 216, 238, 286
— weights of guns, II, 248
Misses, Causes of. III, 109
Miss-Fires, I, 121; II, 82; III, 413, 414,

433. 434
Missing in Front, HI, 126, 183, 458,

459
Modern Breech-Loaders, III, 226
Modern Sportsman's Gun and Rifle,

The, I,  11,  45,  46;  III,  20
Modified Neoflak (see Neoflak)
— Smokeless Diamond (see Smokeless

Diamond)
Moira, Lord, II, 62
Moisture, Percentage in Powders of, II,

48, 99, 100
— working into action. III, 225, 226,

291. 293
Monal  Pheasant,  III,  207,  208
Monger and Marchant, II, 18
Monkey Brand Soap, III, 286
Monoxide, Carbon, II, 25, 314
Mop, III, 284
Motion, Laws of, II, 226
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Motti,  Paste,  III,  286
Mud as Obstruction, III, 378, 379
Mullerite, II, 58
Muzzle Blast, II, 28, 263; III, 46, 48,

49. 63. 273
— loaders. III, 178, 266, 267, 305, 306,

320, 321, 323, 326
-----danger of converted. III, 390
— obstructions near the. III, 375-7
— velocity, II, 134, 163, 164, 167, 197,

212, 213, 214, 230, 231, 232, 245,
250, 256, 270, 271, 282, 313, 315:
III,  162,  166,  169,  180,  191,  228

Napoleon,  II,  62
National Academy of Sciences, U. S.,

Proceedings of, II, 266
Nature, II,  266
Neame, Lieut.-Colonel Sir Philip, II,

18; III, 12, 300
Near Shots, III, 175, 192, 195
Neoflak, III, 192, 195, 356
— modified. III, 192, 193, 195, 201, 356
Nernst, II, 314
Neutral  Axis,  I,  76
Newton, III, 255
Nitrate, Ammonium, II, 37
— barium,  II,  37,  38,  43,  48,  69,  70
— potassium, II, 37, 38, 41, 42
— sodium, II, 42
Nitrates, Metallic, II, 48
Nitric Acid, II, 69
Nitro Cotton, III, 366
— proof (see Proof)
Nitrocellulose, II, 34, 47, 48, 49
— powders, II, 39; III, 337
---- definition of, II, 53
Nitrogen, II, 64, 314
Nitroglycerine, II, 38, 43, 44, 45, 47
— powders, II, 38, 43-7
---- definition of, II, 53
Nitrous Acid, II, 46
Nobel, II, 32, 44
Noble, Sir Andrew, III, 336, 337
Nominal Charge, II, 154
Non-Chlorate Caps, II, 154
Non-Ejectors, Conversion of. III, 329
Non-Fulminate Caps, II, 65-7
Non-Porous Powders, II, 29, 34, 53, 58,

59, 60
---- definition of, II, 53
Non-Rusting Caps, II, 70, 72: III, 290,

«9 4

Observed Velocity, II, 8, 187, 188-96,
197, 198, 213-15, 222-5. 241, 242,
243, 254, 257, 263, 265, 26G, 270,
271, 282. 306-11; III, 58, 163, 164,
169, 171, 193, 194, 198, 199, 200,
273

Obstruction, Shot Charges as. III, 381-3
— types of. III, 377-84
— wads  as.  III,  382,  383,  384
Obstructional Bursts (see Bursts)
Obstructions Caused by Faulty Car-

tridges, III, 381-4
------- weak caps. III, 381-3
—  near  muzzle.  III,  375-7
Obturation,  II,  78
Off the Face, III, 275, 299, 360, 361, 435
Oil, Alkaline, III, 285
— B.S.A. Kleenwell, III, 285, 288, 289
— coco-nut. III, 285
— Coswell, III, 285, 288, 289
— in barrel. III, 64, 65
— in shot. III, 89
— Rangoon, III, 284
— thick. III, 285, 293
— thin. III, 285, 293
— Three in One, III, 285
— Young’s, III, 285, 288, 289
Oilit, III, 285, 292
Oils, Cleaning, III, 284-6
Oily Rag, How Made. Il l,  284
Opening, Ease of, I, 142, 145, 160, 170,

180, 182; III, 222
Ordnance,  Master  General  of,  II,  62
Oval, Gold, I, 137
Over  and  Under  Guns,  General  De-

scription of, I, 217-33; III, 231,
243

---------- Lang,  I,  230,  232
Over-Centre Principle, I, 113-15
Over-Felt Card Wad, II, 101, 107, 108,

119, 130
Overhaul, Periodic, III, 296-300, 389
Over-Powder Card Wad, II, 101, 102,

119, 129
Over-Shot Card Wad, II, 101, 108, 109,

119, 120, 122, 123, 124, 128, 129
Oxide, Antimony, II, 63, 64
Oxygen,  II,  68,  71

Packing  in  Barrels.  I,  32,  33
Padding of Stock, III, 257
Pape, Mr. W. R., Ill , 20
Paper  Tubes,  II,  83,  84
— tubed cartridge-cases, II, 83-91



514 INDEX
Paradox Guns, 111, 268
Paraffin, III, 31
Parallel  of  Choke,  III,  20,  21,  22,  23,  24
Parker, Mr. Eric, II, 162; 111,  12,  140
Parker-Hale, Messrs., I l l, 30
Partridge, HI, 93, 94, 96, 104, 111, 113,

163, 188, 198, 199, 212, 454, 469
Paste, Abrasive, III, 286, 287
—-B.SJV. Cunirid, III, 286, 288
 polishing. III, 286
— Coswell, III, 286, 287, 288
— Motti, III, 286
Patches, Flannel, III, 281, 283, 288, 290
Patent for Plating Shot, II, 112
---- progressive powders, II, 32
Pattern, II, 133, 159
— compass. III, 29, 31
— effect of cap on, III, 58
------- choke on. III, 32, 33, 34, 44, 47,

49, 82-4
------- direction of aim on. III, 68-70
------- hardness of shot on. III, 61
------- holding on. III, 66
------- length of barrel on. III, 63, 64
--------------- cartrid ge-case on. III, 63, 66,

70
------------- shot column on, III, 61, 62
------- powder on. III, 57, 58
------- pressure on. III, 43-7
------- shape of shot on. III, 61
— --sire of bore on. III, 62, 63
------------- shot on. III, 60, 61
------- state of barrel on. III, 64, 65
------- stringing of shot on. III, 95,

128-33, 134-59
------- swing on. III, 66, 67
------- temperature on, III, 58, 59
------- turnover on, III, 50-2
------- velocity on. III, 47-9
------- wadding on, III, 50-7
------- weather on. III, 58, 59
------- weight of barrel on. III, 64
— ho w co unted . III,  31
---- measured. 111, 31, 32
---- varied, III, 84-90
—-targets for. III, 29, 31, 32
 paint for. III, 30
— testing for, III, 29-32
Patterns, I, 36, 131, 191
— Cartwheel, III, 72-4
— denser than 70 per cent.. I ll, 77-g
— minimum effective. III, 90-7
— nearer and beyond 40 yards. III 81, 82
— recom m ended. III, 1 1 3 , 1 1 4

Payne-Gallwey Brush, III, 281
---- polisher. III, 281
---- Sir Ralph, III, 68, 69, 70, 117, g66,

281
Peg, Cocking Lever, I, 60
— sear, I, 60
---- importance of position of, I, 91,

98 . 93 -6
— trigger, I, 60
Pegamoid Cases, II, 151
Pellets, Shot, Deformation of. III, 26,

46, 49, 61
Pendulum, Ballistic, II, 108, 262, 263
— gun (see Gun)
Penetration a Function of Velocity, II,

133. 175-7
— at long range. III, 164, 165, 166, 168,

169, 170, 171, 172, 187
— dependent on energy, II, 219,220
— effect on stringing on. III, 124-8
— function of. III, 163, 164
—  of  large  and  small  shot,  II,  219
Permissible Errors in Aim, III, 101,

102, 108, 179
Petrol, III, 284, 293
Petroleum, Rectified, III, 30
Pheasant, III, 93, 95, 109, 113, 198, 205,

453
Photographs, Spark, II, 108, 256; III,

74, 122, 138
Pigeon, HI, 93, 96, 113, 163, 263, 264
“Pimples,” HI, 384
Pin, Action, I, 38
— breech, I, 122, 136
— cocking lever, I, 82
— cross, I, 38
-h in g e , I, 41.43, 55
— meaning of, I, 20
— stop, I, 20, 106
Pistol  Grip,  HI,  435,  436
— shot, HI, 272-4
Piston, II, 137, 138, 139, 140, 141, 142,

>43
— sizes, II, 140, 141
Pitt, Mr. Sydney, II, 112
Pitting, HI, 277, 388, 389, 405
— round striker  hole,  II,  79,  80
Plastic, I, 129
Plate, Bottom, I, 63
— heel, I, 135
— side, definition of, I, 64
— trigger, I, 122, 124, 129
Plunger,  I,  70
Pneumatic Wads, II, 105, 106
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"Point,” Meaning of. III, 24
Point, Yield (see Yield Point)
"Points” of Choke, III, 24, 25
Polisher, Leather, III, 281
Polishing Paste, B.S.A., III, 286
---- Cogswell  and Harrison,  III,  286
Popham, Mr. H. Leyborne, III, 267
Porous Powders, II, 35, 36, 48, 49, 50,

53. 54. 57.58. 59
Potassium Chlorate, II, 62, 63, 64, 65,

67, 70, 71, 72
— chloride, II, 40, 63, 64, 69, 70; III,

294
— nitrate, II, 37, 38, 41, 42, 43
Poudre  S.,  II,  59,  233:  III,  366
— T., II, 59, 70
P o u d r e r ie s  R ^ u n ies  d e  B e lg iq u e  S A . ,

II, 8
Powder, Black, II, 35, 36, 37, 41-3, 51,

52, 54, 65, 68. 117, 127. 233, 236.
244;  III,  103,  202,  203,  227,  314,
315. 366

— bulk, 33-grain, III, 163, 202, 203,
227. 356. 357

---- 36-graln,  III,  191,  202,  203,  356
---- 42-grain, III, 103, 199, 202, 203,

227, 356
— charge, effect on pressure of, II, 146
 velocity of, II, 202
— charge, excessive. III, 242, 343, 357
— charges, checking weights of, II, 119,

120, 127
— effect on pattern of. III, 57, 58
— French, B.F., III, 366
 B.S.P., III, 366
— gases, II, 230, 233, 313
— gelatinised. III, 381
— importance of matching to cap. III,

382
— measure, II, 117, 127
— nitrocellulose. III, 337
— quick. III, 227
—-residue. III, 287, 395
 alkaline, II, 289, 294
— slow burning. III, 201
- T .P ., III, 307, 308, 314. 315
-T .S .P ., 111,308,314,315
— T.S.2, III, 307, 308
— use of unsuitable. III, 341, 342
Powdered Glass, II, 77
Powders, American, II, 60
— Belgian, II, 58,59
— British, II, 57, 58
— bulk, II, 50-3. 54, 55. 56

Powders, Bulk, Definition of, II, 54
— combustion of, II, 26-36
 how controlled, II, 29-36
— comparison of, II. 49, 50
— Continental, II, 57, 58, 59, 60
— dense,  II,  55
— double based, II, 48, 53,60
—-fibrous, II, 34, 35, 49.50
 definition of, II, 54
— French, II, 59
— German, II, 59
— granular, II, 33
— importance of suiting caps to, II, 78,

151,207
— manufacture of, II, 41,42,48
—-nitrocellulose, II, 39,47
 definition of, II. 53
—-nitroglycerine, II, 38, 39, 43-7
 definition of, II. 53
— non-porous, II, 29, 34, 53. 59, 60
— porous, II, 35, 36, 48, 49. 50, 53, 54,

57. 58. 59
— progressive, II, 28, 32, 33
— quickness of, II, 203, 204
— recoil affected by different, II, 233
— smokeless, II, 37, 38, 47, 48, 54, 68,

186, 230
— Swedish, II, 60
Powell, Messrs., I, 12, 174
Practice, Indoor, HI, 463
Preservatives for Firearms, III, 286
Pressure. II, 26, 27, 28
— affected by cap, II, 151
------- cartridge-case, II, 150, 151, 152-5
------- gun, II, 136, 137, 151, 152
------- loading density, II. 146, 147
------- shot charge, II. 145
------- size of bore, II, 147, 148
------------- shot, II, 146
------- strength of striker blow, II, 152
------------- turnover, II, 149, 150
------- wadding, II, 148, 149
— barrel, II, 136, 137, 138
— bursts (see Bursts)
— closed vessel, II, 313. 315, 316, 317:

III, 336. 337. 384. 365. 387
— effect on cap of. III, 360
------- combustion of, II, 32, 33
------- pattern of. III, 43-7
—-excessive, effects of. III, 354, 356-61
 signs of. III, 359. 360
— factors affecting, II, 145-55
— measurement of, II, 135-42
— of  cap  flame,  II,  75,  76
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Piessure Tables, II, 139
— wave. III, 36,4-75, 376, 377, 378, 379,

381, 382, 384, 385, 386
---- dependent on change in velocity,

III-  371-  372
---- subsequent. III, 373-5
Pressures, Actual, II, 143-5 �
-g a s , II, 315, 316, 317
Price of Guns, I, 98, 128, 141
Primary Extraction, I, 109, 117, 120,

153,163,171,179
Proceedings of U.S. National Academy

of Sciences, II, 266
Progressive Powders (see Powders)
Projectile, Area of, II, 168, 169
— diameter of, II, 168
— shape of, II, i68, 169
— weight of, II, 168
Proof Act, 1, 234; III, 305, 408, 409
---- offenses against. III, 327-30
— charges. III, 306, 307, 314-16
— classification of arms for. III, 305, 306
— Definitive, I, 131; III, 306, 307, 308,

3°S> 3 ‘ 4 - 315. 316, 406. 407. 4 ”
— House Birmingham, III, 304, 305,

309, 310, 317, 318
---- London,  III,  304,  303,  309,  317
— low-velocity loads and, III, 327
— marks. III, 66, 277, 309-13, 317, 318,

328, 329, 394
---- Austrian, III, 322, 324
---- Belgian, III, 320-2
---- British, III, 309-13, 317, 318
---- French, III, 324, 325
---- Germaiy, III, 323, 324
— -Italian, III, 325, 326
---- Spanish,  III,  326,  327
— master, III, 305, 328
— maximum cartridges and, HI, 327
— Nitro, III, 217, 307, 308, 309, 318,

319- 482
---- origin of. III, 304
—  Provisional,  I,  25:  III,  306,  308,  309,

314, 315, 316, 406, 407, 408, 411
-R e - , III, 313, 317, 388
— rules of, I, 35, 234; II, 137, 212; III,

19- 303. 305. 3° 7- 311- 312
— safety provided by, III, 318, 319,

404-12
— special, III, 317, 318
I‘ropellants, III, 426
— meaning of, II, 23
— properties necessary for, II, 23-5

Proprietary gun, B.S.A., I, 30, 81
-----W ebley, I, 74
Provisional Proof (see Proof)
Prussia, East, II, 50
Psychological Factor, III, 99, 100, 189,

190, 203, 209
Pulls, Trigger, III, 434, 435
Pull-through, III, 379, 424
Purdey Action, I, 174-80; III, 275
— double bolt,  I,  42-5
— ejector, I, 178, 179
— Messrs., I, 13, 142; III, 241
— Mr.  James,  I,  41
Putting a Gun Together, III, 223
Pyrites,  Iron,  II,  61

Quadratic Rule, II, 265; III, 445
Quail, III, 212
Quayle, Mr. P. P., II, 108; III, 122-3,

124, 138, 155
Quick Powders, III, 227
Quickness  of  Different  Locks,  I,  73,  88,

89
-----powders, II, 203, 204

Rabbits, III, 53, 54, 207, 212, 454
Rag,  Oily,  How  Made,  III,  284
Rags, III, 284, 289, 293
Rainbowing, III, 463
Rammer, Loading, II, 127, 130
Range, Effective Increase in, III, 187,

188
— extreme. III, 444-6
— factors limiting, III, 162, 163, 164
— long, penetration at, III, 164, 165,

166, 108, 160, 170, 171, 172, 187
— of rifles, III, 161, 162
— tables, II, 188-96, 198, 222-5, 264
— vertical, III, 446
Rangoon Oil, III, 284
Reaction,  III,  450
Rebound Locks, I, 99, 100, 165, 176, 179
-----affecting efficiency, I, 100, 179
Re-Capping Machine, II, 131
Recess o f Choke, III, 22, 23
Recoil, III, 166, 167, 173, 174, 175, 176,

188, 189, 191. 194, 196, 1Q7, 198,
199, 200, 215, 227, 228, 229, 236,
424. 435. 462

— affected by balance, II, 247
 cork wads, II, 236, 237
-------- length of  barrel,  II,  218,  244,  245,

284-7



INDEX 517
Recoil Affected by Powders, II, 233,

234, 236, 244, 245
------- velocity, II, 236, 237, 240, 241,

242, 244, 245
------- weight of shot charge, II, 236
— effect of, I, 132
— governing weight of gun, II, 226, 232,

248, 249, 250
— importance of, II, 165, 166, 167
— measurement of, II, 238-43
— pad, I, 136: III, 437
— velocities, II, 229, 231, 232, 239, 240,

241, 247, 248. 249, 251
Record Bags and Shooting Records, III,

98
Reduction, Coefficient of, II, 254. 265
— in forward allowance. III, 180, 187
---- standard shot charge. III, 196
Relativity, Theory of. III, 255
Reloading Fired Cases, II. 130-2
Re-Proof {see Proof)
Residue, Powder, III, 287. 395
---- alkaline, II, 38, 49, 70; III, 289, 294
---- effect on corrosion of, II, 40, 46, 70
Resin for Flux, I, 35
Resistance, Air, II, 168, 169-74
Rib, III, 244, 292, 385, 386. 387, 394
—  bottom,  I,  20,  34
— old, refitted to new barrels. III, 278
—  rusting  under,  I,  34;  III,  297.  389
—  top,  I,  20,  34
Ribless Guns, III, 297
Rice  a  Substitute  for  Felt  Wad,  II,  165
Riffolt, Mr., II, 266
Rifle Ballistics, II, 163, 164
— and shotgun ballistics compared, II,

174,  197,  198:  III,  161,  162
— re-boring of. III, 330
— shooting. III, 459, 460
— velocities, II, 164, 166
Rifleman, The American, II,  256
Rim,  Split.  I ll,  360
Ring Bulge, III, 368, 373. 374. 375, 376,

377. 384. 385. 386. 387. 413. 4*6
---- how detected. III, 385
Robins, Benjamin, II, 262
Rocket Cartridges, III, 438-44, 458
Rod, Cleaning, III, 279, 280
Rods, Barrel, III, 294
Roller Connexion between Mainspring

and Tumbler, I, 147
Rottweil Cartridges, II, 94
— powder,  II,  59,  70
Rouge, Jeweller’s, III, 286

“ Round” Action, Dickson, I, 146-55
Royal United Service Institution, III,

7 *
Rule, Quadratic, II, 265
Rules of Proof, II, 137
Russia, II, 50
Rust, II, 39, 79; III, 296
Rusting,  After,  II,  67-70;  III,  289,  290,

294
— under the rib. III, 297

S„  Poudre,  II,  59,  233
Safety, Automatic, I, 61, 62. 69
— bolting triggers only, I, 61, 62
— Dickson special, I, 149-51
— factor of. III, 406. 407
— Greener non-automatic, I, 159, 160
— intercepting, I, 69, 72. 150, 155
— mechanism, description of, I, 122-4,

150, 151
— of different locks, comparison of, I,

90-2
— slide, use of. III, 468, 469
Sale of Goods Act, III, 423
Salt, II, 68
Saltpetre, II, 41
Sarrau, II, 315
Schools,  Shooting,  III,  232,  237,  453,

458, 459, 463, 464
Schultze, Mr., II, 47; III, 71, 119, 199,

356. 364
— powder, II, 48, 55, 68, 70, 216, 233,

240, 242, 244, 289, 296, 298
Screw-driver {see Turn-screw)
Screws  Called  Pins,  I,  20
— for right and left locks, difference

between, I, 187
Seam, III, 392, 396, 400
Sear, definition of, I, 60
— peg, I, 60
---- importance of position of, I, 91-6
— spring, how placed, I, 61, 68
Second-hand  Guns,  III,  274-8
Seeing Shot in the Air, III, 464. 465,

466
Self-opening Action, Holland, I, 160-6
---- Purdey, I, 177, 179
---- Rosson, I, 180-5
Semi-Magnums, III, 216
Service Cartridge, British, II, 164, 166,

167
---- German, II, 164
Shape, Coefficient of, II, 253, 254
— of projectile, II, 168, 169
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Shock, Effect of, III, 164
Shoeburyness Ballistic Tables, II, 254
Shooter’s Year Book, The, III, 33, yg
Shooting from Left Shoulder, III, 251,

252, 259
— schools. III, 232, 237,_ 453, 458, 459,

463, 464 '
— sticks. III, 298
— with left eye closed. III, 250
Shot, II, 109-20
— American, II, 112, 119
— Belgian, II, 119
— British, II, 111, 119
— charge as obstruction. III, 382
---- effect on pressure of, II, 145
---------- velocity of, II, 20i
---- effective spread of. III, 101
---- excessive. III, 343, 344
---- reduction in standard. III, 196
---- total  spread  of.  III,  79,  80
— charges, checking weights of, II, 119,

120, 128
---- reductions on, II, i6o, 167
— chilled, II, 111
— composition of, II, 109
— concentration. III, 84-9
— continental, II, 112
— continuus, II, 110
— copper-coated. III, 159
—-counting, how done, II, 115, 116
 importance of, II, 113, 114
— deformation of, II, 117, 253
— diameter  of,  II,  117,  253
— drop of, II, 111; III, 466, 467
— effect oS hardness of, on pattern. III,

61
------- length of column of, on pattern,

III, 61, 62
------- shape of, on pattern. III, 61
------- size of, on pattern. III, 60, 61
------- wind on. III, 467, 468
— French, II, 119
— German, II, 119
— hardness of, II, 111, 200
— Italian, II, 110, iig
— manufacture of, II, 109, 110
— measure, II, 117, 119, 128
— mould, II, 111
— oil in, III, 89
— pellets, deformation of. III, 26, 46,

49, 61, 115, 159
— penetration of large and small. III,

204, 205
— pistols. III, 272-4

Shot, Plated, II, 110, 112, 199
— seeing in air. III, 464, 465, 466
— shape of, II, 113
— sizes, II, 113-16, 117
---- effect on penetration of, II, 219
---------- pressure of, II, 146
---------- velocity of, II, 201, 202
-----pros  and  cons  of  different.  III,

204-9
— spreaders. III, 90
— stringing of {see Stringing)
— tower, II, 109
— tray, II, 114, 128
Shotgun and Rifle Ballistics Compared,

III, 161, 162
"Shotover” Gun, Beesley, I, 230, 231
Siberia, II, 50
Side Clips, III, 431
— locks, back action, I, 71, 72
 bar action, I, 63-71
— pins, I, 187
— plate, bar stiffened by, I, 78
---- definition of, I, 64
Silicide, Calcium, II, 66
Simon, Mr. Ingo, II, 161; III, 12
Single Trigger. III, 100, 436
---- Boss, I, 193-7
---- delayed action system, I, 193
------- general  description  of,  I,  189-93
---- Holland, I, 197-201
---- Lang, I, 201-4
---- swinging blade system, I, 209
---- Three-Pull system, I, 193
---- Westley Richards, I, 204-9
---- Woodward, I, 209-16
Single-handed Guns, III, 436, 437
Sires of Shot, II, 113-15, 117, 118, 119
Slow-Burning Powders, II, 205
Slug, Winchester Rifled, III, 272
Small Arms, Text-Book of, II, 254
“ Smash,” Meaning of. III, 332
Smashed Birds, III, 107, 109-12
Smoke, II, 36, 37, 43, 186
Smokeless  Diamond,  II,  48,  56,  203,  216,

233.  243.  246,  290,  291,  292,  293,
294, 296, 299, 300, 301, 302, 303,
304, 310, 313, 315, 316; III, 27, 138,
169, 170, 198, 201, 208, 270, 273,
337. 338, 356, 426

---- modified, II, 56; III, 191, 192, 201,
356

— powders, II, 37, 47, 54, 68, 186, 230,
236

---- time of ignition of. III, 178
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Snap Action,  I,  44
Snapping Off, III, 295
— practice. III, 461
Snipe, III, 93, 94, 95, 96, 100, 198, 200,

206, 212, 266
Snow as Obstruction, III, 378
— cock, Himalayan, III, 207
Soap, Monkey Brand, III, 286
Sodium Chloride, II, 68
—  nitrate,  II,  42
“Soft” Cartridges, III, 163, 174
Solder, I, 28
Soldering,  III,  297,  390,  393
Soldier’s Friend, III, 286
Sorting Bridge, III, 408
Southgate Ejectpr, Description of, I,

H 2 - i 8, 158
Spark Photographs, II, 108, 125, 256
Special Proof, III, 317, 318
Specific Heats, II, 314
Spectacles for Left-eyed Shots, III, 250,

251
Speed of Birds, III, 177
Spelter, I, 28
Spindle, I, 43
Sportsman’s Time, II, i6o; III, 177, 450,

451
Spread of Shot Charge, Effective, HI,

101
---------- total,  HI,  79,  80
Spreaders, Shot, HI, 90
Spring,  Sear,  I,  61,  68
Springs, Action, Compression of. III,

294. 295
Standard Load, Excellence of, HI, 188,

189
— velocity, II, 186, 309
Standardisation for Bulk, II, 51, 52, 53,

54
Standing  Breech,  I,  37
Starch, II, 49
Steel, Effect of Heat on, I, 29, 30; III,

340. 397. 402, 403, 423
— elasticity of. III, 332-4
— fluid compressed, I, 22-4
— for actions, I, 39
— for barrels, I, 22
-g ra in of. III, 391, 397, 398, 399, 401
— granular condition of, HI, 397, 402,

403
— Harmet, I, 24
— in compression, I, 76, 77
 tension, I, 76
— microscopic examination of, I, 29

— structure of, I, 29
— Vickers  "A,”  I,  22
— Whitworth,  I,  21,  24
Stibnite, II, 64, 65
Sticks, Shooting, III, 298
Stimulus,  HI,  450
Stock, Cast-off, HI, 245, 249, 259
— cast-on, HI, 245, 259
— cross-eyed. III, 249
— how measured, HI, 240, 258, 259
— padding of, HI, 257
Stocks, Fit of, I, 129, 130
— general description of, I, 135-8
— how attached to action, I, 129, 136,

137
— how measured, I, 129, 130
— lengthening of, I, 135, 136
— plastics for, I, 129
— strength of, I, 97
— wood for, I, 126-9
Stop Pin, I, 20, 106: III, 292, 295
Storage of Cartridges, II, 98-100
— in heat. III, 353
Strap, I, 37, 60, 122, 123, 129, 160
Strength, Maximum (see Maximum

Strength)
Striker, I, 59, 70, 99, 100
— blow, strength of, II, 50
------- effect on pressure of, II, 152
------------- velocity of, II, 210
Striking Energy, Minimum Necessary,

III, 125
— up. III, 394
Stringing of Shot, Effect on Pattern of,

III, 95, 107, 128-33, 134-59
------------- penetration on. III, 124-8
------- Mr. Griffith’s experiments. III,

118-22
------- Mr. Ivatt’s experiment. III, 134,

135
------- Mr. Quayle's experiments. III,

122-4
------- Mr. Watts’s experiments. III,

135-6
------- practical effects of. III, 157-9
------- prevention of, HI, 159
------- reasons for. III, 115, 116
------- reduced by choke, HI, 107, 144,

145. 153. 155
Styphnate, Lead, II, 67, 71, 72
Sulphide,  Antimony,  II,  63,  64
Sulphocyanide, Copper, II, 66
— lead, II, 66
— sulphur, II, 66
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Sulphur, II, 65
— dioxide, II, 63, 64
— sulphocyanide, II, 66
Surface  Moderating,  II,  34,  35
— tension, II, 109
Surrey, III, 136
Swing, II, 161; III, 66, 67, 109, 140, 178,

183, 209, 231, 232, 234, 451, 452,
453. 454. 455. 456. 457. 458. 459.
461, 463

Swivel Connexion between Mainspring
and Tumbler, I, 66-8, 173

T.,  Poudre,  II,  59,  70
Table of Action, I, 74, 75, 78, 81, 82:

III, 402
Tables, Ballistic, II, 253, 254
— Hodsock,  II,  263,  264,  265
— pressure, II, 139
— range, II, i88-^o, 198, 222-5, 264
"Tailing,” Meaning of. III, 139
Target, Clay (see Clay Target)
— for pattern testing. III, 29, 31, 32
------- - — paint for. III, 30
Taylor, Dr., II, 267, 269
Teal, III, 93, 96
Temperature, Effect on Cartridges of,

II, 99, too
------- pattern of. III, 58, 59
------- steel  of,  I,  29,  30
— for soldering and brazing, I, 29
— of cap flame, II, 66, 71, 75, 76
---- combustion, II, 314
Tension, Surface, II, 109
Terminal Velocity, III, 447,448
Tetrazene, II, 71, 72
Tetryl, II, 66
Text-Book of Gunnery, II, 254
Text-Book of Small Arms, II, 254
Theory,  Kinetic,  II,  315
Thompson, Mr., II, 260
Three Element Cap, II, 64, 65
Three in One Oil, III, 285, 292
Three-Pull  System,  Single  Trigger,  I,

193
Through Lumps, I, 27
Tilting Barrels, III, 250, 462
Time of Combustion, III, 427
---- fall of hammer, II, 160, 161: III,

178
---- flight, II, 160, 161, 167, 191-3, 198;

III, 178, 184, 450
---- ignition, II, 161; III, 178
— Sportsman’s, III, 177, 450, 451

Time up the Barrel, II, 160-2, 316; III,
178, 450

Tir des Fusils de Chasse, II, 261; III,
84

Tit-Bit, I, 178
T.N.T., II, 66; III, 427,429
Toe, Extractor, I, 106
— of butt, I, 130
Toothbrush, III, 284, 289, 292
Top Extension as Extractor Guide, I,

107
---- Beesley,  I,  231
---- definition of, I, 19
— extensions. III, 223, 256, 402, 403
�---- concealed, I, 52, 56
---- cross bolt, I, 49-52, 106; III, 358
---- doll’s head, I, 47-9
---- general description of, I, 45-56, 80,

81, 103
---- plain, I, 52, 53
---- sloping, I, 54
Tow, III, 281
Tower of London, II, 62, 63
Tracer Bullets, III, 439
— cartridges. III, 438-44
Tram-Chronograph, Jervis-Smith, II,

256
Tray, Loading, II, 128
— shot, II, 114, 128
Trigger Blade, Definition of, I, 60
— bolted by safety, I, 61
— box, I, 122, 194, 202, 204
— guard, I, 124, 125; III, 242, 256
— plate, I, 122, 124, 129
— pressure. III, 109, 460, 461
—  pull  dependent  on  lock  design,  I,

92-6, 148, 174
—-pulls. III, 434, 435
 importance of, I, 92
— single [see Single Trigger)
Trinitroresorcinol, II, 67
True Cylinder, Disadvantages of. III,

102-5
Try  Gun,  III,  241,  257
Tube,  Paper,  II,  83,  84
Tubes, I, 20, 21, 22, 24-8
— chopper lumped, I, 27, 28
— drawn, I, 25
— for  barrels.  III,  306,  392,  393,  412
— methods of joining, I, 26-8, 30, 31
— shrunk on. III, 410
— straightening, I, 24, 25
Tumbler,  Meaning  of,  I,  58
— time of fall of. III, 178
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Tuning  Fork,  II,  267
T urk’s Head Brush, III, 281
Turnover, II, 17, 98, 120-6
— crimp, II, 92, 124-6
— danger of sealing. III, 353, 354
— effect on pattern of. III, 50-2
------- pressure of, II, 149, 150
------- velocity of, II, 206, 207
— functions of, II, 120, 121
— how made, II, 120, 121
— — measured, II, 121, 122
— importance of, II, 120
— machine, II, 121, 122
Turn-screw, III, 291, 295
“Twelve-Twenty” Action, Lancaster, I,

166-74
Two-inch 12-bore, III, 214, 217, 218

“ Under and Over” Gun, Woodward, I,
232. 233

------- guns (see Over and Under Guns)
Undersized Cartridges, Accidental In-

sertion  of.  III,  344-52,  358,  380
---- - 16-bore, III, 346, 347

Varnish on Locks, I, 140
Varnishing of Action, III, 299
Vaseline, II, 48
Velocities, Actual, II, 185-7
— minimum effective, II, 219-22
— recoil, II, 236, 237, 239, 240, 242, 243
— rifle, II, 164, 166
---- and shotgun compared, II, 174,

197, 198
Velocity Affected by Cartridge-Case, II,

207, 208, 209
------- choke,  II,  218,  219
---- — gun,  II,  209,  210
------- length of barrel, II, 213-18, 284-

305
------- loading density, II, 203
— --powder, II, 202, 203, 204, 205
------- size  of  bore,  II,  205
---- -------- shot,  II,  201,  202
------- strength of striker blow, II, 210
------- turnover, II, 206, 207
— — — wadding, II, 205, 206
-------- weight  of  shot  charge,  II,  201
— and penetration, II, 133, 175-8, 219-

22
— average, II, 163, 167, 194-6
— capacity for retaining, II, 167, 168,

173
— effect of increase in, II, 171

Velocity, Effect on Pattern of. III, 47-9
------- wave  pressure  of  change  in.  III,

371. 372
— factors affecting, II, 199-219
— functions of, II, 159
—  high,  II,  216,  269,  292
—  low,  II,  216,  293,  294
— measurement of, II, 179-85
---- — Ballistic Pendulum, II, 262, 263
------- chronograph, II, 179-85
------- interceptor, II, 266-70
— minimum effective, II, 219-22
— muzzle, II, 134, 163, 164, 167, 197,

212, 213, 214, 230, 231, 232, 245,
250, 256, 270, 271, 282, 313, 315:
III, 162, 166, 169, 180, 191, 228

— observed, II, 187, 188-96, 197, 198,
213-15, 222-5, 241, 242, 243, 254,
257, 263, 265, 269, 270, 271, 282,
306-11; III, 58, 163, 164, 169, 171,
i 93> 194. 198. *99. 200

— standard, II, 186, 309
— striking, II, 175, 183, 184, 185, 187.

188-90, 198, 219, 221, 254, 256, 257,
258, 259, 260, 262, 263, 264, 265

— terminal. III, 447, 448
Vena Contracta Guns, III, 431, 432
Vice, III, 289
Vickers “A ” Steel, I, 22
Vieille, III, 364, 365, 366, 367
Volkmann, II, 48

Wad, Base, II, 85
— felt, II, 101, 102, 103, 148, 149, 233
— Hislop, II, 106
— over-felt card, II, 100, 107, 108
— over-powder card, II, 101, 102, 105,

119, 129, 130
— over shot card, II, 101, 108, 109, 119,

120, 122, 123, 124, 125, 128, 129, 130
Wadding, II, 17, 98, 101-9, 233, 234
— effect on pattern of. III, 50-7
------- pressure of, II, 148, 149
------- velocity of, II, 205, 206
— improper, danger of. III, 353
-W a lsh , J. H„ III, 20
Wads, Air-Cushion, II, 105-7, t49< 234,

310
-co rk , II, 103, 104, 149, 233, 234, 235
—-felt, dry, II, 148, 149
 greased, II, 103, 148
— Feltine, II, 104
— functions of, II, 101
— pneumatic, II, 105, 106
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W alnut, I, 127
W alsh, Dr. J. H., I, 11, 45, 46, 47; II,

178
W alsingham , Lord, III , 103
W alsrode, II, 59
W altham , II, 47
W ark, Mr., II, 267, 269
W ater, II, 204
— fo r . cleaning firearms, II, 69, 70; III,

289, 290, 294
W aterproof Cartridges, II, 88, 89, 90, 95
W ater*Resisting Cartridges, II, 90
W atson, Messrs. J. R., I l l , 192
W atts, M r. W ebster, III, 135-6
W ave Pressure {see Pressure)
W eather, Effect on Pattern of. III, 58,

59
W ebley Proprietary G un,  I,  74
W eights  of  Gun,  II,  165,167
----- powder, checking of, II, 120, 128
----- shot, checking of, II, 119, 120, 128
W eld ing, Electric, III , 300
W estley Richards Hand-Detachable

Locks, I, 185, 186, 187
----- Messrs., I, 12, 47, 48, 58, 80, 90,

142, 192, 230; III, 225
----- “ O vu nd o’* gun, I, 232
----- single  trigger,  I,  204-9
W h ite,  in  the.  III,  307
W hitw orth  Steel,  I,  22,  24

W ildfow lers’ Association, the. III, 191,

437
W inchester R ifled Slug, III , 272
W ind,  Effect  on  Shot  of.  III,  467,  468
W ire Brushes, III, 280, 281
----- Payne-G allwey, III, 281
- - T u r k ' s  H ead,  III,  281
—  Cartridge,  Eley,  III,  84,  85
 universal, HI; 85
—  wound  guns.  III,  409
W istow , II, 262
W ohl, II, 314
W ood for Fore-ends, I, 126,127
----- stocks, 1 , 126-9
W oodcock, III, 93, 96
W ooden Ram m er, II, 128, 131
W ood-Pigeon, III, 93, 96, 113, 163, 263
W oodward, Messrs., I, 12, 192; III, 436
— single trigger, I, 209-16
—  “ Under  and  O ver"  gun,  I,  232,  233
W ool Felt,  II,  102

X-Rays, III , 408

Y ield Point,  III,  334
Y oun g’s O il, III, 285, 288, 289
—  sem i-liquid  cleaner.  III,  285,  293

Zinc Cartridges { êe Cartridges)
—  oxide.  III,  30


