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come to the same level—i. e., supposing their line of elévation
were alike originally.

The following particulars, and the diagram on page 130
(Fig. 16), will show how two bullets of the same bore, fired
with the same charge of powder, vary in trajectory. The
calculations were originally published in the Field on the
occagion of a trial of Messrs. Holland’s rifles in 1879.

The spherical ball and the Express bullet were both of
577 bore, and both shot with 6 drams of powder. The
long bullet (648 grs.), which was of more than double the
weight of the spherical ball (287 grs.), had rather over
1600 ft.-sec. muzzle velocity, and the spherical ball had about
300ft. higher initial speed, yet, owing to their difference in
Joss of speed from air resistance, the time of the two bullets
for 100 yards was almost the same, and the drop from the
line of projection about 7} inches in each.

The extent of drop of the respective bullets at eight
equi-distant points in the 100 yards range will be seen-hy
the following table, where the measurements are g¥*
the second decumal, or hundredth part of an inch Y I
that the variations from stage to stage may be res-’

i
FALL OF '577 ELONGATED AND SPHERICAL BULLETS

12}yds. 25yds. 3Tiyds. S0yds  624yds. Tby
Elongated .. 0:1lin. 0-43in. 0-96in. 1'74in. 2-78in. 4-C
Spherieal ... 0-07 032 077 146 245 v

Difference... 0104 , 011 019 028 033 g

The drop of the elongated bullet, ow®
speed, is at first greater than that of
the difference increases till beyond
the turning point in the trajector?
occurring at about 52 yards, and -
about four yards further on; and
begun to drop from the culminat
while the round ball has not yet:
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between them goes on increasing until the latter has passed
its turning point. Subsequently the spherical ball is the
slower of the two, and its drop increases accordingly,
thereby reducing the difference step by step till they become
even just before completing the 100 yards range, and the
sphere is consequently a fraction lower than the other at
the full distance. Beyond this point the spherical ball would
lose ground more and more rapidly, and at 200 yards it
would have dropped 49 inches below the line of projection,
whereas the elongated bullet would only have dropped about
85 inches.

Supposing, then, that rifles were sighted for a fall of
74 inches in 100 yards with each of the bullets, the difference
in the heights of their trajectories would accord with the
difference of drop at various points, as indicated in the
foregoing table ; and, the spherical ball would have the
higher trajectory up to nearly 100 yards, where it would
dron below, as will be seen by the following figures : '

oF TRAJECTORY OF °577 SPHERICAL AND ELONGATED

! BuLrLers 1IN 100 YARDS.

vds.  2iyds.  B7iyds.  A0yds. 11‘2!43:'11 s, Tiyds  BTiyda 100yds.
in., 1'56in. 2'05in. 22%n. 2:24in. 1'86in. 1'08in. —0-14in.
145 1'86 2:01 1-91 1-57 090 —007

‘011 019 028 033 029 018 —007
9200 yards, as the spherical drops 14 inches
{cated bullet, the same angle of elevation
oth ; and if two rifles were sighted to
fference of fall, the trajectory of the
10 inches at its highest point, wheroas
1l the height would be very nearly
v (Fig. 16, p. 130} will represent
he two bullets, a ¢ being the
projectile, and a ¢’ that of the
with the same elevation (line a b),
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the spherical ball, by reason of its higher velocity, is upper- .
most for about 100 yards, when, Laving lost its superiority
of speed, and the time of flight having been equalised, its
trajectory dips below that of the elongated bullet, which
henceforth keeps the highest position. By the time it has
‘gone about 170 yards, the spherical ball has dropped down
‘below the line of sight (a ¢); and at the end of the 200 yards
range it is about 14 inches lower than the elongated bullet.
If the spherical ball were required to strike an object at
200 yards, the line of elevation would have to be raised
14 inches, and in that case the straight dotted line a ¢
would become the Jine of sight, and the distance between
this and the curve a ¢ would be the height of trajectory.

. Trasecrories or Express RirLes.

There may be said to be two very distinet types of rifles
made for elongated bullets, viz., those for long heavy pro-
jectiles, with low muzzle-velocity, and those for comparatiyely
shorfi and light bullets with high initial speed—the £.*
having low trajectories at long ranges, and the laf
trajectories at sporting distances. 'T'he last-ment’
be subdivided into two or thrce varietics, accor
bullet is more or less light or hollow and ’
powder more or less heavy. Where to dras
what is or is not an ““ Express” rifle is a !
which opinions .differ; but without attem
what ought to be the nomenclature, %
same name has been applied to weapc
ably in weight of bullet, initial spee

In the examples already given (p
velocity and energy of various Expn
siderable difficulty in inaking a col
in consequence of their varying in
length of barrel, and proportion
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endeavour will therefore here be made to put the various
bores on an equal footing, by giving the weights of bullets
which would have equal trajectories supposing that they
had equal muzzle-velocities.

It is & not uncommon belief that the bullets of small-bore
Express rifles have a flatter trajectory than those >f large
diameter ; but, under equal conditions, the reverse of this
is the case. It is only when the small bullets are longer
than large ones that their trajectory is lower. When large
and small are alike as to length, their trajectory is the same
with equal initial velocity ; and when there is equality in the
proportion of length to diameter of bullet, the large bore
has the advantage as to flatness of trajectory, supposing,
as before, that they start with the same speed.

Let us take, by way of example, the Martini-Henry bullet,.+
which is *450in. in diameter, and 1-2lin. (or a trifle more
than 24 diameters) in length. If bullets of other bores were
made exactly proportionate with the Martini-Henry, théir

.and weight would be as shown in the following table, and
wponding charge of powder required would be as here
"mosing the same proportion of powder were used :

>OPORTIONS OF LENGTH T0 CALIBRE OF BULLET.

Corresponding
Length Weight
i3 ot ;Iﬁ;ﬂt. of Beugllct 03?52;1-
097 inch 246 grains ......... 42 grains.
W2, o  omvem U m
105, PO v — 60
P i . 69,
» P 856
ag - nr o,
L 33 sasssaees 180 m

ties being equal, the larger the bore
{3 trajectory, as the weight of the
:pidly than the surface opposed to
1sphere, and there is consequently
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In the next table, however, the bullets are supposed to
be equal in length; hence the area of resistance grows
in the same proportion as the increase of weight. With
equal initial velocity, the trajectory throughout is therefore
the same, as they all lose speed at the same rate. Here it
will be seen that, being all of the same length as the Martinj-
Henry bullet (nearly 1} inch), the small-bores would have
to be lengthened beyond their proportion to calibre, in order .
to maintain an equally flat trajectory. Accordingly, their
weight is increased beyond what is stated in the previous
table ; whereas those of larger bore are correspondingly
diminished in length and in weight. This will be made
more obvious if, instead of giving the length as equal in
inch measurement, it is given in the number of diameters.

BuiLeTs oF EquaL LENGTH BUT DIFFERENT CALIBRE.

Correspond
Dlspor Japn ol e
‘360 inch ......... 3:36 diameters ... 307 grains ... . ... 56 grains,
380, .. .. 318 i s 088 4 e 61
400 ,, ... 302 45 S 1 67
420 ,, ... 288 " .o 418, L i
‘450 ,, ....... 269 vor EBD .y g s
W00 » e 2:42 ¥ se 898w e
577, e 211 - . 78,

It is not very probable, however, that ¢
use small-bores with such very long bulle!
would prefer tc use less lead in proport’
to get higher velocities. It may be ar
see what . bullets of different bore
those of ‘450 of various weights.

The bullets in the next tabie woul
with like muzzle-velceities. In each
are taken as the types from which f
and they are accordingly printed in
It may possibly be said that nobc
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sportdng ‘purposes, such heavy projectiles as many of these.
The last line of the table, however, is iuserted for the sake of
comparison with the Martini ; and the rest have their ccunter-
parts in rifles already made for sporting purposes, although
some may not have come into general use. Thus, with
~reference to the heavy projectiles in the last line but one,
where & 440gr. bullet of 450 calibre is taken as the type; the
400 bullet is here given as 348 grains, and, by turning back
to page 16, it will be seen that Sir H. Halford mentions
a *400-bore rifle with 350gr. bullet as “the pleasantest and
best rifle for deer.’” TFurther on in the same line of the
present table, the weight of the *577 bullet may seem
enormous, but it does not very much exceed that used with
Messrs. Holland’s heavy rifle (M), which appears in the last
line of the tables of Express rifles given on pp. 101 and 110.

WEIgHT oF BULLETS OF DIFFERENT CALIBRE HAVING SAME
TRAJECTORIES WITH EQUAL VELOCITY.

380 bore. l 400 hore, | 420 bore. i -450bore. | 500 bore. | 577 bore.

© Gralus, 1 Grains. l Graing, (iraina. Girains. Grains.
185 | 205 | 226 260 321 497
200 | 221 | 244 280 346 460
14 237 | 21 | 300 370 493

- 261 | 9287 | 330 407 543
284 | 314 | 360 444 592

| 316 | 38 | 400 | 454 658

348 383 | 440 543 723

379 418 |r 480 ‘ 593 789.

sarje dimensions do not however, have
.ecause some persons are content to
' of powder than others. Let us see, .
erence in speed and drop of the fore-
h different initial velocities.
e light projectiles corresponding in
et of "450 calibre ; and, as there is
1ation in the powder-charges and in
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azzle-velocity with light ballets than with those of a hedvier-
sharacter, it would be hardly satisfactory to take only one
speed as a basis of comparison. It may be as well, thereforeyf
to take 2000, 1900, and 1800 feet per second.

BuLLETS o% SAME TYPE As 260 ars., "45) BORE.

i
2000 FT.-8EC. MUZZLE VELOCITY. ! 1400 r‘?};::gr}\;tmu 1800 :}rj;:ggwl:.mm
i
Benge. (VOS] Bamer: R\“?'e'?ffé?r'}‘gr g R e ] B
Yards, Fi per xec. Ft. m Ft porsec Ft. in Ft persec | Ft In. :
50 1787 0 122 ' 1696 0 147 1604 0 151
100 1592 O 548 | 1508 0 61 1423 0 68
150 1413 119 1338 1 35 1266 1 53
200 257 2 41 1195 2 72 1137 2 109
250 . 1130 4 17 1081 4 73 1040 5 13
300 1036 6 88 1006 75 977 | .8 2
350 974 102 M8 |11 2 922 112 .2
400 919 14 8 | R96 16 9 873 17 4
450 870 20 -4 I B49 |22 0 828 |23 9
500 826 27 3 ll 807 129 4 788 {31 7
|
{

1 powder to about 2 2 lead. | 1 powder 10 about 36 lead.

Charge : 1 powder to about 1 8 lead |

An_endeavour is made to give an idea of the charge of
powder likely to produce the velocity stated at the head
the table; but this must only be considered as approxin
for all rifles will not give exactly corresponding. results,
when the conditions are apparently alike. Large bore
 will probably give rather higher results than small bor
the same proportion of powder, and '
greater velocity than short ones-
assumed to be of equal length, vi

The question now arises, how fi
velocity and drop affect the traje-
difference in the position of the b
Aifferent velocities were fired f

From the foregoing
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enge of 100 yards, a difference of 100 ft.-sec. muzzle-veiou-
would make nearly three-gquarters of an inch difference ¢
drop; in 150 yards there would be about double this
difference; in 200 yards mgre than four times as much; and
so on. Consequently, if the rifle were sighted for, say,
150 yards, with a charge of powder giving 1900 ft.-sec.
velocity, and were shot with a charge giving 2000, the bullet
would strike about an inch and a half too high ; o»it would
be nearly two inches too low if shot with a smaller charge,
giving 1800 ft.-sec. velocity. If, however, the alteration of
the charge produces a difference of ““jump” in the rifle—as
it certainly does dn some cases—that cannot be estimated in
this calculation. The amount of “drop” wonld not be
affected by the jump, but the up and down position of the
bullet on,the target would be changed according to the extent

of this muzzle disturbance, which would vary with the rifle.
Another mode of comparison may be made by means of
mndependent trajectories, calculated from the drop of the
respective bullets with their different velocities. These will
now be given for every 50 yards from 100 up to 500 yards.
Tt is not supposed, however, that sights for the whole of these
‘ances would be applied to any one rifle; but, as different
- may be sighted for different distances, the table may
more useful than if the ranges were taken more widely
It will be seen that the trajectories for the three
s at, each range-are grouped together, and the 0 shows
for which the rifle is supposed to be
A0 yards range, where the final
ace in the page. The greatest
also given in the last column,
readily estimated 1n cases where'
g- in the 150 yards range. The
ctory in this case occnrs at about

range the greatest heip*
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BuLreTs or saME TYPE As 280aRrs,, ‘450 BogE.

1900 PT.-8EC. MUZZLE VELOCITY. 1800 F1.-sEC. MUZZLE VELOCITY,
Haoge. | Vaoete® | Bufer | Bemee | Fyoiine | Dropet
Yards. F't. per sec. Ft. in. Yarda. Ft. per sec. Ft. in.

50 1710 0 134, 50 1617 0 15
100 1534 “0 62 100 1448 0 67
150 1372 1 3 150 1297 15
200 1233 2 6 200 1171 210
250 1118 4 5 250 1069 411
300 1034 71 300 1003 7 10
350 976 10 8 350 949 11 8
400 925 15 2 400 900 16 7
450 878 20 10 450 856 22 7
500 837 a7 9 - 500 816 30 0

Charge: 1 powder to about 2:3 lead. Charge: 1 powder to about 26 lead.

It would be tedious to go through the various types of
wllets with the same amount of fullness as is done on the -
previous two pages; and the figures there given show that,
within moderate limits of change of velocity and alteration in
weight of bullet, the variations of drop and differences in
trajectory are comparatively small, and the divergences can be
ruessed at within a little when you have the weights, velocity,

1d drop of other bullets to take as standards to judge by.

cecordingly, the “remaining velocities ”” and “drop”’ will,
the majority of cases, be calculated only from two muzzle
iities ; but in .two other instances, the three velocities
eights of trajectories will be given, for the purpose

~mparison.
these tables may be turned to
wave two rifles of *400 and -500
wish to form an idea of what
vould have at different ranges.
our ‘400 rifle weighs, say,
he 500 about 440 grai-
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Looking at the table on page 142, we find that our -400
bullet is similar in type to the *450 of 280 grains, and that our
500 bullet is mach about the same as the *450 of 360 grains.
Hence we take as our means of comparison, in the former
case, the table opposite, and for the 500-bore we refer to the
table of 360gr. type given on page 150.

If we know, from chronograph results, or from the process
of calculation hereafter described, what is about the muzzle
velocity of the respective rifles, we may find that they come
within a moderate difference from one or other of the muzzle
velocities given at the head of the table we have to use, and
accordingly we choose that which is nearest; or supposing
that, 1n the case of the '400 bullet, we know that its muzzle
velocity is about 1850 ft.-sec., we may take the medium
between 1900 and 1800, and see at a glance that at, say, 200
yards, the remuining velocity would be about 1200 ft.-sec., and
the drop about 2ft. 8n. ; and <o on with other distances. If
we do not know what the muzzle velocity is, we may yet
perhaps be able to form an approximate notion by reference to
the charge of powder. The *400 bullet of 220 grains is shot
with, say, 8% or 34 drams of powder. Referring to the table
on page 99, we see that the former charge is equal to about
89grs., and the latter to about 96grs.; and dividing the
grains of lead by the grains of powder, we find that 3}drs.
would give the proportion of about 1 to 2'5, and 84drs. of
about 1 to 23 ; so it may be assumed that the muzzle velocity
of the fofmer would be rather over 180Q ft.-sec., and of the
latter about 1900 ft.-sec.

One thing, however, 1t will not be safe to assume, viz., that
if we alter the charge from 24drs. to 34drs., or vice versd, and
thus raise or diminish the velocity by 100 or any other number
of feet per second, Jhe difference on the target will be only the
number of inches shown in these fables. Such would be the
case if all conditions remained exactly the same except the

L2



46

148 THE MODERN SPORTSMAN’S GUN AND RIFLE.

[ere alteration of speed ; and such, indeed, is the effect when,
a8 the chronograph shows, there are variations of muzzle-
velocity with exactly the same charges. But when we alter
the quantity of powder, the conditions of explosion are also
changed ; a different degree of “jump” is set up, in the
barrel, and the effect of this change of jump does not run on
the same lines as the effect of simple alteration of speed.
Thus, referring to the next table, we find that, in 100 yards,
there is less than one inch difference of drop produced by
100 ft.-sec. change of initial speed, but that at 500 yards the
difference is nearly 21 feet. There might be a difference in
jump such as would just compensate for the difference of drop
at one range, but would have by no means the same effect at
the other; for such a change of jump as would produce 30
inches difference in 500 yards would make 6 inches difference
at 100 yards, and, as the gravity drop makes only about 1 inch
difference in the latter range, the bullet would be 5 inches
above or below the expected position on the target, and the
marksman might be puzzled to account for it.

BurLLETs oF SAME TYPE A8 300 grs.,, "450 BORE.

1000 #1.-880. MUZILE VELOCITY. 1800 P\}‘g%ﬁl}umu 1700 rv'r ggosgﬂ!guz%l
|
Range. |RNCEl Buher | Velooty®  Bullee | Veloowy®| Buler
I
Yards, |Ft persec.i Ft in, |Ftpersec Ft in Ft pervec. Ft. in,
1722 0 132 1629 0 149 1536 o 17
100 1556 0 59 1470 0 68 1384 |- 0 74
150 1403 1 27 1325 1 44 1252 17
200 1267 2 5 1202 -2 9 1141 31
250 1154 4 3 110¢ 4 9 1053 5 3
300 1062 9 3 1027 7 6 995 8 4
350 1002 (10 2 93 11 2 945 12 4
400 951 {14 6 926 15 10 900 17 4
450 906 |19 11 882 21 7 859 23 6
500 864 126 5 843 28 7 822 310
Charge: 1 powder to about 23 lead. |1 powderto about 2 5lead. | 1 powder to about 3 Jead.
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100 To 500 Yamrbs.

TRAJECTORY OF THE BULLET.

. Height of Bullet at points in the Range, 50 yards spart.
Ft.in | Ft.tn. | Ftm. | Fton | Ft.in | Ft.in | Ftin | Ft in | Ft. o,

I

50yds. [looydﬂ 150yds | 200yds

HrereaT o TrAJECTORIES OF BULLETs o 300ar. Tyem, 1N Ranaxs

Full

Tand®
Muzzle

Ft-sec.| Ft.in.

Velocity

By comparing with page 145, we see that an increase of
40 grains gives in long ranges nearly the same trajectory as

260gr. bullet with 200 ft.-sec. more velocity.
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Buriets oF saME TyYpE As 330GRs., ‘450 BORE.

1800 FT.-8EC. MUZILE VELOOITY.

1700 ¥r.-8ec. MyuzzLE VELOOITY.

Basge. | Fgmetine | pel | ange | Hemsoe | Droper
Yards. Ft. per sec. Ft. in. Tarda, F't. per sec, Ft. in
50 1645 0 135 50 1550 0 17
100 1498 0 65 100 1411 0 73
150 1363 1 4 150 1286 1 6
200 1244 2 7 200 1179 211
250 1144 4 6 250 1089 5 1
300 1062 7 2 300 1025 71
350 1007 10 7 350 Y77 11 8
400 960 14 11 400 933 16 &
450 917 20 4 450 892 22 3
500 878 26 10 500 855 29 3

Charge: 1 powder to about 2 8 lead

Charga+ 1 powder to about 3 lead.

Taking each of these, and comparing them with the same
muzzle velocity in the type of bullet above or below it in
weight, we find the differences are not so wide apart but that
approximate estimates may be formed of other bullets inter-
mediate in weight, as the variations may be only a few feet in
velocity or a few inches in drop.

BuLLETs oF saME TYPE As 360 grs., 450 BORE.

1800 PT.-8EC. MUZILE VELOCITY.

1700 FT -SEQ. MUZZLE

1600 PT -8E0. MUZZILE
VBLOCITY.

VELOCITY.

mge TR B Tmnbe GO b S
Yards. [ Ftpersee| Ft. in. |Fi persec.] Ft. in. |Ftpersec.| Fi in
50 1657 0 146 1563 | 0 155 1468 0 186
100 1522 0 636, 1433 | 0 715 1347 0 81
150 1395 1 54 1315 ' 1 56 1240 179
200 1282 2 65 1212 | 2 10 1148 3 26
250 1184 4 4 1124 | 4 10 1070 5 55
300 1100 6 10 1052 7 7 1017 8 56
850 1036 |10 1 1004 (11 2 973 12 5
400 991 |14 2 961 [15 8 933 17 3
450 949 |19 3 922 |21 2 896 23 2
500 911 |25 5 886 |28 9 862 30 3

Charge: 1 powder to about 25 lead.

1 powder to about 3 lead.

1 powder to about 4 lead.
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HriasT oF TRAJECTORIES OF BULLETS oF 360ar. TYPE, FROM
100 To 500 Yarps.

Fall Helght of Bullet at points in Range, 50 yerds apart, l 5B
Ay ’ i

Vool soyds. | 100yds | 150yds.  200yds. | 250yds. | 300yds. | 360yds. | 400yds. | 450yds. | 535 £
Ft.gec.| Ft.in. | Ft.in. | Ft.in, | Ft.in, | Ft.in | Ft in. | Ft. in, | Feein, | Ptin, | Ft. in.
100

1800 |0 I'7f O e . - i .. |0 18
1700 |0 2 0 om i e o w0211
1600 [0 22| 0 o 58 o s . 1028
150

1800 (0 380 41 0 . v |0 46
1700 |0 43[0 46 0 : . |0 50
1600 |0 480 52 0 0 56
200

1800 |0 61/0 890 72| 0 9.1
1700 |0 6910 990 80 0 0 100
1600 [0 7:8[0 11-2{0 90 o p | s 1w | w |04
250

1800 [0 891 241 350111 0 . - .1 4
1700 {010 |1 411 541 04/ 0 . . : 16

1600 {0 11'3/1 601 761 18 0 1 8

300

1800 /1 0|1 912 1 (2 01 4| 0 o |2 B

1700 {1 2 (111 (2 4 !2 3 |1 6 0 . |2 5

16001 3 (2 212 72 51 7] 0 . |28

350

800 {1 4 |2 4 i3 0 |3 312 9|110 0 . |3 4

700 |1 6 (2 7 (3 4 (3 6 (8 2|2 0 0 . . 137

1600 {1 7 |210 |3 7 (310 |3 52 2 0 we 1311

400

18001 8 |3 0 14 0 |4 7 |4 713102 4 0 v |47

1700 (110 |8 4 {4 5 (5 0 |411 (4 2|2 6| 0 . (50

1600 |2 0 |3 8 (410 (5 5|5 4[4 5,2 8| 0 55

450

1800(2 03 9|5 1|6 06 5|6 1411211 0 |6 &

1700 |2 8 (4 1|5 7 16 71610(6 6|5 3/3 2 0 1610

1600 (2 5 |4 6 (6 1|7 1,7 5/611}{5 7({3 5| 0 |7 &

500

18002 514 7i6 3 (7 7'8 48 5|7 8(6 118 7:8 &

170012 8 |411 |610 |8 3|9 0/9 1!8 3[6 6|310(9 1

1600 (216 |5 4 |7 5 (810 |9 7|9 B8 9 6104 119 8

Weight again tells; and we find that, when the range is
long, the 360gr. bullet gives much the same trajectory with
1600 ft.-sec. muzzle velocity as the 260gr. bullet (page 145)
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gives with 400ft. more speed ; while, at short ranges, the effect
is much about the same as 200ft. difference of initial speed.
The 300 gr.-bullet (page 149), as might be expected, gives
medium results ; the long-range trajectories being very similar
to those of* 260grs. and 360grs. having 200ft. higher or lower
speed, and the short ranges having about half that difference.

BuLLETs oF sAME TYPE As 400GRrs,, "450 BORE.

1600 FT.-880. MUZZLE VELOCITY. 1500 FT.-8EC. MUZZLE Vx.mn[rr..l
no | g | RS | mes | e | R
Yards. Ft. p-er Bec. Ft. in. Yarda. 't .por #ec. X Ft. In.

50 1481 0 184 50 1387 0 209
100 1370 079 100 1286 0 91
150 1270 17 150 1196 110 %
200 1183 31 200 1118 3 6
250 1107 5 3 250 1054 511
300 1046 8 1 300 1010 9 1
350 1003 11 10 350 971 13" 2
400 965 16 5 - 400 935 18 2
450 929 21 11 450 896 25 3
500 896 28 6 500 870 31 4
Charge: 1 powder to about 4 of lead, Charge: 1 powder to about 45 of lead.

Burnrers or samMe TyrE As 440GRs., 450 BORE.

1500 FT.-8EC. MUZZLE VELOCITY. 1400 Pr.-sEC. MUZZLE VELOCITY.
Range. mﬁgl’::?ti;g l{l?fn[t).t Range. mefﬁs Ii)sm o
Yards. Ft. per sec, Ft. ' in, Yards, Ft. per nec. Pt in

50 1397 0 208 50 1306 0 24
100 1303 0 89 100 1222 0102 -
150 1219 1 95 150 1147 21

. 200 1145 3 5 200 1083 311

. 250 1081 59 250 1034 6 6
300 1033 8 9 300 996 9 10
350 995 12 8 350 962 14 1
400 961 17 5 400 929 19 3
450 928 23 2 450 899 25 6
500 . 808 29 11 500 870 32 10
Charge: 1 powder to about 45 of lesd. Obarge: 1 powder to about & of lead
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s

BuLLETe OF SAME TYPE A8 MARTINI-HENRY, 480GRS., ‘450 BORE.

1400 Pr-sEc MuzriE VELOCITY 1360 I"}'::ggﬂzl‘uum 1300 ’g;:zg“l:““‘
menge | ST | Baler | Veomo® | Bl | VOIS | Bk
Yards | Ft per gec. Ft. mn Tt per sec Ft. in. Ft per soc Ft. in.

100 | 1235 0 101 1195 0 108 1153 0 119

200 | 1103 39 1072 4 1 1045 4 4

300 | 1015 9 7 996 10 2 976 10 10

400 950 18 9 934 19 8 917 20 7

500 894 31 9 879 33 3 864 35 0

600 844 49 3 831 | 51 7 817 54 1

700 799 72 0 787 I 7% 2 775 78 5

800 757 100 9 746 | 104 10 735 109 2

900 718 136 3 708 141 6 697 71 147 4
1000 683 179 3 672 ‘ 186 661 193 5

! |

|
Chérge. 1 powder to about 53 lead | 1 powder to about 5 6 Jead |-1 powder to abunt  legd.

These tables, as before observed, represent merely the
natural drop from gravitation in accordance with the time
taken by the bullet to traverse each particular range. This is
all that can be accounted for on the theoretical side of the
question. On the practical side, there are other matters
which the maker of the mfle must necessarily take intos
consideration, or he would produce but a very sorry result.
He has to meet the peculiar ““jump” of each weapon; and
the apparent drop for which he regulates the rifle may there-
fore be more or less than the real drop indicated by the
tables., These calculations, however, are not intended to be
mere theoretical curiostties. It is hoped that they may prove
of some practical service to the maker, as well as the use
of the rifle, by enabling them to meet this condition of thin
A comparison of the results actually obtained at the target
with the amount of natural drop shown in the tables, will
give an idea, when different charges are used, of how much
of the difference of position of the bullets is due to jump, and
how much to the altered velocity of the bullet.
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;154, THE MODERN SPORTSMAN'S GUN AND RIFLE.

Tae CALCULATION OF TRAJECTORIES.

The trajectory of a bullet may be calculated either from the
amount of its drop in a given distance, or from its muzzle
velocity ; and if the latter be known, the former may be
estimated, and vice versi—always supposing that the diameter
and weight, as well as the shape of the projectile, have been
ascertained.

If a chronograph is available, that, of course, is an anthori-
tative means of getting the bullet’s velocity ; and the method
afterwards described is only a substitute for obtaining ap-
proximate results, where a proper instrument cannot be
obtained. The chronograph does not, however, directly tell
the speed with which the shot leaves the muzzle; il merely
records the amount of time taken to traverse a given dis-’
tance, and shows the mean velocity for such distance. Thus,
if we know what fraction of a second of time was taken by
the bullet in passing from the muzzle of the gun to a screen
placed 20 yards distaut, and we divide the 20 yards, or 60
feet, by this fraction, we ascertain the velocity in fect per
second. But, inasmuch as the bullet loses speed in the 20
yards, from its encounter with the atmosphere, the chrono-
graph record ncither shows the velocity with which the
bullet left the gun nor that with which 1t struck the screen ;
it gives, in fact, the average velocity, and this is equivalent
to the actual speed of the bullet at the mean distance of
10 yards. Perhaps, however, it would be more strictly cor-
rect to say that the mean velocity of the full range very
closely approximates to the actnal speed at half-range ; buat
the divergence from strict accuracy is so small that it may be
disregarded in short ranges. If the resistance of the atmo-
sphere varied exactly in accordance with the cube of the
velocity, the average speed at one distance would exactly
represent the real velocity at half that distance; but, inas-
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much as the ratio varies somewhat, being less than the cube
when the velocity either rises much above or falls much
‘below 1100 feet per second, there is a consequent amount of
variation, which tells most with very light projectiles, at high
velocities, in long ranges ; but even with these the difference
is comparatively trifling, and, for all practical purposes, it
may be left out of consideration.

We will suppose, however, in the first place, that the
muzzle velocity is known, and that we wish to find out what
would be the ‘“remaining velocity ”” of the projectile at any
given distance. Having done this, we can easily reverse
the process, and ascertain the muzzle velocity from the mean
time.

But we can do nothing without the tables invented by
Professor Bashforth, and some of these, which apply to elon-
gated projectiles with ogival heads, are accordmngly quoted in
the ensuing pages. It would bo beyond the scope of this
book to enter into a description of the manmner in which these
tables were framed. Anyone wishing for particolars on this
subject must be reterred to Mr. Bashforth’s volumo and sup-
plement, or to the Government blue beoks containing his.
reports to the War Office. The tables given over leaf are
copied from the ““Final Report” mentioned below. The titles
of these books and reports are as follows :

“ A Mathematical Treatise on the Motion of Projectiles, founded chiefly
on the Results of Experiments made with the Author’s Chrono-
graph.” By Francis Bashforth, B D, Professor of Applied Mathe-
matics to the Advanced Clase of Royal Artillery Officers, Woolwich.
London : Asher & Co, 17, Bedford-street, Covent-garden. 1873.

* Supplement to a Mathematical Treatise on the Motion of Projectiles.”
By Francis Bashforth, &e. London Asher & Co. 1881.

““Reports on Experiments made with the Bashforth Chronograph to
Determine the Resistance of the Air to the Motion of Projectiles.”
1865-1870. London: W. Clowes & Sons, and other booksellers.

“Final Report on Experiments made with the Bashforth Chronograph
to Determine the Resistance of the Air to Elongated Projectiles.”
1878-80. London: W. Clowes & Sons, &ec.
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25@ 4 General Table

of Values of Lt for Ogival-headed Shot.

7 o [ 1] 2| s | af sl 6| 72]8] o lom
I} - =
Ls, BECH, Becs. | Becs. | pecs. | seca. Beca, J Becs, I §6CB. | B6CH, | mecs, +
10 760889 | 77-111 | 78790 | BO-437 | 82052 || RA636 | B5190 ' 86715 | 88212 | 80082 || 1584
11§, 91:135 | 92:542 | 93-981 | 94301 | 06644 || 07964 H9-261 *00536 [*01-7¢H *08-021 | 1830
12 104232 | 05428 | 06595 | 07-748 | 08:883 || 09999 | 11097 | 12178 | 18243 | 14201 1Me
18 1 IMIE; 16-839 | 17-340 | 18-326 | 104997 || 20-264 | 21-196 | 22124 | 23-039 | 23041 957
14 24830 | 26706 | 26570 | 27-422 | 28-262 || 29091 | 20908 | 80714 | 31509 | 32994 829
15 83068 | 33832 | 54586 | 35331 | 36-066 || 36-792 | 37508 | 38215 | 88913 | 89602 j| 726
18 1 40288 | 40055 | 41618 | 42278 | 42020 || 43559 | 44190 | 44818 | 45420 | 46-038 639
17 46040 | 47-285 | 47823 | 48404 | 4R97R || 49546 | 50207 | SO-RE2 | K121, | 81754 568
18 52291 | 52822 | 58-847 | 5B 86T | H4°BE1 || 54800 | 55UB3 | B5BH0 | bE-uHL | BGBED 509
.
19 1 57-351 | 57828 | BR-BOD | KB-TGT | 69229 || 59-6BR | 60138 i GO586 | 61029 | 61468 457
20 61802 | 62882 | 62758 | 631R0 | G3-5088 || 64-012 | 64-422 ' G4B28 | 65-280 | 65028 414
n 86-022 | 66412 | 66708 | 87-181 | 67560 || 67-036 | 68308 | GHETG | 69-041 | 69403 i 876
.22 1697 70118 | 70470 | 70819 | 71165 || 71508 | T1'B48 | 72180 | 72519 | T2:850 343
28 73179 | 73505 | 78828 | 74148 | 74465 || 74780 | 75083 | 75401 | 76708 | 76012 | -B15
24 76:814 | T6-613 | T0-909 | TT-203 | 77484 || TTTE3 | VROT0 | TH 364 | 7EG36 | T8P16 *289
26 179194 | 79470 | 79743 | RO-014 | RO-2R3 || RO-G50 | RO-B15 | B1078 | B1-83% | 81508 1 267
28 BL'855 | 82110 | 82363 | 82614 | 82BE63 || &F110 | BI-355 | B3508 | B3B3 | BL0TY 247
n 84317 | 84665 | BHTHT | 85020 | 85251 || BO481 | 8570w | 85035 | 86160 | BG382 280
28 186604 | 86:824 | 87-042 | 87-250 | 87474 || STGSS | 87900 | RE111 | ASA20 | BE-528 || 214
29 88734 | BE-030 | RO-140 | AO-345 | RO S4G || HOT4A | ROO4Z D0 140 | D085 | 90-529 | <199
30 80-721 | 90912 | 91-102 | 91-291 | 914478 {| 91664 | Q84D | 92033 | H2:216 | 92397 -180
a1 1 82677 | 9THE | 02084 | 0111 | OR2R7 || 0R441 | DRGI4 | ORBOR | G2O71 | 04147 :E:
a2 HA1G6 | 04484 | 94-651 | B4BIT | 04082 i 95146 | 95800 0 95471 | 95682 | 05702 i
33 D5851 | 96109 | Y0206 | 86422 | BE5TT || 96TE1 | DG:884 | PT-086 | UT1HT | 9T-338 | ‘154
B4 1 97488 | 97637 | OT-TR5 | 07092 | 9807R || 08223 | DROGT | 98-510 | DB-G52 | UETHE 144
35 98835 | 99075 | D214 | 09352 | 08400 | 99GLT ) ODT6N | 90RIS (*00-032 *N0-186 | 187
36 || 200299 | 00431 | 00562 | (U602 | 00822 || 00051 | 01079 | 01-206 | 01333 | 01455 120
37 2 01685 | 01710 | O1-A34 | 01057 | 02080 1 02202 | 02323 | 02447 | 02563 | 02682 122
38 02801 | 02919 | 03036 | 03152 | 03268 || 03383 | 03497 | 03610 | 03-723 | 03835 115
#9 03047 | 04058 | 04168 | 04278 | 04387 || 04496 | 04604 | 04711 | (4-BIR | 04024 -109
40 || 20 5-0209 | 51349 | 52993 | 53482 | 54406 || 55404 | HEBIT | HT534 | GHS4E | SASAR | 1028
41 GOB5E | o155 | 62640 | 63525 | 64505 | 65480 | G6450 | 67414 | 68ITH | 69827 | 0975
42 70276 | 71220 | 72059 | 73083 | 74022 || 74947 | TH867 | T6TR2 | 77698 | 78599 || -0925
+ 48 11 20 79501 | 80998 | 81201 | R2179 | 83063 || 83942 | 84817 | 8-5687 | 86563 | RT415 || -0BTH
44 88272 | 89125 | R9974 | 00818 | 91AG0 || 9-2497 | 93330 | D-41560 | 4984 | 95805 || 0837
45 D662 | OT435 | WH2M | 9DOS0 | 99862 | $0-065L [P O14d0 FO-2247 203025 [*0-d800 | 0799
46 || 21 04590 | 0-5367 | 06140 | (6910 | 07677 || 08440 | 09200 | 09956 | 10709 | 1-1459 | 0763
47 12206 | 1-2948 | 19687 | 14423 | 15166 || 1-6HRG | 1-6613 | 17836 | 18056 | 16774 | 0730
48 19487 | 20198 | 20906 | 21611 | 22318 || 28012 | 2:3708 | 24401 | 25001 | 25779 || -0699
i |
49 || 21 28464 | 27146 | 278254 26501 | 20174 || 20845 | 30613 | 31178 | 31841 | 22501 || -0671
&0 33159 | 34814 | 34466 | 85116 | 35763 | 36608 | 37050 | 87689 | 3-8326 | 38060 | D645
31 89502 | 4°0221 | 40848 | 41472 | 42094 | 42713 | 43330 | 43944 | 44556 | 45165 || -0819
62 || 21 45772 | 46877 | 46970 | 47570 | 48177 || 4B773 | 49367 | 49958 | 50547 | b1l I L]
B3 AITIO | 2302 | 52882 | 53460 | 54086 || 54610 | 65182 | 5ATE2 | 563207) G-n98e | m
54 G7450 | G-BOL2 | B85T2 | GULB0 | 59686 || 60240 | 60792 | 61842 | 61880 | 62436
B6 \21 62980 | 63622 | 64062 | 64600 | 65136 || 65070 | 6:6202 | 66732 | 67260 | 67786 ;| 0534
46 68311 | 68834 | 69855 | G9B74 | 7-0801 || 70807 | 71421 | 71933 | 7-2444 | 72958 || 0516
&7 173460 | 73965 [ T4460 | 74971 | 75471 || T-5970 | T-6407 | 76962 | 77456 | TTME (| ‘0409
B8 21 78488 | T-R928 | TOUT | 79904 | B-03R9 || 80873 | 81356 | 81887 | 82316 | 82793 || -0488
59 88971 | 88746 | R-4220 | 84692 | 85163 || R6652 | 86100 | 86568 | 87031 | 87404 || 0468
0 87957 | 68417 | 8BBT7 | 89334 | 80791 || 90246 | 90700 | 91162 | 91608 | 920569 || D454
€1} 21 92501 | 92947 | 93393 | 9-3887 | 94280 |, 9-4721 | 95161 | 96000 | 98087 | 96473 || 044l
62 96908 | 97341 | 97773 | 98204 | 98683 ‘ 9B062 | 99480 | O-B914 [*0-0388 |*0-0761 || -0428
68 || 22 01183 | 01604 | 02023 | V2441 | 02858 || 03273 | 0-3687 | 04100 | 0-4512 | 04922 || D416
64 05832 | 05740 | 06147 | 06552 | 0-6957 || 07860 | 07762 | 0-8163 | 0-8568 | 0-8962 || 0403
a5 09859 | 09756 | 10151 | 140544 | 1-0087 || 1-1828 | 11718 | 1-2107 | 1-2485 | 1-2881 |I -0801
€6 13267 | 18651 | 14034 | 14416 | 14797 || 16177 | 165655 | 1-6988 | 1:6809 | 1-6684 || 0879
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0 1| 2 s]-& 5 | 8 | 7| 8 | 9 |Dm

w8

2R 38y Rs8

& BBE By 2R 8ux

s

3
o

£28 232 2% WL $TE 288 Bn

feat. feot. feat. feat. feet. foet. feot. | feet. feet. o+
1066 1238 1409 1578 1745 1910 2074 2236 2597 2557 168

216 2871 3026 8180 8333 5484 3633 8782 a8y 44075 151

42320 4363 4506 4647 4787 4926 5064 5200 5338 5471 139

se04 | o737 | sees | o900 | 6120 || 257 | 6385 sm] 6637 | 6762 || 1%
GBRE T009 7132 7263 T878 7493 7612 7780 7847 | 7964 150
. 8079 | 8104 | 00| 842z | 8685 | 8647 | 6708 | 868 | €972 | 9087 || 113

9106 8504 M11 9517 9623 9728 8830 0957 | 10040 J 10142 105
10244 | 10346 | 10447 | 10546 | 10645 10743 | 10841 | 10939 ' 11184 98
11280 | 11326 | 11421 | 11516 | 11610 || 11704 | 11797 | 11890 | 11982 | 12074 94

12165 | 12256 | 12346 | #2436 | 12525 12614 | 12703 | 12791 | 12878 | 12066 89
18052 | 13189 | 13224 | 13810 [ 13385 || 13480 | 18564 | 18648 | 14751 f 13814 B85
13896 | 13079 | 14060 | 14143 | 14223 | 14303 | Id4dud | 14463 | 14543 | 140622 81

g

14701 | 14779 | 14857 | 14835 | 15013 15090 | 15167 | 15244 | 15419 15385 kil
15470 | 16545 | 15620 , 15604 | 15768 15842 | 15916 | 15080 | 16061 ' 16184 14
16206 | 15278 | 16450 | 16421 | 16492 16563 | 16633 | 16703 | 16773 16848 71

169121 | 6981:2 | 7050-0 | 71185 | 71867 || 72547 | 78224 | 7380-B | 74570 | 75239 880
T500:6 | TEST-0 | T7U82 | 77801 | Tea4T || 70201 | THE5-3 | BOSOZ | Bl14R | B1798 654
82435 | 83076 | 83712 | 84347 | 64080 || 8561-0 | 86284 | 86864 | 87488 | 88109 630

1 8872:8 | 89345 | RH9E-0 | V0572 | OIIR3 || 91791 | 92397 | 93001 | 98603 94208 808
O40-0 | 9530 G | 950B-9 | B65R1 [ 9T1T-0 | 97753 | DHA43 | BROZG | DUSOR *0008T H87
2 0066-5 | 01240 | 01814 | 02885 | 02955 || 03623 | 04000 | 04654 | 05217 | 06777 568

|
|
2 0633-6 | 06893 | 07448 | 0B001 | ORAG3 ! 0910-2 | 08650 | 10196 | 10740 ; 11288 550
1182-4 | 12063 | 12000 | 13435 I:itll‘i!rl 14502 | 160%-2 | 16661 | 16088 | 16614 532
r
|

17138 | 1766-0 | 18181 | 18700 | 19217 || 19783 | 20247 | 20760 | 21271 | 21781 518

24806 | 2530-5 | 2580-2 | 26207 | 26791 500
29725 | H0207 | BOGRHE | 811690 81647 485
aennd || 470

b 92080 | 22796 | wannd | 23R04 | 24306
2798-4 | 2TTH , w4 | 2BTHL 20248
$2125 | 92600 | 33075 | B3648 | B4020 | 34400 | 34059 | s0426 | 86H92

2 3682-0 | 37231 'ﬂ’--i'l 8200 | ARGHS || 3011-4 | BO6G-D | 4002:2 | 4047-4 , 40020 456
41374 | 41822 42268 | 42714 | 43157 || 43600 44041 | 44481 | 44910 | 456857 443

45792 | 46227 | 46660 | 47092 | 47523 || 47952 | 4HB81 | 48508 | 49233 | 49667 479
2 60084 | G050-2 | 50023 | 51342 | G1760 || B21T-0 | B2GO2 | 53006 | 53419 | 53BI0 417
54240 | 64649 55057 | 55464 | 5SBG9 | BE2TA | S667-6 | KTOT-B | HT4T-R | BTRTH 404
58276 | BBET-3  AO0GD | SU46'4 | BYSHEB || G025 | 60642 | 61038 | 61422 | 61810 393

|
2 82198 | A268-4 62060 | 63358 | 63736 || G411H | 64400 | G4RT-D | 68258 | 6563°C 8832
66013 | 06389 66704 | 6TIDT | G6751'0 || 67882 | GR253 | 6RO2H | Gayyg | 69861 872

69748 | 70094  Tuded | TUB4 | TLISE § 71050 | TIONQ | T2T3 | 72683 72007 || 868

2 73851 | 78708 740065 | T4421 | 7477°G || 7513-0 | 7483 | THADG | T6188 | 78539 864
TOER | TT2R  TT68T | 77935 | TH28-2 || TBG28 | TBIT-4 | TY41'K | 79662 , B000-5 846
BOG4T | BOGR-Y | BIOB0 | B13T0 | E1709 || H204B | HASG | 82723 54\‘.!5'0] B83D5 389

2 83730 | 84065 84398 | 84731 | 84064 | BAISS 8572 | HE0KG | 863R6 | 86715 832
87043 | 87371 | 87698 | 88024 | 88350 | BeATH | BOOO-O 23 | BUG4T 1 89060 325
90291 | 90612 90032 | 91252 | 91671 i 9189-0 | Y2208 25 | 92842 | Q8108 819

2 03475 | 9378R | 94108 | 94416 | 04720 | 95042 | 968h4 | 0566 | 05076 | 06287 813
9659-6 | 96906 | 97214 | YT522 | GTRI0 || OBLST | D844y | OBT4D | 09054 | 99459 01
99663 99‘08"1; *0027-0 |*0057-3 * 008T-5 [ OLIT-7 [*0147-8 *01778 |* 02076 {*02378 303

302676 | 02075 | 03275 | 05570 | 03867 | 04169 | 04459 | 04754 | 05049 | 05343 204
05656 | 05020 06222 ! 06514 | 06806 | 07097 | 07487 | OT6TT | 07967 | 08256 291
0854-5 | 0B83-3 ' 09121 | (9409 | OweSG | 0U98-2 | 1026-8 | 10565-4 | 10889 | 1112-4 286

9 11408 | 11692 | 11976 | 12260 | 12643 | 12825 | 13108 | 13390 | 13671 | 18982 288
1423 14513 14798 | 15078 | 16352 || 16600 | 16004 | 16187 | 16464 | 16742 219
1701 17995 | 17671 | 176846 | 18122 || 18396 | 1867-1 | 18945 | 19219 | 19492 16

8 1976'5 | 20037 | 2031-0 | 20681 | 20863 || 2112+4 | 213%-4 | 21664 | 21934 | 22204 271
9247°8 | 22742 | 2801-0 | 28278 | 24545 || 24813 | 24070 | 24346 | 24612 | 24877 287
2514:3 | 25408 25672 | 26936 | 262000 | 26463 | 26726 | 26089 | 27261 | 27618 2%

8 20775 | 208 . 29997 | unss7 | 28817 || 20077 | 2987 | 20596 | 20854 | so11a || 260
o> 30870 | 80628 | 80885 | F14-% | 51598 [| 31654 | 31910 | 32166 | 32420 | 22674 || 256
52628 | 88187 | 83435 | 54688 | 83941 | 54103 | 34446 | 54696 | 34047 | 35108 ||° 252




of Valuea of Lt for Ogival-headed Shot:

£5 A General Table
v

0 1

2

222 228 [XR 28I

8%%_832

it
=2

102
103
104
105
106
108
108
110
111
112
118
114
115
nu7
118
119

121

secs. BECE.
22 17059 | 17432
20742 | 21106
24323 | 24675

22 27806 | 28150
31196 | 81530
84492 | 34816

22 87694 | 38009
40804 | 41110
43828 | 44125

22 46769 ;| 47058
49624 | 4-9905
52394 | 52666

22 55079 | 55343
57685 | 67041
60214 | 60463

22 62669 | 62910

65044 | 65277
67337 | 67662

22 60551 | G978
71688 | T-1898
73752 | Th054

22 T-5746 | 75042
TI6TT | T-TRGG
T9h44 | TUT27

22 81346 | #1523
B30 | #3261
B4778 | 4043

22 8A411 | R65T2
BT954 | BRI0
BO002H | HORTR

22 01014 | 91160
42454 | 925306
fURAL | 93989

22 05207 | 95340
F6a22 | Wbl
@T796 | 97921

22 99024 9144
28 00177 | 00287
01226 01325

23 02170 © 02259
03081 | 03114
03836 03913

28 04598 | 04667
05314 | 05581
06004 | 06071

23 04668 ' 06733
07311 | 07474
07936 | 07907

23 0PRG4S (RGOS
00142 [ 00200
09720 ' 09777

2 10283 | 10338
10832 | 1-0K86
17367 | 11420

23 11889 l 11941
12399 | 12449

12896 | 12845

Baca.
17804
1466

25027

28492
$1863
35140

38323
41418
44422

47347
50185
52037

50606
HRLOT
60711

63141
65500
67786

69084
T2107
74156

76137
TROLE
TH908

B1609
R9492
#5109

B67I2
A RI0G
BUBR2R

-1anG
2747
94126

5473
6780
DHM4E

9262
(0396
1423

02347
0314
LUt

(4740
05454
06159

06798
07437
08059

N-R65
0-9259
09833

10394
10940
11473

11992
12499
12094

]
[ 8| 4| 51 6 | 7] 8] o |om
BECH. BECS, REA, BOCH, BECH, i EBCS. Becs. +
18175 | 18546 || 1-8914 | 19281 | 1-0648 | 2-0014 | 20378 || 0388
21827 | 22186 | 22545 | 22602 | 28259 | <3614 | 2:3969 || 0858
26377 | LETLT | 26076 | 26424 | 26771 | 27117 | 2-7462-| 0348
28833 | 20174 || 29513 | 29852 | 30189 | 30526 | 30862 ! 0839
#2106 | 32626 || 32856 | 93185 | 33513 | 33840 | 34167 || -0380
35462 | 35784 || 36105 | 36424 | 36743 | 87061 | 87378 || 0820
SRB36 | 38949 || 39260 { 39571 | 39881 = 4-0189 | 40497 || 0811
41720 [ 4-2024 || 42326 | 42628 | 42929 | 43230 | 43529 | 0808
44719 | 45014 || 45308 | 45602 | 45805 | 46187 | 46478 || 0204
47635 | 47022 || 48208 | 4R483 | 48777 | 40060 4'9343 || -0286
0464 | 50742 || 51020 | 51296 | 51572 | 51847 | A2121 | -0277
53208 | 53478 || 549747 | 54015 | 54282 | 54549 | 54814 || -0288
I
56869 | 56190 || 56391 | 56652 | 56071 | 57170 | 57428 || -0261
BR452 | HRTOG || G8950 | 59212 | L04Bn | 59714 | 59965 || 0258
60959 | 1205 || 61451 | 61606 | 61941 | 62184 | 62427 || -0246
63390 | 68629 || GA86T | 64104 | 64340 ' 64576 | 84810 || 0087
65740 | 65071 || 66201 | 66430 | 66658 66885 | 67111 (| -0229
6809 | 68202 || GB4D4 | 6H675 | 68895 | 69114 | 0538 | -0221
70200 | 70415 || 70629 | 70842 | 7055 1 71267 | 71478 || -0214
72315 | 72502 | 72724 | 72485 | 75140 | 79345 | 73549 || 0206
74357 | T4568 || TATET | T4956 | 7-5156 l 76363 | 75550 || 0199
76992 | 76526 || T-RT10 | 76012 | 77104 | 77205 | 77480 | 0198
TRM4 | TH491 (| TRGIA | THROL | TR991 . 70176 | 79360 || 0187
80091 | 80212 || 80452 | 80622 | 80812 ‘ 8 81168 || 0120
B1RTE | R2050 || R2295 | 82399 | 82573 82746 | R2018 || 0174
83602 | 83772 || s9941 | 84100 | 84277 | 84445 | 84611 || -p16%
£5273 | 86437 || BOGUL | 85764 | 85927 | S60H0 | 86250 || -0163
86802 | 87051 || 87200 | 87967 | 7525 | 87682 ;| BTA3R | -0158
88459 | RRAIS || BHTHT | 88920 | £0073 | 89225 | 80376 || 0153
BC978 | 0128 || 90276 | 90425 | 90573 | 90720 | OUK6T | -0id9 -
w1481 | o155 | 01740 | 01884 | 99027 | 92170 | 92312 || -0144
92878 | Hanls 93158 | 93298 | 93487 | 98575 | 93713 0140
94262 | 0-4308 || 94584 | 94670 | 94805 | 94839 | 96073 | -0136
95606 | 95798 || 96869 | 96001 | 96132 | 96262 | 96392 i -0132
SRS | BTORG w7164 | w7291 WT7418 | 9ThHd4d | OTRTO 0127
98170 | 95294 || 9.8417 | OB540 | 98602 | 98783 | OBU04 || 0128
9380 | 90404 U612 | 99727 | 90841 | 90asd |* 00066 0116
00504 | 0-0610 || 00716 | 0-0820 | 00923 | 0:1025 | 01126 || -0105
01320 | 01615 || 01710 | 01R04 | 01897 | 01488 | 02079 || -0094
02435 | 02522 || 02600 | 02694 | 02780 | (2864 | 02948 || 0086
0-3ah% 03459 | @-3520 | 0-3599 | 03678 | 03757 0080
04143 /| 04219 | 04295 | 04370 | 0-4445 | 04519 | -0076
04813 | 04885 || 04958 0072
05624 | 05508 O-hG62 0069
06208 | 06272 || 0Gsy 0036
06863 | 0:6928 || 06992 0084
07500 | OTHRS || 07625 0062
08120 | 08181 | 08242 0061
08728 | O-R7RT || 08847 0059
09317 | 09375 || 09433 0058
09890 | 09947 || 10003 0056
10449 | 1-0504 || 10559 0065
10994 | 11048 || 11101 0054
11525 | 11578 || 11630 0052
12043 | 1-2095 || 12146 *0051
12549 | 1-2599 || 1-2649 0050
18043 | 1-3091 || 13140 0049




a2
. V. a’ .
4 General Table of Values of —s for Ogival-headed Shot. 159
v 0 1 2 3 4 5 6 7 8 9 |l Dim.
18, foat, fent. feat. foet. feot. feet, foat. foat. feet. feat. +
67 8 8n44°8 | 36698 | B6O48 | 36108 | 86447 || 36695 B8694-5 | 37191 | 27439 | 37086 948
68 8705-3 | 88180 | 88426 | 38672 | 88917 || 89162 | 89407 | 38652 | BY8HS | 40140 T3
] 84 | 40627 | 4087-0 | 41113 | 41356 || 41598 | 41840 | 42081 | 42822 | 42568 2#3
70 3 42804 | 43045 | 43285 | 4352+4 | 43764 || 4400-3 | 44241 | 44480 | 4471°8 | 44955 239
1 4519-3 | 454430 | 450666 | 45002 | 46148 ; 4637-4 | 46609 | 46844 | 47078 | 47813 285
72 47547 | 4777-0 | 48013 | 48246 | 48470 || 458741 | 48942 | 40174 | 49405 | 49696 289
98 8 4086:6 | 50096 | 50326 | 50655 | GOTR4 | 51013 | 51241 | 51469 | 51696 | slea4 228
74 6216°1 | 52877 | 52603 | 52820 | 53045 || H3280 | H3505 | HATHO | BAwh4 ] 54178 205
5 54402 | 6462°5 | 54848 | 55071 | 56293 || 55615 | H5T3T | 6O958 | HGIVY ! SG400 222
76 3 56021 | 56841 | 57060 | B728-0 | 57400 || 57717 | 57935 | BRI63 | 6RAT-0 | 6BS8T 218
qT 58804 | 59020 | 50236 | 59461 | 69666 || HUSE-1 | G005 | GO30H | GOG22 | 60736 215
78 60948 | 61161 | 6137-3 | 61584 | 61706 || 62007 | 622017 | 62427 | 62657 | 62846 2kl
9 3 63055 | 63264 | 63477 ) GIRRD | GIARB | A409-5 | 64302 | 64508 | 64714 | 64920 207
B0 65126 | 65831 | 65536 | G740 | 65944 || GOL4-B | 66351 | 66554 | GATHT | 6b8sD 204
81 67161 | 67303 | 67564 | 67765 ; GTNGH 6b16-5 | 68365 | GBAG4 | 68763 | 68961 200
82 8 6916-0 | 69357 | 69555 | 697561 | 69048 [ 70144 | 70830 | TO5B4 | 70720 | T0023 1946
83 T111°7 | 71310 | 71608 | 71696 | 71A8:8 TE07e | 72271 | T246°1 | 72662 | T2841 191
84 73081 | 73220 | T340-8 | 78006 | TITE4 78971 | 74158 | T484-¢ | 74530 | 74715 187
85 8 74000 | 75085 | 75264 | 75458 | 75636 75818 | 7600°0 | T61A2 | 76363 | TRhd4 182
86 T6724 | 76005 | 77084 | 77264 | 77442 FI620 | 7IT0D | TTHT6R | TRIG4 | TR 178
&7 7850-8 | 78642 | TERH8 | THO3B | TH208 TO38% | 70666 | TUT30 | Tu0rd | BOOT6 174
8¢ 3 PG248 | 80420 | 80602 | ROTAE | K093 4 || 81104 | 81274 | Bl44-4 | BI1G1D ; RI782 170
&Y 81050 | B2119 | 8B22RG | 82454 | 82621 B2TRT | B205-4 | HBL20 | BUPs-5 | H3460 166
90 8361°5 | BBTT-9 | 83943 | 84107 | 84270 5448 3 | B459G | B4TO 8 | 849240 | BOOS2 168
1 3 85243 | BH404 | BhSGw | B6T24 | BORB4 RGO43 | AGZ0 G | 86301 | BAG2D | HEGT-R 159
92 BARYS | 86993 | RTIH0 | RTA0T | B74R 3 K761 9 | BI775 | 87930 | 8808-5 | #4240 1658
93 BR304 | BES4B | 88702 | R88GH | BO00 #9161 | 89813 | 894065 | BUGL-T | BOTGH 158
4 3 BOO1-G | 9007-0 | 9022:0 | 9037-0 | S052-9 G649 | 90819 91116 | 91264 150
85 S141 2 | B15A0 | OITOT | O1854 [ 92001 92147 | 92293 | 02439 | 02584 | G272 148
e 92974 | Y3019 | 93163 | i30-7 | 93450 || 9804 | 03737 | Q3879 | 94022 | Ml64 143
6‘7 3 043006 | 4447 | 94580 | 04730 | 04870 ah501-1 | 95151 | 95201 | 95430 | 95570 140
o8 Q5708 | BGERET | wApE6 | 98124 | 96261 30 Y | Y6536 | 66T 3 | DRI | DENMG 137
9 DT083 | 97219 | 97354 | 07490 | 97625 9775 | UTRS4 | 98028 | BBLG-2 | YB2HG 188
160 3 OR420 | 9RGA3 | OREHE | 9AS2-G | 08961 20003 | 9922-56 | 99357 | D04RB | 99619 132
101 BITE0 | G5BT 000 1 (* 00141 * 00271 (* 00400 [*00529 (*0066-8 *O0TRT [ N4L-S 129
302 4 0L043 | U1171 | 01208 | 01425 | 016562 01678 | 01804 | 01929 | 02054 | 02178 126
103 4 0230-1 | 02424 | 02646 | 02668 | 02788 | 0290-8 | 08027 | 03145 | 0326-2 | 08378 119
104 04494 | 03608 [ 08722 | 08834 | 089456 | 040066 | 04165 | 04273 | O4a8] | 04487 1190
104 04502 | 04696 | 04790 | 04900 | 0500-1 || O0510-1 | 05200 | 0G20-8 | 063956 | 0640 2 ]
104 4 08587 | O56R-2 | O577:6 | 0586-9 | 0596-2 §| 06054 | 06145 | 06236 | 06326 | 00416 2
107 06505 | 06593 | OAGR1 | 06769 | OG86G || 06942 | 07028 | HT114 | 07190 | 07284 86
108 07568 | Q7462 | 07536 | 07610 | 07702 || 07784 | 07866 | 07948 | 08029 | 08110 82
109 4 08190 | 0B27-1 | OR350 | 0843-0 | OR509 || ORGSH | OBGAY | 08746 | 08824 | 0BOO-2 79
110 4 [ 0905 69184 | 09911 | 09287 || 09364 | 08440 | 09515 | 09561 | 0VG66 76
111 42 | 00816 | 098yl | 009G-6 | 10040 || 10114 | 10488 | 10262 1033'5! 10409 T4
112 4 10482 | 10555 | 10628 | 10700 | 1077:3 || 10845 | 10817 | 10890 | 11061 } 11133 72
113 11206 | 11276 | 11345 | 11410 | 11400 || 11561 | 11632 | 11702 | 11773 | 11844 71
114 11914 | 1198+4 | 12054 | 12124 | 121u4 | 1296+ | 12383 | 12403 | 12472 | 12541 69
115 412610 | 12679 ; 12748 | 12817 | 12856 || 12054 | 1802-3 | 13091 | 13159 | 13227 &8
116 13295 | 13368 | 18481 | 1340k | 13566 | 136848 | 18700 | 13767 | 18854 | 13001 87
17 13968 | 1408-5 | 14101 | 1416'8 | 14234 || 14300 | 14366 | 14432 | 14498 | 14564 a8
118 4 14820 | 14095 | 1476-0 | 1482-6 | 14801 || 14956 | 15021 | 146086 | 15161 | 16216 65
119 16280 | 15344 | 15400 | 15473 | 15537 || 1500:1 | 156656 | 15729 | 16792 | 15856 64
120 15919 | 1598-8 | 16046 | 16109 | 1617-2 || 10285 | 16298 | 18361 | 16423 | 16486 63
121 4 16548 | 16611 | 1667-3 | 1673-C | 16797 || I6RG9 | 16921 [ 16982 | 17044 | 1710:5 62
122 17187 | 17228 | 17289 | 17356°0 | 1741-1 || 17472 | 17688 | 17604 | 17654 | 17716 &1
128 17776 | 1788'6 | 1788-6 | 17956 | 18016 || 18076 | 18186 ' 18196 | 18256G | 18315 €0,




B0 A General Table of Valuss of %é Jor Ogival-keaded Shot.

® 0 1 2 3 4 &

f.8. BecH. B6CB. | BOCH, | BOCH. | BeCA.

194 || 23 15381 | 18429 | 1-3477 | 18524 | 1-3572 ]Mlﬂ
135 1-8855 | 13902 | 18948 | 13995 | 1'4041 || 1-4088
136 14818 | 14364 | 1-4410 | 1.4455 | 14501 | 14546
127 {F 28 14771 | 14816 | 14860 | 14905 | 14949 || 14903
128 15214 | 16257 | 15301 | 19846 | 15888 || 1-5431
129 15647 | 15690 | 16732 | 16775 | 1'6818 || 1-5860
180 || 23 16671 | 16113 | 161556 | 16196 | 1'6238 || 1-6280
181 1-6486 | 165627 | 16668 | 16609 | 16650 || 1-6690
152 16893 | 16938 | 16873 | 17003 | 17058 || 1-7083
188 || 928 17201 | 1:7381 | 17370 | 17410 | 17449 || 17488
184 17682 | 17721 | 17760 | 17798 | 1-7R3T || 17875
185 18066 | 15104 | 18142 | 18179 | 18217 | 18255
186 [| 23 18442 | 1-8479 | 18617 | 1'8554 | 1-8501 || 18628
187 18812 | 18848 | 1-8885 | 18921 { 18958 | 18994
188 19175 | 19211 | 19247 | 19282 | 19318 || 19354
189 1 23 19532 | 19567 | 1-9602 | 19688 | 19673 )| 19708
140 1 10018 | 19952 | 19987 | 20022 | 20056
141 20228 | 2:0263 | 20207 | 20331 | 2-0365 || 20390
142 || 23 2-0569 | 20602 | 20036 | 2:0670 [ 20705 || 20737
143 20904 | 20937 | 20970 | 21008 | 211036 || 21069
144 21284 | 271267 | 21209 | 21332 | 2:1364 || 2:1397
145 i 28 21559 | 21581 | 21624 | 2-1656 | 21688 || 21720
146 21880 | 21912 | 21944 | 21975 | 22007 || 22038
147 . 24197 | 22228 | 2:2260 | 22201 | 2:2322 || 22354
148 || 28 22509 | 22040 | 22571 | 22602 | 22633 || 22664
149 22818 | 22849 | @ORTY | 2-2010 | 22040 ) 22471
150 23123 | 28158 | 23183 | 28214 | 25244 || 23274
151 || 23 28424 | 23454 | 28484 | 28514 | 23544 || 28578
152 5722 | 23751 | 2-8781 | 23810 | 23840 || 23869
158 4016 | 24046 | 24075 | 24104 | 24133 || 24162
154 || 23 24308 | 24337 | 24366 | 24305 | 24424 || 24453
155 24507 | 24625 | 24654 | 24683 | 24711 24740
158 246882 | 24911 | 24939 | 2:4967 | 24996 || 2-5024
157 23 25165 | 25198 | 25201 | 24249 | 26277 || 26305
158 205444 | 25472 1 26500 | 2-5528 | 2556h || L55RY
160 L5721 | 2BT4B | 25776 | 25803 | 25831 || 25858
1680 || 23 25894 | 26022 | 26049 | 26076 | 26103 ;| 26130
161 26265 | 26292 | 26319 | 26340 | 26373 || 6400
162 20683 | 26560 | 26586 | 26615 | 26640 || 26666
163 ] 23 26798 | 26825 | 26851 | 26877 | 2:6903 |} 26930
164 | 27061 | 2TO87 | 27113 | 27139 | 27165 || 27191
165 | 7520 | 27546 | 27372 | 2TRUR | 27428 || 27440
166 | 23 27577 | 27603 | 27628 | 27854 | 27679 | 27705
167 | 27832 | 2TRAT | T7H82 | 27908 | 27933 | 27458
168 28084 | 2:8109 | 28134 | 2:8159 | 28184 || 26209
160 || 28 28333 | 28358 | 2-8383 | 2R407 | 28432 || 28457
170y QH5H0 | 28004 | 28629 | 28653 | 28678 || 2RT02
mn 28824 | PHB4H | 2BETZ | 2BRNG | 28921 || 28845
17¢ || 28 29065 | 2008p | 20113 | 29137 | 29161 || 29185
1718 29304 | 29328 | 29852 | 29376 | 29809 || 20423
174 29541 | 29565 | 29588 | 29612 | 29685 || 29859
175 || 28 29776 | 20799 | 29822 | 29845 | 29869 | 20R02
178 80008 | 30031 | 30054 | 30077 | 8-0100 || 30123
131' $:0287 | 3-0260 | 30283 | 30808 | 50820 || 30851
178 || 28 30465 | 3-0483 | 80510 | 3-0533 | 30555 || 80578
179 80680 | 30713 | 30736 | 30757 | 8-0780

18p 50913 | 30935 | 30058 | 30980 | 31002

]

Becs,

13667
1-4134
14581

15038
15475
16802

1-6321
18731
17183

17527
17918
18202

1665
18080
12590
18743
20091
20433

2'077(!

30600
30824

30802
31024 § 31045

14636

15082
1-G518
1-59456

16362
16772
17178

17666
1-7952
1-8380

1-8702
19067
1-0425

19778
20125
20467

20804
1135
1462

21754
22102
22416

22726
23082
Tadse

23033
+A928
2+4221

24510
24797
25080

245861
25638
25913

26184
26457
L6718

26082
AT7243
27600

27756
28008
LELH8

PBIDG
28751
28993

9233
29470
29706

29988
30162
30397

30628
30847
31068

] Dig.
geon ||+
13508 1| 0047
114272 || 0048
174726 || 0045
15170 || 004¢
16604 || 0043
16029 || -0043-
16445 || 0042
16852 || 0041
17252 || 0040
17644 || -0089
1:8028 || -0038
18405 || 0088
18775 || 0087
16189 |} 0086
19496 || -0038
19848 || 0085
20194 || 0085
20585 || 0084
20870 || 0084
21201 || -0pa3
21527 || 0088
21848 || 0082
22185 || 2482
22478 | 0083
22787 || -0081
24008 || 0050
23384 || 0084
2:2692 || -0030+
23987 || wu29
24279 || 0029
24568 || 0029
24854 || 0020
25137 || -0028
25416 || 0028
25608 || 0028
26067 || ~0027
26988 || 0027
26506 '| 0027
26772 || 0026
27034 || 0026
27204 || 0026
27552 || 0028
278068 || 0025
28059 || 0025
28308 || 0025
28565 || -0025"
28799 1 0024
29041 || -0024
29981 || 0024
29618 || -0024
29752 || 0028
29985 || 0028
80215 || -00gB
80442 || 0023
30668 || 0023
808911l 0022
81119l 0092



A General Table of Values of s for Ogival-headed Shot. 161

v 0 1 2 3 4 ] 6 7 8 9

= i e SHILES

Dift
%:4 4?;;7-& lt;l,:lf:é ]%4 lil??ﬂ Itsegf?' !;al?;k“l Ifﬂs;.;:!) lrgggﬁ lfg‘s ltg‘ﬂ g‘ﬂ
o1

56

18546 | 19604 | 19661 | 19719 | 19776 || 19833 | 19800 | 19048 | 20005 | 20082
127 4 2011°8 | 2017-6 | 2023-2 | L0289 | 20845 || 2040-2 | 20458 | 20614 | 2057-0 | 20827

125 18965 | 19028 | 19082 | 19140 | 19198 || 19256 | 19515 | 19373 | 15480 | 10488
128

128 20083 | 20739 | 20795 | 20850 | 20000 || 20062 | 21018 | 21073 | 21129 | 21184 || 56
129 21289 | 21204 | Y1350 | 20406 | 2146°0 §| 21616 | 21AT-0 | 21624 | 21679 |, 21794 || 65
180 4 21788 | 21843 | 21807 | 219561 | 22006 || 2206-0 | 22114 | 92168 | 22229 | 22278 b5
181 22850 | 22884 | 237 | 22401 | 22545 || 22508 | 22651 | 22705 | 22758 | 22811 &8

152 2286+ | 22018 | 22071 | 23024 | 20076 || 20120 | 23182 | 23236 | 28287 | 23340 || b8
183 4 2350-2 | 28445 | 23497 | 23550 | 23602 || 23654 | 28706 | 2a7hR | 23810 | 2380-2 1| 59
53

134 23914 | 23966 | 24018 | 24060 | 24121 || 2417-3 | 24224 | 24276 | 24927 | 24378

135 24430 | 24481 | 24532 | 24583 | 24634 || 24685 | 24706 | 24787 | 24898 | 24489 | &1
136 || 4 24989 | 24990 | 25041 | 26091 | 25142 || 25102 | 25243 | 26293 | 25343 | 25304 || 50
137 95444 | 25404 | 25544 | 25504 | 25644 || 25004 | 25744 | 2570-4 | 25x48 | onsgg || 50
138 25043 | 25992 | 26042 | 20091 | 26141 || 26190 | 26240 | 20289 | 26638 | 20388 || 49
150 || 4 26487 | 26486 | 26535 | 20584 | 26033 || 26682 | 20781 | 20780 | 20820 | 26878 || 49
140 26926 | 26976 | 27024 | 27072 | 27121 || 27170 | 2721R | 27267 | 23315 | 27363 || 49
141 27412 | 27460 | 2750-8 | 27557 | 27606 || 27055 | 27701 | 27749 | 21707 | 27845 || 48
142 || 4 27893 | 27941 | 27989 | 28087 | 2808 || 28132 | 28180 | 28228 | 28276 | 9R92:3 | 48
143 9857-1 | 28418 | 28466 | 98510 | 2856:0 || 28008 | 28655 | 28702 | 28750 | 28797 || 4T
144 28844 | 28601 | 28938 | 28YRG | 20033 || 20080 | 20127 | 20174 | 20241 | 20207 (| 47
145 || 4 20014 | 20361 | 20408 | 20455 | 20501 | 20648 | 29506 | 29631 | 29088 | 20735 || 47T
146 Y9781 | QU828 | 20874 | 29921 | 29067 || 30015 | 30060 | 30106 | 30162 | 30199 || 46
147 30245 | 80291 | 30337 | 50384 | 30430 || 80476 | 30522 | 30568 | 30614 | 50660 || 48

148 4 30706 | 30752 | DOVOR | 3084-4 | 30800 || B093-5 | R0DRT | 81027 | 81078 | BI11R 8

149 8116+4. #1210 | 31266 | 5130-1 | 81347 || 31392 | 81438 | 31484 | 81520 | 31474 8
150 89162-0 | 81666 4 91710 | B176G | BISO1 [ S1M46 | S1R%-2 | 31947 | D108:2 | 520297 &5
151 4 52072 | B211-8 | 82163 | 42208 | 32253 || 42908 | 323473 | U2GKA | 2433 | TR 5
162 32524 | 82568 | 826143 | A2658 | 32704 [} 82748 | 32708 | A283R | DN | 42028 45
153 3207-3 | 33017 | 38062 | J3106 | 33151 | 38196 | 33241 | 33285 | B433-0 | 33375 &5
154 4 8342:0 | a3464 | 33500 | 33653 | S950R | 30643 | B86RT | 83752 | A9776 | 33821 &5
166 J3K66 | 88900 | 830G | 380D | 24048 || 34087 | 34152 | 34176 | 84920 | 84265 || T 44
156 34309 | 34353 | 34398 | 34442 | J448°6 | V0 | 34574 | 34619 | B4063 | 34TOT e
157 4 34761 | 34795 | 34830 | 4883 | 24927 || 34971 | 35015 | 4A069 | 35103 | 845147 44
158 6191 | 35235 | A5270 | 35323 | BAUGT N 35411 | 35454 | 45408 | B4L12 | BL58B h
150 3503-0 | 3567-3 | BOTLT | 85761 | 35804 || 36848 | 35891 | 35036 | 30979 | 80022 || 44
160 4 3606-6 | 36100 | 306153 | 36196 | 3624°0 || 36283 | 86326 | 36470 | 86413 | 3648 8
161 B6560°0 | 36543 | 36587 | B6630 | BOETE || B6TIG | B6TR0 | 36803 | BOHLD | A68R9 43
162 6933 | 30076 | 37010 | 37061 | 37105 || 87148 | 37191 | 57284 | BI27T | 37820 43
163 4 87863 | 3740-6 | 37440 | 87402 | 87636 || 375T'B | 87621 | a7A6-4 | ATT06 | 37749 || "4:8
164 87792 | 37RA-H | BTRT-H | BT92:0 | 7063 || 3R00G | B8040 [ 38001 | 38134 | 3RITH 43
165 38210+ | 38262 | 38504 | BH34T | BRABD || 38432 | 38474 | 0851LT | 38559 | 1BGO2 43
1606 4 38644 | 38687 | 88729 | 38772 | 88A1-L || 2885'6 | 9B8YD | 38941 | BRORE | 39025 42
167 3006-8 | 89110 | 89152 | 89196 | 39247 || 8270 | 30821 | 39365 | 30405 | 30447 &2
168 80490 | 39532 | 8957-4 | B3961-G | SURSE || 3970-0 | RT42 | 39784 | BOHZE | BUBET +2
189 4 8990-0 | 39051 | 30008 | 40055 | 40077 || 40119 | 4016-0 | 402002 | 40244 | 40286 || 43
170 ||« 40827 | 40860 | 40411 | 40452 | 40404 || 40538 | 40577 | 40610 | 40860 | 40702 2
171 40743 | 40786 | 40826 | 40868 | 40909 || 409561 | 40092 | 41038 | 41076 | 41116 &l
172 4 41157 | 41109 | 41240 | 41281 | 4132 3 || 41364 | 41405 | 41446 | 41487 | 41529 41
173 41570 | 41611 | 41652 | 4189-8 | 41734 || 41775 | 41516 | 41867 | 41898 | ‘41039 || 41
174 41080 | 42021 | 42062 | 42103 | 42144 || 42180 | 42220 | 42207 | 42308 | 42848 || 41
175 4 428897 42430 | 42471 | 42512 | 425563 || 42693 | 42684 | 42675 | 42716 | 42756 41
178 42706 | 42887 | 42878 | 42018 | 42050 || 45000 | 43040 | 43080\ 43121 | 43161 || 41

177 4820°2 | 4324-2 | 43283 | 48323 | 48564 || 43404 | 43444 | 43485 | 48525 | 48565 || 40

178 | 4 48605 | 49046 | 43686 | 43726 | 43766 | 43807 | 43847 | 43887 | 43927 | 48067 || 40
m 440077 | 44047 | 44088 | 44128 | 44168 || 44208 | 44248 | 44288 | 44328 | 44368 || 40
44408 | 44447 | 44487 | 44527 | 44607 || 44607 | 44647 | 44687 | 44726 | 44766 || 40




162 4 General Table of Values of -t for Ogival-headcd Shot,
v 0 1 2 3 4 5 6 7 8 9 | Dit
1.8 BECH. BECH. BECE. Beca. BaCS, BECH. BOCH. Beca. BOCA. BACH. +
161 || 98 31184 | 81156 | 31178 | 81200 | 31292 || 81944 | 31266 | 31287 | 41307 | 31381 || 0023
169 ||~ 31353 | 31375 | 81596 | 31418 | 3440 || 31461 | AT483 | 31605 | 1523 | S1648 || 0033
188 || 31569 | 31691 | 31613 ( 31654 | w1656 || 31677 | 31698 | 31720 | 8174 | 32763 || 0071
184 || 23 32784 | 32805 | 81827 | 3a8e8 | 33809 || 2181 | 3ame | 81933 | 31954 | 31975 ) 0021
185 B1997 | 9018 | $2039 ; 32060 | 30081 ) 52002 | 32128 | w2144 | 32165 | 3-2186 || 0021
186 || 32207 | 52228 | 32249 | 32270 | 32wwl || 32312 | 32433 | 32353 | 32574 | 32895 || 0021
187 || 28 89416 | 32ta7 | 32457 | oers | a9e00 || 92590 | 99540 | noser | aaser | seces || -oom
388 | w2623 | 32043 | 82664 | 32685 32705 | 32728 | B2 | HIT67 | 32787 | $:2808 || 002K
I69 || 8268 | Bus48 | 32069 | w2560 | 52009 | 82050 | 32000 | 3270 | g0 | FB0LL || 0020
190 || 23 33081 | 39081 | a0z | soom | saniz | sonse | as1s2 | sa172 | 39192 | 332 | 0020
191 || ss2as | aaess | Baors | Auend | w313 || 39393 | 5As3 | 98872 | miney | aB412 i 0020
192 ||  aa4s2 | Bas2 | a7 | 33492 | w0011 | U531 | Awa6l | 98571 | 39590 | 33610 || 0020
198 || 23 88630 | 8649 [ 33669 | 5680 | 38708 | 728 | 45747 | ABTC7T | 3878 | 56806 || 0020
194 | Basas | 385 | BasGs | Roest | gaouy (| 39922 | 44042 | FBUSL | 33080 | 34000 || -00I9
265 (| 84019 | 34038 | 54057 | 34077 | 409G || 34115 | 34151 | 34163 | 34172 | 54192 || 0019
106 || 23 34211 | 34230 | 84240 | 54268 | 34287 | mdnneg | 24995 | 4344 | aam02 | 94901 || 0019
107 || T 34400 | B4419 | 54308 | 34457 | 54470 || 34894 ) 34003 | 34532 | 24550 | 54560 || 0019
198 || 84688 | 34GUG | 54625 | 34644 | 34662 | 4681 | 34699 | H4718 | 54736 | S4755 || 0019
199 [ 23 84773 | 34791 | 34810 | 84898 | 54846 {| 54805 | 34883 | 34907 | 54920 | 34038 | 0018
200 B4956 | S4UT4 | S4592 [ BA010 | 35028 #0047 [ FAUGH | 300R1 | 36101 | 85119 | 00I8
201! BBI97 | 96165 | 95172 | w5190 | 36208 || 36226 | o244 | 20262 | 345280 | 25267 || 0018
202 || 25 35915 | 3333 | 26351 | 35368 | 36386 || 55404 | a5e21 | 3430 | osans | npaza || -oo1s
203 || © Badng | 35500 | B5597 | BB | wBA6L || wpatd | A5G | BHG14 | 55631 | 35048 || 0017
204 || 35666 | #5683 J.MULI| BOINT | BOTIS | BEibe | HOTGY | BOISG | HESGs Gaa0 || oma
205 || 23 8537 | GoRs4 | AHNTL | 6888 | 35905 | w5022 | ao0d9 | 35066 | a6073 | asoso || 0017
206 G6007 | BGU24 | HGHG | AE0LT I 36074 6001 | 36107 | B6124 | 86141 | 86157 ‘ 00T
207 | 36174 | SEIOL | 56207 | 56224 | 36240 || 36207 | 36273 | 26200 | 36306 | 36325 | 0016
908 || 23 630 | 36355 | 36572 | 6368 | 36408 || H6420 | 30H7 | 36453 | 30460 | 36485 | 0016
209 || 86502 | 36318 | Gund | 6550 | BOBGE | 8052 | w659¢ | BEGL4 | DG6I0 | 56646 | -wulb
200 || 36662 | B66T8 B6710 | 56726 || 56741 | 36757 | B6773 | 36780 | 30805 I| 0016
211 || 23 36820 | w66 | 50852 | 50867 | 56885 (| 3689 | 36914 | 36930 | 36246 | 26961 || 0018
212 || B6g77 | S6uw2 | ST00% | 57023 | B30 | 37054 | B0T0 | 37085 | B7100 [ BTU6 || 0018
213 s-usﬂ 37046 | 37362 | 37377 | 37192 || 34207 | 57228 | 37238 | 37208 | 37268 || 0018
214 || 28 37283 | 57208 | 8731y | 57820 | $7344 || 87350 | 27574 | 39980 | 87404 | a7419 || -0016
215 BT7434 | 37448 | STARD | BTHR | 7483 ATHOR | BTH2E | FTHOR | 37652 | BTHET (015
216 || 37982 | B875OT | BT61Z | B7626 | BT6AL | 37656 | 7670 | 37685 | 37700 | 57714 || 0016
217 (| 28 37729 1 87743 | BTTA | BITT2 | G777 || 7801 | 89816 | ATRI0 | 37845 | 37860 || 0014
218 f| © 3774 | w7sss | STz | 37017 87081 || 87945 | BTHE0 | 87974 | B8k | 38002 || -0014
210 || BH0I6 | BSOSL | DI | WG | BH0TS (| Be0S7 | HIOL | B8NS | D810 | 3844 || 0014
220 || 23 9158 | w8172 | 28186 | 55200 | amona || amoar | me2e1 | 26255 | w6269 | 5828s | -Oole
221 || 3207 ¢ BA3IL | WBI25 | BHUIR | 38352 || SEA6E | IEBH0 | AW | 3E407 | 38421 || -00M
202 || 38435 | BB448 | DN462 | 38476 | L8489 || 38503 | D8G17 | BEO30 | wRG44 | 38567 || -0014
295 || 23 88571 ' 38584 | 38098 | me611 | 38625 | seess | ascst | 36665 | 9se7s | secee || -oors
24 dems | puis ‘ W2 | BWT4D | TR | 34772 | DGTRD | IUIR | IHIL | I8se4 0013
225 38851 | DBRCL | BBETT | 388D || 3BOUB | 36916 | 38930 | 38043 | 3n 0013
298 || 23 88060 I 38082 | 36995 | 39008 | 39021 || 20084 | 39047 | 20050 | 50072 | 8005 || -0018
397 | o098 | AuI11 | 39124 | GD137 | 30160 | 39162 | w176 | BHINS | 30201 | 30214 | 0018
208 || 39226 | 390 ) B2 | B904 ) 3977 | 39200 | 3908 ) 39015 | $926 | 3904l || 001
220 || 25 80358 | 59366 | 30378 | 39301 | 30404 | 39416 | 39420 | 3944l | 30454 | 30467 || 0018
250 || 29479 | 39402 | 39500 | Bosl7 | 30520 | 30542 | 50554 | 39667 | 30579 | 39562 || 0013
231 || 89604 39617 | BU6ZV | 39042 | 3604 | 30667 | B96TS | B96YZ | 5704 | 39716 || -0012
202 || 25 39129 | 30741 | 30754 | 99766 | 39770 || 39791 | 59805 | us1e | 39828 | 9841 || 0012
233 (|~ 39853 | A9866 | 39578 | 9890 | 89008 | 89915 | 39927 | 39940 | 30052 | 30965 || -0013
234 || 89077 , 39989 | 40002 | 40014 | 40026 || 40089 | 40051 | 40063 | 40076 | 40088 || ‘0012
336 || 28 40100 | 4013 | 40127 | 4017 | 40150 | 40103 | 40174 | 40060 | 40158 | 40211 || o013
386 || 40228 | 4008 | 40243 | 40260 | 40273 | 40384 | 40207 40321 | 40834 || -0013
287 Q46 | 40888 | £0670 | 40583 | 40805 || 40407 | 40410 | 40431 | 40444 | 40458 || 0013




A General Table of Values of °~s for Ogival-headed Shot. 163

[]
| |
vil o 1 l 2 | 3| af 5|6 |7 | 8 9 Do
8. foet. feet, | feot. | feet | feet || foet. feet. | foet. | feet. = feet. || +
181 || 4 4480G | 44846 | $4B86 | 44020 | 44965 45005 | 4504-4 | 46084 | 45124 | 45163 | 40
182 45208 | 45242 | 45282 | 45922 | 45361 || 4540-0 | 45440 | 4548°0 45510 | 45659 || 40
183 45508 | 45637 | 45677 i 4571G | 45756 || 45795 | 45834 | 4067-4 | 45613 i 45962 || 99
184 || 4 45992 | 46031 | 46070 | 46100 | 46149 || 46188 | 46227 | 4626:6 | 46305 | 40344 | 3D
186 46784 | 46425 | 46462 | 46501 | 46540 | 465TY | 4G61B | 46657 46690 | 46785 || B9
186 46774 | 46813 | 46852 | 46891 | 46930 || 46062 | 47008 47046 | 47086 | 47124 ' 89
107 || 4 47163 | 47202 | 47241 | 47279 | 47318 47857 | 47306 | 47434 | 47473 ] 47512 l 39
188 47550 | 47580 | 47628 | 47667 | 47705 | 47744 | 47782 | 4TH2L 47860 | 47808 || 39
189 47037 | 47975 | 48014 | 48052 | 48001 || 48129 | 48168 48206 | 48245 | 48283 | B8
190 i 4 48329 | 48360 | 4R30°8 | 4B4DT | AR4TS | 48514 | 48552 | 48590 4nsz-n! 48667 | 88
191 48705 | 48743 | ARTRL | 4SR20 | 4885R 1| 4KROG | 4RO3-4 48073 | 49011 | 49049 | U8
192 40087 | 49125 | 49163 | 49201 | 40230 || 40277 | 40515 | 49353 49391 | 40429 || 88
! 1
108 || 4 49467 | 40505 | 49543 | JUART | 49610 | 0657 | 4oeoea | 49732 | 40770 | 49807 || 38
194 || 40545 | 49883 | 40921 | 43068 49006 | A4 | 50071 ROTOD | BO14-7 | SOIR-4 A8
195 || s0222 | 50250 | 60297 | GUBS4 50072 ‘ 50409 | BO44T | GOIH-4 | 50521 | K069 ') BT
106 || 4 50596 | 50634 | HOGT'1 | HOT0-R | 50746 I| 50783 | 50820 | H08AT | 5ORO4 | A0mal | 87
197 50060 | 51006 | 51043 | 51080 | 51117 U alinea | 51191 | B1228 | A1206 | ALi02 | @7
198 51339 1 S137°6 | 51412 | SLHY | 51486 | B152s | 5166-0 | G159G | b6y | H1669 | BT
i
199 || 4 51706 | 51743 | S1770 | GIR1G | BI85 | BIRED | 51024 A106-2 | G198 | A200-4 | 96
200 52071 | 52107 | 52143 | A218°0 | K216 || 53252 | A28 8 52925 | 62361 | 62307 || 86
201 52433 | 52469 | 52506 | 52641 | 5677 || 52613 | 52649 GRS | 529l | BIET | 3B
202 || 4 59792 | 62828 | G864 neo3 6 |1 52072 | GR007 | 55043 smoree | Ka114 a8
203 53149 | ABIRG | D320 5320°1 “ 5927 | BunGe2 | snueeT | Andnd | MMHE8 5
204 53508 | BSAE | BBGT 53644 || 53670 | BITI | G4THE | HITR4 | DBSTD | 85
| N
905 || 4 pams4 | 53RRD | BEOZ4 | KA0GY | nsoa4 | 54029 | 54063 | 54008 | 54133 | K167 o 3B
206 | 5490-2 | 54937 | BA2I1 | G406 | BEM1 | BATG | A0 | G444 M4T8 | 64618 | 35
207 54547 | 545871 | 51616 | HG50 | R4GS-E | AHTLD | B4TAD B4TRT | h48E-l | DRSS | B4
208 4 548R9 | 54923 | 55025 ! ns094 | ns1e7 | oo61el | 55104 4
209 55228 | 66262 ; i S50 55430 | neded | Godng | 5531 34
210 A5G4 | 6558 | BBG31 ; AHGOR GATG5 | GaTo8 | nosdd | bosod | 33
| | 1
211 4 BERO-T | 55950 | boud 4 [ BB || BBUGS | G609G | 56129 | B61G:Z 6196 || B8
212 59928 | HG2B1 | GBS S6RR | BOA-Y | DO42D | H64AT | BR490 | 56623 || 33
¥13 6560 | BG5EE  H6G20 5686 || HuT1% | 56751 | BRTHE | BBl | G6848 || B2
214 4 GOSR0 | 56012 BRO4S | BGOTT | 57000 || ATO42 | 57074 ATlud | 6718 | 6TIT0 : a2
216 57900 | G724 | BT26G | BT | STRAL [ KTA69 | 57305 | 67426 | BT400 .'-749-u| 32
216 7520 | BTbA4 | BIAKG | STOLE | 57649 | 67681 | BITIN | ATTH4 ) STITG hiBlR I 32
o7 || 457830 | srarl | 57002 | 57004 | 57066 || 57907 | 68020 | 58060 | AR091 | AR122 | a1
218 58154 | BRIR-5 | ASZICG | GH24B | GKp70 || GHSI0 | Al | ARAT badoe4 | GRS g 31
219 BR40G | 68497 | ASS2E | OROGD | oNuB0 || ARGLL | ASGA2 | DAGRS | 58714 | B8TH4 | 51
200 || 4 5877-5 | 58806 | SORIT | GRBGE | ASRO-D || GSOZ0 | ARG | HROAT | A0 59052 | 31
221 BEORS | Gu1T 59144 | BO1T4 | S5 || DO23G | G066 BOIYG | SWI2T MsT |80
222 59387 | 59416 | 50448 | 54T | 64500 || G95EH | BIGCH 50599 | DYGH0 | GYGE0 | 30
r 1
003 || 4 59600 | 59720 ' 597H0 | K9TRO | B9KI-0 | 6os40 | 60870 | 59900 | 59930 | HIOBD I} 30
50990 | G000 GOO&D | GOOT-D | GOI04 [ 60159 | GU16D | 6019R | GO22E 60258 || 30
926 || 60287 | G017 1 €O346 | GOSTG 6040 5 || GUE35 | BO465 | G044 60524 | 60563 || 80
206 || 4 60583 | GOGL2 | 60641 | GURT-L | 60704 || 60720 | go75a | G0TSR | GNRIT | 60R4T || 29
60876 | 60905 | 6093-4 | GSG3 | G099-3 || 61022 | 61051 | 610R0 | G110-0 | 61138 4 29
228 61167 | 61196 l 61225 | 61954 | 61293 || 61312 | 61341 | 61870 | Gluv9 | 61428 || 29
23 £ 1457 | 61486 ' 61515 | 61544 | 61573 || 61602 | 61637 | 61660 | C1GR-8 61717 || 29
2 01746 | 6177> . G180-4 | 61833 | G186% || 61891 | GIO19 | 61948 | 61977 62008 || 29
231 62035 8206‘4-1 62093 | 62121 | 62150 || 6217°0 | 62208 | 62207 | 62266 | 62295 || 29
939 || 4 62323 | 62364 | 62381 62410 | 62430 || 62408 | 62497 62526 | 62554 | 62583 || 29
233 62612 | 62641 | 62670 | 62699 | 62728 || 62757 | 278G | 62815 | 02843 | 02672 | 29
62901 | 62030 | 62960 | 62088 | 63017 || 63046 | 6307-5 | 68104 | 63133 63162 | 29
935 || 4 83190 6892:0 | 63249 | 33277 | 63308 || 63325 | 63364 | 63393 | 63422 a5l || 29
238 63480 | 63509 | 62538 | 63567 | 63596 || 63625 | 63654 | 63683 | 63712 | 63741 20
237 63770 | 88799 | 63828 | €8857 | 63886 || 6301'5 | 63944 | 63073 | 64002 64081 || 29

M2



164 A Qeneral Table of Values of Lt for Ogival-headed Shot.

v 0 1 [ 2 3
1.». Becs. secs. | secs, | seca,
998 {| 28 40468 | 404R0 | 40482 | 40505
239 40590 | 40602 | 40614 | 40626
240 40711 | 40724 | 4°0736 | 4.0748
941 || 28 40833 | 40845 | 40857 | 4:0869,
242 40954 | 40806 | 40078 | 40990
P 41074 | +1087 | 41099 | 41111
o4d || 28 41195 | 41207 | 41210 | 41291
245 41315 | 41827 | 41330 | 41851
246 41435 | 41447 | 41459 | 41471
947 || 23 41554 | 41566 | 41578 | 41590
248 41673 | 41685 | 41697 | 41709
240 41792 | 41804 | 41815 | 41897
a50 || 98 41910 | 41922 | 41933 | 41945
251 49027 | 42088 | 42051 | 42062
262 42144 | 49156 | 42167 | 42179
958 (| 28 42260 | 4-2272 | 42283 | 49295
254 49876 | 42887 | 42398 | 4410
255 42490 | 42501 | 42513 | 42524
o5 || 28 42603 | 42615 | 42626 | 42637
257 49716 | 42727 | 42738 | 49749
958 42827 | 42838 | 42840 | 42860
259 || 28 42987 | 42948 | 42069 | 42970
260 43046 | 43057 | 4'3068 | 43079
261 48154 | 43165 | 48176 | 43187
962 {| 28 43261 | 43272 | 43282 | 43293
263 43367 | 48377 | 48388 | 43398
264 43471 | 43432 | 45402 | 49502
205 || 23 48574 | 48585 | 43595 | 43605
266 43677 | 48687 | 43697 | 48707
267 43778 | 43788 | 48798 | 43808
268 || 98 43878 | 43888 | 4:BR98 | 43908
g9 40077 | 4-BUKT | 4°3997 | 44007
70 44075 | 44085 | 44095 | 44105
271 {| 28 44172 | 44182 | 44192 | 44201
272 44268 | 44278 | 44287 | 44207
213 44363 | 44878 | 44882 | 44302
974 || 28 44457 | 44467 | 44476 | 44485
75 44501 | 44560 | 44569 | 4-4578
276 44643 | 44652 | 44661 | 44670
277 || 23 44734 | 44743 | 44752 | 44701
278 44824 | 44833 | 44842 | 44850
279 44913 | 44922 | 4:4980 | 44930
280 || 23 45001 | 45010 | 45018 | 4-5027
281 4-5088 | 45047 | 46105 | 45114
282 45174 | 45183 | 4'5191 | 45200
98 || 23 46260 | 45208 | 45277 | 45285
a84 4:5344 | 45352 | 4'6361 | 45369
©86 45427 | 45486 | 45444 | 45452
206 || 98 45510 | 45518 | 45527 | 45585
287 45592 | 45600 | 45608 | 45816
988 45673 | 45681 | 45689 | 45697
280 || 28 45753 | 45761 | 45769 | 46777
290 45832

41602
41721
41839

41957
42074
42190

4-2306
42421
42535

42648
4 2760
42871

42081
43080
43147

43615
448717
44818

434918
44017
44114

44211
44307
44401

444095
44587
44679

44770
44859
44048

45036
4-5128
45208

45208
45378
45461
45548
45624
45705

45765

b
BECH,
40529
40651
40772

40893
41014
41185

41255
415875
41495

41614
41733
41861

41969
42056
42202

+2318
42453
42047

42002
43101
4208

43314
43419
44528

43626
4a724
43828

43924
44027
44124

44220
44316
44411

44uER

44779
44868
44057

4-5045
45131
45217

45302
45386
45469
45551
45632
46713

45708

6| 7 8| .0 [owm
RACH. B008. Becs, Bacs, +
40541 | 40658 | 406584 | 405678 || -0012
40663 | 40675 | 40687 | 40600 || 0012
40784 | 40796 | 40800 | 40871 || -DO1%
40005 | 40917 | 40930 | 40942 || -0012
41026 | 41038 | 41050 | 41062 || 0012
41147 | 41159 | 41171 | 41183 || 0012
41267 | 41279 | 41201 | 41308 || -0012
41887 | 41390 | 41411 | 141428 || 0012
41506 | 41618 | 41680 | 41542 || 0012
41626 | 41638 | 4164) | 41661 || -0012
41744 | 41756 | 41768 | 41780 ! -0012
41863 | 41874 | 41886 | 41898 || -0012
41980 | 41992 | 49004 | 42015 || 0012
42087 | 42109 | 49212' | 42192 || 0012
42214 | 42226 | 42237 | 49248 || 0012
44329 | 42841 | 42352 | 42504 || -0012
42444 | 42455 | 492167 | 42478 || 0011
42568 | 42569 | 42581 | 42592 || 0011
42671 | 42682 | 42693 | 42705 || -0011
49783 | 42794 | 42806 | 44816 || 0011
42893 | 42904 | 49915 | 4202 || 0011
45 43014 | 43025 | 43088 11
49111 | 49192 | 43193 | 43144 11
48219 | 49220 | 43240 | 49250 || 0011
43325 | 49835 | 43346 | 48366 || 001
43429 | 43440 | 40450 | 43461 || 0010
48543 | 43544 | 49654 | 43664 || -0000
43636 | 43646 | 43656 | 4306, || -0010
9748 | 43748 | 48758 | 4768 | 0010
44838 | 48848 | 43808 | 4usea || -0010
43938 | 43948 | 4:3058 | 43068 || 0010
44036 | 44046 | 4'4056 | 4-4066 || -0010
44134 | 44145 | 44153 | 44163 || 0010
44280 | 444240 | 44249 | 44250 || -0010
44826 | 44335 | 44344 | 44354 1| -0010
44420 | 44429 | 44439 | 44448 || 0009
44513 | 44523 | 44582 | 44541 || -0009
44606 | 44615 | 44024 | 44633 | 0000
44607 | 44706 | 44715 | 44725 | 000
"44788 | 44797 | 44800 | 44815 || 0008
44877 | 44880 | 44805 | 44004 || 0009
44966 | 44975 | 44988 | 44992 || 0009
45063 | 46062 | 45071 | 43080 || 0009
45140 | 45148 | 45157 | 45186 || 0009
456226 | 45234 | 45248 | 45251 || 0009
46310 | 45819 | 45327 | 45856 || 0008
45894 | 45403 | 45411 | 45419 || 0008
45477 | 45485 | 45494 | 45502 || -0008
45559 | 45567 | 45576 | 46584 || 0008
46641 | 45648 | 45657 | 45605 || 0008
45721 | 45720 | 45737 | 46745 || 0008
i v
45800 | 46808 | 46816 | 46624 || 0008




4 General Table of Values of s for Ogival-headed Shot.

165

vl o |13 | 38| s 5| 6|7 8| o [pm
8. feet. feet, | feet. fect. | feet. feet. | feet. | feet. | feet. feat, o+
238 4 01060 | 64089 | 6411'8 | 64148 | 64177 j (4206 | 64285 | 64264 | 64293 | 64822 29
289 G435 64380 | 62400 | 64438 | Gd46°K | G497 | G456 | G466 | G458 4 | 04013 T8
240 64842 | 64671 | 64701 | 64740 | 64750 |I G478H | 64817 | 64846 | 64876 | (4006 9
{
241 4 64988-4 | G963 | 0400-2 | 65022 | 66051 | GHOR O ' 6510-9 | 65188 | 6A16-R § 65197 29
242 GH22R | GH256 | G5ZHS | 65514 | GO4Y I R537-3 ; 66402 | 60480 | GH46-1 | Gh49-0 99
243 65619 | 65549 | GI6TH | 65607 | 65647 i KoG | GOBYS | 60725 | G704 | 6578 | 28
244 4 GGR1-3 | 03842 | 65KT2 | 65U [ GBAG O | Goded | GEOI-R | GOOM-8 | 6RUT'T 9
245 66108 | 66136 | 66165 | GG19-5 Doeeng | GEIR3 | G632 ) 66342 | 66371 29
246 6640-1 | GE43°0 | 66459 | 6GIN9 G548 | 66677 [ GEGDG | G663-6 | 66665 | 29
247 4 GREDD | B6T24 | 66754 | GOTRI | G681 | GAR42 | GORT2 | 60001 | 66030 | 66060 229
248 BGO84 | 67019 | 67048 | GT0TR | 6TI0T || 67187 | 67166 | 67196 | 67225 | 67255 9
240 87284 | 67413 | 67343 | 67372 | 67402 || 67481 | 6746°1 ¢ o749°0 | 67520 | 67549 9
250 4 7578 | 67607 | 67637 | 67667 | G766 o R7726 { GTT65 | GT784 | G7R1-4 | 67843 29
261 BTRT S | 67002 | 67051 | 67961 | 67990 || GRO2-0 | GRO4D | GROT-H | 6nl0-8 | GBIGT 29
262 GRIGH | GBI9G | 68225 | GH26-4 | 65284 || Guol-g | GRI42 | 6RST'1 | 08401 | 08430 29
253 4 BR45D | OH4SB | GRS1B | 68547 | GRLTG 1 GREO-S | GHG3-D | GROG-4 | HRRO-3 | GRT22 29
254 GRTH1 | GATS] | GHSL0 | GBEI-D | GHNGE | GRE9T | GROZG | GERDE | 68085 | 69014 29
255 69043 | 60072 | 69101 | 69180 | 60159 || GuIs | OW2LT | GU246 | GU2TH | 69304 || 29
266 4 69433 | 693G 2 | 60391 | 60420 | 69440 || G947 ; Gt | G535 [ G564 | GH50G 0
287 69022 | 69650 | GueTn | 69705 | 6977 | 69765 | 69704 | Gos23 | ouks 1 | eoms-0 || e
208 69000 | OO0T | GOUGG | aguned | TOOZS f T0051 | TOUS0 | Tulus | 70137 | TOLGb 4
250 4 70194 | 70222 | TO20 | 7OV | TOO0T | 70885 | 70504 | 70392 | 70420 | T0448 28
260 70477 | F0505 | 70583 | 70560 | 70588 | 70607 | 70645 | TO674 { Toin2 | 70730 || 98
261 0768 TOTEG | TOSI 4 | 70842 | 0870 §| Tusa7 | ToULn | 70958 | Tes | 71009 28
262 4 71087 | FI06A | Tr002 | 71020 | TIME || THI7G ) Y1209 | TIERL T 712560 1 71284 28
263 TIST4 | TESY | TUWew | FLIOT | TI424 || 71402 | TI474 | TLA0T | 71504 | TI66°2 || 28
264 TI589 ¢ T16ET | Ti6d4 | 71671 | 71699 || TI724 | 71754 | 71781 | 718006 | TIRS-D a7
265 4 71863 | 71800 | TI017 | 92044 | TINT ) ‘ ThowD | 72026 | T2053 | 720840 | 72107 27
260 TeUB4 | T2AGL | T2Qsw | 22205 | T2242 | 7o | TG ) T2 | T2an0 | 72477 27
267 T240-4 | TS | TRH68 | TNS | T2012 || TR538 | TS0 ) 7002 ) FRG10 ) 72645 &7
268 4 TERT-Z | TG4 V2752 TEROG | 72842 | TIRAD | FUNE-h { 7261-2 7
269 72088 | T2 5 T B THTLL TS0NT | 7312 | 73160 | 78176 || 28
no 782002 | TH229 Tou TR | TAG0 | THUNG | To41-2 | 73439 28
271 4 78465 | 73491 | 78607 | 78643 | THSG O || 74505 | 73621 TSM.'? 730678 | 7RG a8
272 THT2H | THTST | TRTTT | TARGR | THMRO || THRG-5 | FANSD | TH00°7 | T8 | 70958 || 98
73 TaUE4 | T401 0 | 74086 | 74062 | T4087 | 74113 | 74180 | 74164 | 7410 | T4216 6
274 4 74240 | 74267 | 74203 | T4318 | TEM LD 74360 | 74305 | T442:0 | TH46 | THTL 26
215 TE40°T | T4522 | T454:8 | T45T8 | T400h || 74624 | 74049 | T6T4 | 74700 | T472:5 >5
76 T475:0 | T477°5 | T4R01 | 74820 | T4BGL || 74876 | T4WR] | 74027 | 74052 | 74977 25
m 4 750002 | 75027 | TH052 | TAOT-T | THIOL || 7RI2F | 75152 | TAITT | 75202 | TH22T 5
-8 TH25:2 | THATT | TAI0L | TouRG | THUNL ) THUT-6 | TO40M] | THA26 | TH4H 0 | TH4TO 5
a9 75500 | 75024 | 76549 | TAAT-4 | TOOD || 75624 | THUHR | THOT2 | 75697 | THI2D 25
280 4 7574°6 | TATT-L | TATHS | TA820 | ThRd4 || TORG-R | TSN | TAOLT | 7AN4-2 ¢ TAREE 24
281 75000 | 76016 | TEOZD | 7604 | THOSH |1 76112 | 76146 | 76101 | TGINS | TG00 24
282 76283 | T626°F | T6R | TGIO-G | TGO || 76354 | TOITH | 76402 | 76426 | 764560 4
0
283 4 70474 | 76498 | TGA22 | T6646 | TRAT-0 || 76504 | 7661 | 76642 | 7666:6 | 70690 24
284 76718 | TTHT | TOTRD | TGTHS | T6809 || 76837 | TOHIG | Tare0 | 76004 | 76927 24
286 76951 | 76975 | 7e9u-8 | 77022 ’ TI046 (| 7706-p | 77093 | 77116 | 77140 | 77164 24
286 4 TT18T | 17210 | 77294 | Y728 | TV241 g 77304 | 77326 | TTA5D | VTIT-H | TTBHB 8
28T 77421 | 77445 | 77468 | 77401 | TTALS || TT6BR | 77661 | 77484 | TTROB | 77631 8
288 T84 | TIETT | 77000 | TTI24 | TIVET || TTIT-0 | TITH3 | TI8I'G | 77888 | 77862 3
m 4 ?;?,SIM TT90°8 | 77081 | 7705+4 | TT9TT || TBOQO | THOLE | THO4G | TROSD | T80E2 23
78116
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Trasecrories CaLcuLATED FroM CHRONOGRAPH VELOCITIES.

Before we can make any progress whatever, we must know
the diameter and weight” of the bullet. In all our Express
rifles, we have the diameter ready to hand, the calibre being
given in thousandths of an inch, as *450, *500, &c. ; and the
weight of the bullet is usually stated in grains. Having
these particulars we proceed as follows :

We first square the diamcter of the bullet, and then divide
by its weight, so as to obtain a factor nr co-efficient of air-
resistance, which is the basis of every calculation with this
bullet, and which, in writings on the subject, is commonly

designated as its :%:. In the foregoing pages, the tables on

the left-hand, headed by this symbol followed by the letter ¢,
apply to calculations of fime; those on the left-hand pages,
with an s after the symbol, apply to calculations of space or
distance.

Let us suppose—io take an easy cxample—that the
diameter is *500 and that the bullet weighs 500 grains. We
get the square of ‘500 by multiplying it by itself ; and,
omitting the superfluous cyphers, the resuly i« *25. We have
now to divide this by the weight; and, as the tables which
have afterwards to be worked from are based on the weight
of the projectile “in pounds,” the number of grains in our
bullet has to be reduced to the fraction of a pound. With
500 grains, we see at once that it is {4th of a pound of 7000
grains; and, as the process of dividing by this fraction is
the same as multiplying by 14, we should readily obtain the
required result. Generally, however, the nnmber of grains
does not divide so easily, and the simplest method, in most
cases, is to multiply by 7000 and divide by the number of
grains in the bullet. This is, of course, merely the same as
dividing by the fraction of a pound, which in our case is
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Tno%: OF {; and in many instances this method is more
simple than that of ascertaining the corresponding decimal
fraction, which for the 500 grain bullet would be 071428571b.

The division of the squure of the diameter by the weight
of our bullet will be seen to give 3'5 as the result ; and if we
want to know the remaining velocity of this bullet at any
range—say, 100 yards—we must multiply the 3'5 by 300 (the
number of feet in that range), which gives 1050 as the product.
And now we are in a position to make usc of the tables.

Supposing we know from the chronograph that the mmzzle
velocity of our bullet is 1685 feet per second, we refer to the
table of ** Space” (page 161), and in the line beginning 168,
and the column headed 5, we find that 43970 is the number
corresponding with 1685 velocity. We take this number,
subtract therefrom the 1050 previously obtained for 100
yards, and the remainder is 42920. Referring again to the
same table, we find that the nearest number to 42920 is in
the line beginning with 144, and that, without resorting to
fractions, the remaining velocity would be represented by
1448, or by 1447-6 if yon wish to be morc exact.

Having now obtained the  remuining vcloeity,” you may
desire to ascertain the time of flight or amount of drop of
the bullet in the same distance; and for this purpose if is
necessary to refer to the opposite page relative to “Time.”
You take from this, in similar fashion to the table previously
used, the number corresponding to 1685 velocity, which
is 282:8209 ; subtract therefrom the number corresponding
to 1448, which would be 232 1494; and the remainder (*6715),
divided by the 385 previously mentioned as the factor of
air-resistance, gives you the fraction of a second (-191857)
in which the bullet traversed the 100 yards range.

To ascertain the “ drop,” this fraction of a second has to
be squared, which gives ‘036809, and multiplied by 193 inches
(or 193-145, if you wish to be very particular), as the gravity
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drop for 1 second, and this shows our bullet drop in 100
yards to be a trifle over 7°1 inches. There is a table in Mr.
Bashforth’s book from which the drop of the bullet can be
read off by inspection, when you know the time; and it
is very useful indeed for long ranges, where the drop is
stated in feet ; but for the short ranges required for sporting
purposes, where the fractions of a second are very small, and
the measurement must be given in inches, I prefer to calculate
from the number 198:145, as if you take the fraction of a foot
from the table and turn it into inches,gny little divergency in
the last figure of the dccimal is multiplied 12 times in this
process, and thus makes the differences between successive
ranges appear out of proportion.

CarcurAamion oF Dror ¥roM MuzziE VeLocIvy.

The above long description may be briefly summarised in
figures, with the aid of the ordinary arithmetical signs for
multiplication, division, &e., the same dimensions, weight of
bullet, velocity, &c., being given as before.

500 x 500 = -25, squarc of diameter of bullet;
25 % 7000 grs. = 1750
1750 = 500 grs. = 3 5, factor of air-resistance, or ‘:;!

‘We now have recourse to Bashforth’s tables as follows—
selecting the ¢ spaco number” from the right-hand page, and
the ““time number ” from that on the left :

Bpace Time
Number Number

1685 ft.-sec. volocity 43970 1685 ft.-sec. velocity 232 8209

— 35 x 300 feet: 1050
— Remaining velocity

42920 =  1448ft.-gec. = 232:1494

6715
6715 =+ 35 = 191857 sec. (Time of flight)
+191857 x 191857 = 036809 square of Time.
1036809 X 193in. = 7'1in, drop of bullet.

These calculations are, of course, much more rapidly made
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by logarithms than by ordinary arithmetic ; and the process
is 80 easily acquired, that it is well worth the while of anyone,
not already acquainted with the process, to learn it before he
indulges much in work of this kind.

It may also be as well to mention here that, if “drop”
calculations for comparative purposes are about to be made,
it may save time in the end to be very exact in estimating the
““remaining velocity” to fractions of a foot. The time calcula-
tion is based on this remaining velocity; and any slight
inaccuracy is consideruly magnified by the squaring of the
time, and will thus make a very noticeable difference in
long ranges. The young beginncr may therefore be greatly
puzzled by irregularities of increase in drop at different
ranges, and, fancymng that his calculations are wrong, may
work and re-work his figures to trace the error, whereas the
inaccuracy may, after all, be only due to allowance not having
been made for a fraction of a foot in the velocitya

Carcurarion or Muzzre Vevociry rrom TiMe jor Dror.

If, now, yon wish to ascertain the muzzle velocity from the
mean velocity obtained by the chronograph, the above process,
or a part of it, has to be reversed. Supposing that the
mean velocity in 20 yards has been ascertained, that would,
as recently stated, be the actual velocity at half-distance, or
10 yards. The factor of air-resistance, 85 (if the bullet
were the one just mentioned), would have to be multiplied
by the half-distance in feet (30), and the product added to
the “ Space ’” number taken from the right-hand table. This
will give the number corresponding to the velocity at the
muzzle, which is 30 feet frcm the point where the velocity is
known.

If the amount of drop is known, and you wish to ascertain
the muzzle velocity, it may be worked out by a further ap-
plication of the reverse process just described. Taking the
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previous figures, by way of example, with 7-lin. drop of
bullet, we proceed as follows :

7-lin. drop = 193in. = 036809 square of time;
Extract square root of ‘036809 = 191857 sec., Time of flight;

800 feet - *191857sec. = 1564 mean velocity in 100 yards;
Mean velocity in 100 yards = actual velocity at 50 yards.

Actual velocity, 1564 = 434486 in Space table;
add 150 feet X 35 = 5250

and the remainder, 439736 = 1686 velocity in Space table.

The result here is only 1 foot different from the muzzle
velocity previously mentioned, and that difference would have
been less had fractions been resorted to, as the mean velocity
was rather over 15634 feet per second.

CarcunatioNn oF Trarrcrory WirtHour A CHRONOGRAPH.

Few persons have a chronograph at their service, but many
may like to carry out cxperiments within their means for the
purpose of estimating the trajectories of their rifles or ascer-
taining the muzzle velocity. It is not to be expected that the
results to be obtained by the methods now about to be
described can be more than approximate, but the experiments,
if carefully carried out, will often give a closer approximation
than might be expected.

Col. Davidson, the invenfor of the telescopic sight for rifles,
in commenting, in the Field, on the recent rifle trial at
Putney, thus described the method he adopts for ascertaining
the trajectory and drop of bullets :

“ Every gunmaker should be prepared to tell his cusiomer
what is the trajectory of the rifle he sells. Everyone has not
the means of making such trials as you record. I have been
in the habit of adopting a more simple method. Using my
telescopic sight, and taking the line which represents no eleva-
tion at all (that is, the prolongation of the axis of barrel), I
aim with that line at a spot the size of a shilling at the
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different distances from 25 to 200 yards ; and, measuring from
the ceutre of each group of shots, I note the fall of the bullet
below the line of the axis of the piece. To lay down the
trajectory, I have only to draw a line representing the pro-
longation of the axis, and mark off in that line the distances
from 25 to 200 yards, and then lay off the drop of the bullet
from each of these distances, when a curved line, connecting
these points, will give the trajectory. Of course, for con-
venieilce, I use a different scale for the distances and for the
drop.”

From a line subtending the curve made as Col. Davidson
describes, the height of the trajectory at different points could
doubtless be ascertained with a very close approximation to
accuracy ; but I doubt whether measurement from the zero
line, or line of no elevation, can be relied on to give a correct
representation of the actual drop of the bullet in all cases; for
the apparent drop and the actual drop are not necessarily the
same. Iam led to this remark by Col. Davidson having stated,
in the course of his letter, that the drop of a rifle he tried he
had found to be ubout 10 inches at 150 yards. A drop of
10 inches under the action of gravity is accomplished in less
than a quarter of' a second (2275 sec.); and it will be scen,
on dividing 450 feet by this time, that a bullet having so
small a drop in 150 yards must have a mean velocity of over
1970 feet a second. To produce so high a mean velocity for
that distance, the initial velocity of the bullet would have
to be somewhere about 2600 feet per second. I conclude,
therefore, that the apparent drop in Col. Davidson’s bullet
measured some inches. less than the true drop—probably
owing to a certain amount of ‘“jump” in the rifle when fired.
If, however, there be such a “jump” or other irregularity in
the shooting as proauces any material difference between the
apparent and the real drop of the bullet, a clue to the fact
may be found by taking the known height of the trajectory at
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mid-range, and multiplying it by 4, which will give ®pproxi-
mately the drop at full range; so that, if any great diffevence
is found to exist, it may be assumed that there is something
wrong in the measurement of the apparent drop, although the
curve of the trajoctory itself may be right. It may be as
well, moreover, instead of taking a single measurement from
the centre of the group of shots, to go to the additional
trouble of measuring every shot separately, and calculating
the average ; otherwise one might possibly have half a dozen
bullets at different distances from the zero line, und only getb
the mean of the two extremes instead of the average cf the
entire group.

Another simple method of ascertaining trajectories is to fire
a series of shots with the same sight at different distances
in the following fashion. Let us suppose that half-a-dozen
shots are fired from a sandbag or rest at 150 yards, and
measurement made of the distance of each shot above or
below a cross-line in the centre of the bullseye; the same is
done with a similar half-dozen shots, 25 yards nearer, using.
the same sight, and aiming again at the centre of the bulls-
eye; at 100, 75, 50, and 25 yards (or any other equal intervals
that are convenient) the process is repeated, and measurements
are taken. A straight line is drawn on a shect of paper, and
divided into equal distances to correspond with the divisions
of the range, and at each division is plotted down the average
measurement of the six shots above or below the line, as the
case may be. When the whole are laid down, another straight
line may be drawn from that part of the first line which corre-
sponds with the position of the muzzle of the rifle, to the point
which marks the average position of the six shots at 150
yards, and, if the rifle has been shot with equal accuracy at:
each distance, a curve drawn through the various points
marked down in the range will represent the trajectory, and
measurements from the base-line to the curve will give the
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height at any point. By measuring the height of the tra-
jectory at a point a little beyond’ mid-distance (say 80 yards)
and multiplying this height by 4, you get the total amount of
drop in 150 yards; and fromn the drop you may, as recently
pointed out, ascertain the time of flight, the mean velocity,
and ultimately the muzzle velocity.

Tae Verrex or CurMivaTiNg PoinT oF THE TRAJECTORY.

This occurs a little beyond mid-range, at about half the
time of flight; and, taking 150 yards as a convenient range
for Exprees rifles, 80 yards may, for all practical purposes, be
assumed to representing the highest point of the trajectory ;
though with very light bullets and great speed the turning
point would really be somewhat beyond 80 yards, and with
heavy bullets and lower velocity it would be rather under that
distance. Thus, a 360gr. bullet of ‘450 bore, with 1600fs,
muzzle velocity; would be at its highest about 791 yards;
whereas a 260gr. bullet, with 2000ft. initial velocity, would
not reach its vertex till about 81 yards.

This, however, is on the supposition that the trajectory is
calculated from a line produced from the axis of the barrel,
without any allowance for the height of the front sight; but,
if taken from the line of aim, the height of the front sight
above the axis of the bore hdas to be allowed for, and this
would vary in different rifles, according to the size of the
bullet, the thickness of the barrel, and the height of the
sight itself, and whether it were placed on the top of single-
barrel, or on the rib of a double. Taking, however, half an
inch as a conveniont height of sight for our purpose, that
would make a difference of a gnarter of an inch at mid-range,
and more or less as it was under or over 75 yards.

As the angle of elevation compensates for the bullet’s drop
throughout the whole range, it may be said to represent the
average drop. During the first half of the time, when the
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speed is greatest, the bullet drops at a less rate than the
angle rises ; in the second half, the reverse is the case ; and
about midway, where there is an average of speed, the rise of
angle and drop of bullet are brought into correspondence,
and, for a few yards, the rise and fall so nearly counteract
-each other that recourse must be had to thousandths of an
inch in order to mark the turning point. This will be seen
by the following calculations of the respective heights of
bullets of 260 and 360grs., with muzzle velocities of 2000ft.
per second for tho former and 1600 for the latter, so as to
make a rather wide contrast : '

HercaTs oF 150 YARDS TRAJECTORY BEYOND MID-RANGE, WITH
NO ALLOWANCE FOR SIGHT.

360 5®, BULLET WITII 1600 PT.-§EC,
MuzZLE VELOCITY

260 GR. BOLLET, WITH 2000 rT.-SEC.
MuzzLE VELOCITY

At 75 yards ......... 4°059 inches. | At 75 yards ......... 5590 inches.
%, ... 4067, W 5 swaes 5596,
7, . 074, v A T 5600
8y e 4078 T8 e 5604,
9, oo 4082, M, ... 5608,
80 col 4083, 80, e 50609,
81 , ... 408 Bl cee. B°606
B2 5 asess 408 82 v 5602,
8 , ... ... 408 8 . 5597,

SAME, WITHE HALF-INCH ALLOWANCE FOR SIGHT.

At 79 yards ......... 3'844, inches. | At 77 yards ......... 5357 inches.
| T 3849 78, .. 5365,
B 5 o 3853 79 e 5372,
B2 5 e 387 ,, 80 ., e 53716
B3 s s 3859 ,, 8l 53876
84 4 e 3858 82 L, e 5376
BF 55 s 3855, BY i ssspees 58713 ,,

On comparing the first division of the table with the second
it will be seen that, in the latter, the turning point appears to
be removed a yard or two further on; and, with the slow
bullet, the change is so gradual that even thousandths of an
inch are not small enough to indicate the differences. This
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arises from the fact that, whereas the line of elevation
increases iu height with length of range, the aliowance for
sight diminishes; and thus another counteracting influence
joins in with the diminishing velocity of the bullet, and gives
almost absolute flatness for several yards. This is very
convenient for amateurs who wish to caleulate the height of
trajectory and the velocity of their rifles, as, by taking such a
point as 80 yards in a range of 150, there is little fear of the
velocity or weight of the bullet making any material difference ;
for, although, strictly speaking, the various bullets may have
different culminating points, no ordinary mode of measure-
ment would tell the variation in height of the same bullet if
taken a yard or two earlier or later.

One method of calculating the height of trajectories from
times ascertained by the chronograph 1s to take the time at
any given point (say, 50 yards), and multiply by the difference
between the time at 50 and the time of the full range (say,
150 yards); and the product, multiplied by the drop per
socond, is taken as the height of the trajectory at 50 yards, or
whatever the selecled distance may be. I confess, however, 1
prefer to subtract the drop from the height of angle, although
it may be a more cumbersome process; for the former
makes the trajectory appear somewhat too low. To show the
effect, I will illustrate it by reference to the foregoing table.
The highest point of the trajectory would, by this method, be
at the point exactly corresponding with half-time of the full
range. If we take this half time, and square it, we get one-
fourth, and multiplying this by the gravity drop per second,
we find the highest point of the trajectory given is exactly
one-fourth of the drop in tlLe full range. But, if we look at
the angle of elevation, we see that at mid-range (not mid-time)
its height is just one-half of the total drop; whereas the time
being less than half, the drop up to that point is less than a
quarter. If we subtract from the height of angle at half-
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digtance the amount of drop in that distance, the result is
that we find the position of the bullet to be higher than! the
* highest point of the range’” as calculated by the method
alluded to. This appears to arise from the fact that the line
of angle representing the elevation of the gun is a line of
mean velocity, whereas, the base line of the angle is a line of
variable velocity, and consequently the points of time on
the two lines do not coincide. Calculated by the method #
question, the greatest height of trajectory, as based on half-
time, would be, for the 260grs. bullet 3'48in., and for the
360grs. bullet 4'97in. Accordingly the results would not
accord satisfactorily with the foregoing table, nor with calcu-
lations worked out on the basis now to be described.

Mopz or Carcuratine VErociTy FroM Burier MArks oN
TARGET.

Express rifles are commonly sighted for 150 yards, and
this range will therefore be very suitable for the experiment.
Mark a horizontal line on a target or sheet of paper, and,
having measured a distance of 80 yards from this target, fire
half a dozen shots, aiming at the line, with the rifle sighted
for 150 yards.

Measure each shot separately, from the centre of the bullet-
mark to the centre of the horizontal line, and caloulate the
average of the whole. If the shooting be pretty even,
Express bullets, according to their weight and velocity,
should average from abont 4in. to 53in. above the horizontal
line on the target, and this will represent the height of the
trajectory above the line of aim. Military bullets would be
considerably higher.

To the height thug obtained, add &ths of the height of
the sight from the centre of the bore, and you obtain the
height of trajectory without sight allowance. Multiply this
by the square of 15 (or 225) and divide by the square of 8
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(or 64) and you obtain the same result as dividing by the
square of 8%, which represents the proportionate part of
the range. This gives you the total bullet-drop in 150 yards.
Very nearly the same result is obtained by merely multiplying
by 84, as dividing by the square of 5% is similar in effect to
multiplying by 8:516.

Take the total drop in inches and fractions, divide hy
198145 (the number of inches fall by force of gravity in one
second), and the square root of the quotient gives the time of
flight of the bullet for 150 yards—a fraction of a second.

Divide 450 feet (150 yards) by this fraction of a second,
and the mean velocity is ascertained. The mean velocity
for 150 yards is also the actual speed of the bullet at half
the distance, or 75 yards.

Then, having ascertained the factor of resistance, or f—o
«of the bullet (by squaring diameter, dividing by grains of
weight, and multiplying by 7000 to turn it into pounds or
fractions of a pound), multiply the 225 feet (or 75 yards) by
this factor of resistance, and you obtain a number which,
added to a “ Space number’’ in Bashforth’s table correspond-
ing to the velocity at half-distance, will give a grcond number
which, on again referring to Bashforth’s table, will show the
muzzle velocity.

At the time of the recent Field trial of rifles at Putney I
endeavoured, by this method, to ascertain the approximate
velocities from the bullet marks on the paper screens; but,
as the rifles were fired from a machine rest, and they were
levelled from the bore, there was no need to make any
allowance for height of sight. Having ascertained from the
sereens the average height ot the bullet-marks of four rifles,
I worked out the astimated velocities. Two of these were
only 1 ft.-sec. each different from the velocities obtained by the
chronograph ; the other two were fully 50 ft.-sec. out. The

getting 8o very close in two instances I take to be a mere
N
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* fluke;” but in the other two I consider the differenze would
have been less, except for some divergences of the bullets
arising from their contact with previous paper screens.

Now, it must be admitted that the above-mentioned process
of multiplying and squaring fractions is rather tronblesome ;
and so is that of finding out the distance of the highest point
of the trajectory from the muzzle of the gun. But very
gimilar results may be obtained by a simpler empirical process,
which may be thus described :—

To find the distance of the highest point of trajectory,
multiply the length of range by the fraction '52, if the range
is 100 yards, and add 01 to the fra.ctmn for every additional
50 yards.

To find the height of the trajectory at this highest pointh
multiply the drop in the full range by the fraction ‘28, if the
range is 100 yards, and add ‘0l to the fraction for every.
additional 50 yards,

The respective rultiples will thus be as follows :

CGreatest Height of Trajectory.
Length of "Multiple of
Distance.

100 yards .......c.ccoevieninninninn i1 R —

150 ,, 53

200 ,, 54

250 55 .

300 56

350 ., 57

400 58

U e PR | [

S 4 GRS, 60

These will apply approxlmately to all express rlﬂes, but
\light bullets with very high velocities are slightly under
esfimated at short ranges and over-estimated at long ranges,
and vice versd with heavy bullets and low velocities. Thus,
taking 150 yards ag the range, and multiplying it by °58,
we get 79'5 yards as the highest point of trajectory. This
would be nearly true of the 360gr. bullet with 1600 ft.-sec.
muzzle velocity, but rather short for the 260gr. bullet with
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2000ft. velocity. We can meet extreme cases, however (if
thought nocessary), by taking the next point higher or lower;
far, if we multiply 150 by *54 instead of *53, we get 81, which
is just about the highest poiat of the 260gr. trajectory with
2000 ft.-sec. initial speed.

In similar fashion, if we know that the drop of the 860gr.
bullet, with 1600 ft.-sec. muzzle velocity, is 38 inches in 200
yards, we multiply 38 by ‘80 and get 11-4in. as the greatest
height of trajectory; and this is sufficiently correct. In
500 yards, the result would be too high.

Errgct oF TEMPERATURE AWD MOISTURE.

Hitherto all that has been said about the resistance of the
atmosphere has had reference to the effect produced when the
air is of the normal weight, or when there is a fall in the
barometer alone taken into account. Professor Bashforth’s
tables, lately given, are calculated on the supposition that the
weight of a cubic foot of awr is 53422 grains, which is the
weight of dry air at a temperature of 62° F., under a pressure
of 30 inches of mercury. When the barometer rises above
or falls below 80", the weight of the air is increased or
diminished, and the weight 1s further affected by the amount
of moisture. If one takes into consideration nothing more
than the rise or fall in the barometer (as may be done with
the ordinary run of mild Enghsh weather), the co-efficient of
resistance (or f;) need only be multiphed by the height of the
barometer, and divided by 30, and the rest of the calculation
be worked on this basis. If, however, you wish to take
temperature and moisture also into account, then it is neces-
sary to ascertain the weight of a cubie foot of the air in which
the experiment is carried on, and for that purpose recourse
must be had to meseorological tables, such as Mr. Glaisher’s,
if strict accuracy is required ; but a close approximation msy
be obtained by means of the table here given, which will

N 2



180 THE MODERN SPORTSMAN'S QUN AND RIFLE.

suffice for all practical purposes, and render unnecessary the
reprinting of longer tables and giving an explanation of their
mode of use. This table, and the remarks appended thereto,
are taken from a very interesting article, by Lieut. E. L,
Zalinski, of the United States Army, which appeared in an
American journal, Forest and Stream, of June 21, 1883, a
copy of which was sent me by a friend :

TABLE OF WEIGHTS OF AIR, PER CUBIC FOOT, AT DIFFERENT

TEMPERATURES, THE BAROMETER BEING AT A HEIGHT OF THIRTY
INCHES AND MOISTURE AT 66% PER CENT. OF SATURATION.

Mean _chsnge of Mean chan, of | Mean decrease of
|, | R e e ) e
g' gt in helght of | i ,o it tion (=100,
13
Graws. Graing Grains
T3 g?’g 21
—20° B 14
~10° 619 21 14 010
2 605 20 14 020
10° 592 20 13 0-35
20° 279 19 1-3 053
30° 567 19 1-2 076
40° 555 18 12 103
50° 544 18 1-2 142
60° 532 18 12 196
70° 521 17 12 2 66
80° 509 1-7 12 360
90° 497 17 12 483
100° 485 16 12 6 50
110° 473 16 12 832

“It is seen from the above that an average change of 15'5° of
temperature is equivalent to one inch height of barometer. At
or near sea-level the changes of barometer rarely exceed two-tenths
(72) of an inch from a mean height of 30in., producing a variation
of less than four grains of weight per cubic foot. It is apparent
that the probable limits of changes of barometer affect the weight
of air so slightly that it may ordinarily be considered as at a
height of 30in., or, better, at the average height of any firing
locality.

Temperature, however, varying considerably as it may within a
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single day’s firing, and ranging at differeni seasons from below
zero to more than 100° above, effects marked changes in the weight
of air, and may not be neglected. It is seen that the weight
decreases with rise of temporature.

At Ft. Keogh, Montana, the temperature ranged from —27°in
February, 1882, to 109° in August, 1852, a variation of 186°,
giving a difference of weight of air of 16lgrs. per cubic foot.

Moisture reduces weight of air by its elastic force, but the
extreme variations produced by this are so inconsiderable, com-
pared with the changes produced by temperature, that ordinarily
no great error will result if the weight of the air is taken
for a condition of 66% per cent. for saturation. It will be
seen thie element decreases the weight most at the higher
temperatures.”

Fortunately, in these islands we do not run to such extremes
as 109° in summer and 27° below zero in winter; and there-
fore we shall not require to make allowance for temperature
and moisture to the full extent mentioned in the above table.
Ag this table is calculated for an amount of moisture equal to
two-thirds (or 662 per cent.) of saturation, and our tempera-
turcs do not usually go to great extremes, we will leave
moisture out of consideration, and merely pay attention to the
barometer and thermometer. Suppocing, then, that the
barometer stands at 29” instead of 30”, and the thermometer
is at 55°, we find that at 50° the weight of the air is 544 grains;
. for the other five degrees we deduct five times 1-2, as shown in
the fourth column, which reduces the weight to 538; and as
the barometer is 1 inch below 80, we deduct also ten times
1:8, as shown in the third column, and consequently geb
520 grains as the weight per cubic foot of air. Bashforth’s
tables are calculated on the basis of 534°22 grains per cubic
foot ; and, to allow for the Jifference in weight, the number
obtained as the % of the bullet has to be multiplied by

520 and divided by 534'22, and the result used as the basis
for calcilation of the experiments carried out under this con-
dition of the abmosphere.
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Lieut. Zalinski’s paper also contains a number of cajcula-
tions on the effect of temperature on air-resistance, but as
they apply almost exclusively to the American military rifle,
it has not been thought necessary to quote them here. A
second paper, in continuation of the subject, was anmounced,
but I not know whether it has been published. Other articles,
by various writers have, I understand, also appeared in Ameri-
can journals, touching on the same subject, but unfortunately
I have not had an opportunity of perusing them. It seems
certain, however, from the number of articles published, that
our American cousins pay much more attention to such matters
than do the sportsmen of these islands,

TRAJECTORIES OF LARGE-BORES.

The previous remarks have chiefly had reference to the
trajectories of Express bullets. For the calculation of the
trajectories of spherical balls the foregoing set of tables would
be useless, as the amount of air-resistance with spherical shob
is entirely different at all velocities. It would occupy too
much space to insert here another set of tables similar in
dimensions to those just given, and anyone who wishes to
have recourse to them must therefore be referred gither to
Professor Baghforth’s treatise, or to the blue-book containing
his first report, already alluded to. But a few particulars,
from notgs relative to the large-bores at Messrs. Holland’s
trial in 1879, may be of interest, more especially as no chrono-
graph velocities were taken with the la,rge~bores shot av the
#igld trial of 1883.

In his book on the “ Sporting Rifle,” already alluded to on
page 9, Capt. Forsyth gave the trajectory of a 14-bore rifle
which had much pleased him. Its “point-blank range’” with
spherical ball was stated by the author to be about 60 yards
with 3drs., 85 yards with 4drs,, and 100 yards with 5drs.
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The height of the trajectory at different points of the range
wus given as follows:
25yds. 50yds. 75yds. 100yds.
14-bore ....ccieiinninnnn, lin. ... 2§in. .. 2§n. ... (]

These measurements will serve as a basis for comparison
with the trajectories of the rifles of 12-bure and upwards that
were tried in the course of Messrs. Holland’s experiments.

It may be as well, however, first to insert Capt. Forsyth’s
definition of “ point-blank range.” He says (the italics are
his own): “I define the point-blank of the sporting rifle to
be, that distance up to which a shot may be taken at any object
without allowing amything for the rise or fall of the projectile.
A rise or fall of 1 inch will not require any allowance to be
made even in the finest shooting that ever occurs in acfual
sport ; therefore, this amount of rise and fall will regulate the
length of the point-blank range.” A rise or fall of 1 inch
would be equivalent to a rise of 1} inch above the line of sight
at mid-range without allowing for fall.

Let us now take 100 yards as the range of Messrs. Holland’s
rifles, and supposing the 12-bore to bo sighted for the largest
charge (the bullet dropping 9 inches in 100 yards), the rise
and fall of the bullets, with four differcnt charges, was
estimated as follows :

TRAJECTORIES OF 12-BORE RIFLE, SIGHTED FOR 9IN. FALL IN

100 Yarps.
25yds. 50yds T6yds. 100yds.
4drs.... .. 158im. ... Ibin. . —{07in, .,.. —53in.
5drs... ...... 17 .. ."20 .. 06 e =30
édra....... . 18 ... 24 L. L - —10
Tdrs.......... 19 26 e . s 0

With the same elevation, the bullet fired with the smallest
charge falls below the line of aim before it has gone quite 75
yards, and, as the slowest bullet drops most in equal distances,
the height of the trajectory is consequently less than with

.the faster bullets. If, however, the elevation be increased,
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80 a8 to make each bullet strike on the line of aim at 100
yards, the trajectory is highest with the slowest bullet, as
about one-fourth of the former drop below the line is now
added to the height at the first point, half at the second, and
three-quarters at the third ; for example:

TRAJECTORIES OF 12-BORE RIFLE, ELEVATED FOR DIFFERENT

CHARGES.
25yds. b0yds. Thyis. « 100yds.
ddrs, .ocineiiiinn. 29%n, ... 42n. ... 34in. ... 0
Sdrs 24 ... 35 28 e 0
Bdrs. .....oooieenes 20 29 24 0
71— Y8  saaw A R— 21 0

The trajectory of Capt. Forsyth’s rifle would thus be inter-
mediate between the last two on the list, except as regards
the 23 yards, which appears to be very low as compared with
the figures just given; but these calculations of Messrs.#
Holland’s trajectories were made from the axis of the bore,
without any allowance for the height of the front sight;
whereas Capt. Forsyth’s trajectories were ascertained by
measurements from shots fired at paper screens, aim being
taken from the sight in the usual way. What was tho height
of the sight on Capt. Forsyth’s rifle I do not know, but
probably it was something more than half an inch above the
axis of the bore. Taking it, however, at half an inch, this
would lower the trajectory by £in. at 25 yards, Zin. at 50 yards,
and §in. at 75 yards. This would bring them much nearer
together ; and possibly some little further difference may have
been cansed by the bullet striking several paper screens in
guccession, as such appears to have been the case with the
paper screens used at the Putney trials.

The trajectories of the larger rifles in Messrs. Holland’s
trial did not differ very greatly from that of the 12-bore with
the largest charge, but were lowest with the heaviest bullets.
Supposing in each case the bullet to strike on the line of aim
at 100 yards, the following would be the trajectories.
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TRAJECTORIES OF THE LARGE-BORES.

25yds 50yds T5ydas. 1
10-bore, 8drs. ..... ¥Oim. ... 2V%in. .. 22mn. ... wl’jd&
8-bore, 9drs. ... 20 oo 29 o I 0
Ditto, 10drs. ...... 18 R - —— 21 vores O
4-bore, 14drs. ... 17 e 24 siwe X9 e O

With regard to the ¢ point-blank range,” 1 think that,
with spherical-ball rifles, the distance should not be much
more than the bullet would travel in the fifth of a second.
This would allow for 4 drop of about 8in., and the trajectory
would be very similar to that of the 4-boro just given.
Adopting this time limit, the “ point-blank range” of the
12-bore rifle above mentioned would be about 75 yards with
4drs., 83 yards with 5drs., 90 yards with Gdrs., and 95 yards
with 7drs.; while the 10-bore and 8-bore (with 10drs.) would
be about 93 yards, and the 4-bore about 97. With the
Express rifle, however, as the bullet loses its velocity less
rapidly, and tho trajectory is consequently flatter, the time
limit need not be so short.

In making use of the term “ point-blank,” in the foregoing
remarks, I do so in consideration of the fact that it iz com-
monly used by sportsmen, and in order tu show in what sense
it is employed by an acknowledged authority on sporting
rifles. Capt. I'orsyth’s definition, however, is by no means
of universal acceptation; and, indeed, no definition is
generally accepted. It was stated in the daily press last year
that a newly-invented rifle had a point-blank range of 900
yards! General Lefroy recommended, some years ago, that
the use of the term should be abandoned ; and such has been
done of late in mulitary books,

Trasecrory oF MarcE RirLes.

As to match rifles, the following article, from a great
authority on the subject, is so complete, that it is desirable to
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reprint it in full. It ongma.lly appeared in the New 'Yorl
Spirit of the Times of April 13, 1878. _ :
i
TRAJECTORY OF THE MODERN MATCH RIFLE.
By W. E. METFORD, C.E.

- In treating of this very interesting branch of gunnery, the writer
will not refer to any older views based on the spherical bullet, for
air resistance with such a bullet is so heavy that practically long
range was ever out of the questmn

‘When the use of a solid .bolt in the place of a short conoidal
bullet, and about 2% diameters, was introduced, gunners began to
get to ranges which naturally brought the question of trajectory
prordinently forward. Since then Sir Joseph Whitworth increased
the length of the rifle bullet to nearly its present amount, and it
appears that gunners have now arrived tc a final proportion of
diameter to length of about 1 to 3, with a weight of from 540 to
550 grains. 'With this proportion of bullet all the modern shooting

. i8 being performed; and it is with the trajectory of this bullet,
therefore, that the writer will deal.

Before, however, entering into the trajectory ‘of the present
bullet, it may be as well to point out that, even with such
trajectories as given by the old English Enfield musket, there was
none of that very rapid sharpening of the curve of the trajectory
which it has been the fashion of writers to pourtray in their books ;
for instance, the Enfield, when loaded with the cartridges best
adapted to it, had its culminating point but just 50 yards beyond
the half way for the 1000 yards, and the slopes of its falling into
the target were, for the longer ranges, mt.h the very best fresh
cartridges, as follows :—

600 yds., 1 foot in about 27 feet. 900 yds., 1 foot in about 13% feet.
700 ,, 1 5 20, 1000 ,, 1 » 11,
800 , L . 16 :

And its angles were, with such cartridges, as follows :—

- l,gg yards, about ......... 12" 9 600 yurds, about ......... 1° 40’ 8~

2 y e 277271 700 e 2 84
300 o 42’ 9" | 800 n e 2029 OV
400 " e 120727 | 900 o vvrens 2° 57 2
500 s shoots 1° 19 2" | 1000 = .80 a8 4

and this trajectory was produced with a bluff short wood
‘plugged bullet of 530 grains and 70 grains of powder, and baving
a computed initial speed of about 1160 feet per second.
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The match rifie—which the writer takes to be the fullest expres-
sion of a first-rate modern long-range small arm—when charged
with 90 grains of the English powder of Curtis and Harvey's No. §
or No. 6,* will drive a 540 grains bullet at the rate of about 1400
feet per second out of its muzzle,

In treating of trajectory, it would appear to be the best way,
first, to point out that, if there existed no air, the Lullet, fired at
any given angle from the horizontal would fall into the target at
its initial or muzzle speed,t and the angle of the inclination of the
fall in of the bullet on the target would be precisely equal to that
of the inclination of the hullet’s path in its issue from the rifle’s
muzzle; and, secondly, to point out that the curve of the bullet’s
path would be a parabola of which the apex would be the hal§.-way
point. Now, when the curve happens to be a very short piece of a
very flat parabola, it may be held to be, for all practical purposes,
equal to a short piece of a very large circle:1 and, again, for curves
where the height of the trajectory bears a small proportion to the
length of the arc, it may be taken as sufficiently correct that the
distance round the arc is equal to the length of the straight or eye
line. For instance, the difference, as computed, is about a foot,
with the flat curves of the modern mffes, for the 1000 yards range.

If the above positions be granted, then, where there is no air
existing, we may use the problem of Euclid IIT. XX., which
indirectly proves that equal pertions of a circular curve will give
angles equal to each other from any position on the curve itself.
For example, to put the point into a practical form, let 2 man, on &
piece of level ground, put up a theodolite (an instrument many
readers will know is for setting off, and also for taking angles)
exactly over a peg, and having set out, with the aid of assistants,
a truly straight line for 1000 yards, at each 100 yards let him
drive in a peg truly mn the line. Tet him then sct off from this
line any given angle, such as, say 8}, by the aid of the instrument,
and get his assistants to measure out 100 yards alongside the

# With the Hazard powder (American) about 106 grs. are required to attain
this speed.

+ ;ft the ascent; to its culmirating point the bullet would lose speed, but this
loss would be exactly balsnced by the gawn in the descent from this mghest point
of the trajectory. In cases such as the modern mfle's bullets give, this loss and
gain may be, for the ranges in use, safely ignored. The writer will, throughout
this article, assume the 1000 yards to be a true plane.

1 In all that concerns the curves here treated of they would coincide within
wome fractions of an inch.
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straight line already laid out; let a pole be ranged by the aid “of
the cross wires in the telescope of the theodolite at this 100 yards
and left there (this would be a position about nine inches from the
first peg on the straight line already set out); let the same thing
be done again, that is, another 8%, or in toto 17’ of angle, be set
off, and another 100 yards measured and poled (this would be a
position of 35% inches from the second peg on the straight line),
and so proceed, adding the 81’ each time to the angle and putting
up a pole, and so on to 1000 yards. The operator weuld then
have set out a truly circular curve together with its tangent.

He would also find, if he measured, from the last pole on this
curve in a straight line back to the theodolite, in fact on the chord
of the arc, that the distance would be 9992 yards, that is if the
measurements were made throughout with such an unstretchable
thing as a steel tape, and all very carefully indeed ; and he would
also have the natural curve that a match rifle bullet would make if
the curve could be putin a horizontal position, and if the bullet
had been projected info a vacuwm. If this is the case, then thg
actual difference or angle between this and the actual curve is due
to the air resistance retarding the speed of the bullet, and thus
giving more time for gravity to act, and so coercing the bullet into
making not only a coarser curve, but a curve rapidly altering its
piteh. For instance, the writer finds, as already stated, that where
the speed is 1400 fect per second, and where about 81' of angle
would in vacuo be the angle of elevation for 100 yards, and
87" x 10" would be the angle for 1000 yards, the radius of such a
curve would be 20,222 yards, or 111 miles, whereas, as matters
stand, the radius of any part of the actual curve would be:

At 50 yds. (or the mean between 0 yds, and 100 yds.), abont 18,600 yds.
50

At 150 L, e sttt et e rr et eantea 16,000
B B oy  reemvnEET e A —— 14,040
B B5) 5 (uw srssaremiass s svsete e, 1T
Mt G50 2 oo saneen IR G R T5DTD
AL B0 o i R R I A s 10,260
Ab 650 1 et e eeeee s sres e seseneenee | 9,420
At 750 L e, -

At 850

At 950 .

At 1050

Now, all this is to be easily computed from the actual angles
as ascertained—first, by much shooting in good weather, and,
secondly, by computing a table of angles which will fit fairly
accurately the mean of such shooting, of which more further on.
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The sights of the writer’s rifles have ever been divided in terms
of the great circle—that is, instead of putting on an arbi
scale, where the angular value in rise, usually the hundredth of an
inch, varied as the distance between the sights varied, a scale was
put on of such a character that, whatever the distance between the
sights might happen to be, the dividing of the scale should be
such that, first, it should invariably give but one angular value,
and, secondly, it should be that same angular value which has been
universally recognised as the standard for all angle-taking instru.
ments ; thus the rifleman would be, in conversing about his sights,
speaking a language universally accepted by scientific men.

Such a system involved, of course, giving up a simple value per
inch, as, for example, the one-hundreth of an inch, or one inch, and
also involved cutting the scales in a definite relation to the distance
between the two sights, or what is called the radius. The reader
will now perceive thaf his sights are in fact neither more nor less
than a piece of an extremely large theodolite or angle-taking
instrument,* and that he therefore is able to ascertain with it the
actual angles of the projecting instrument to which it is attached—
that is, the barrel.

Tt has been the custom for gunners to ascertain their trajectories
by erecting screens, covered with tissue paper, at intervals along
the track of the bullet. This method, available without much
trouble for short ranges, becomes difficult with the larger ranges.
It is open to objection, too, that the bullet, in passing through any
substance, however thin, not only receives a check, but also is liable
to the possibility of deflection. The first objection is the most
important, and the time alone it takes makes it objectionable.

But why should any such trouble be thought necessary when,
with the modern sights—actually a perfect bit of a very large
theodolite—the entire path of the bullet can be calculated with the
most perfect certainty and rapidity. Or, if a gunner dislikes
figures, he may, as has been already pointed out, lay the entire
curve out on a flat meadow, either with a good theodolite, or
even with the rifle sights themselves, with the rifle laid horizontally

* The circles of all angle-taking instrumonts, as is well known, are dividsd
into 360 degrees, and each degree into 60 minutes, which would give 21,600
minutes for the whole circle. The value is given in minutes, as, for small
angles, it is sometimes preferred to have their valuea stated in minutes, instead
of degrees and minutes. For mstance, the 1000 yard angle can be expressed in
degrees and minutes—thus, 2° 15, or in minutes alone, 135',
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and rigidly fixed. He may do exactly as the writer has already
pourtrayed, except that, instead of setting off 8%, he sets off the
table at angles of hismfle. He will thus have his trajecsory laid
flat on the turf. He can ascertain the trajectory by actual measure.
‘ment, for any range and at any part of the range. He can, if he
has not 1000 yards of turf at hand, do it to say a half, third, or
quarter scale, or even a tenth or twelfth scales, if only 100 yards
are available, and multiply his values by twice, three, four, ten, or
twelve times, as may be, to procure actual values; and with regard
to, say, a twelfth scale, there is the convenience that the operator
could lay out the entire curve 1n less than 100 yards; and, with his
offset rod divided to imnches and twelfths, he would be able, withont
much walking, to ascertain his values at once, substituting feet for
inches.

If, however, & gunner desires to ascertain his trajectory heights
by computation—and of course this 1s the most accurate and
quickest method, for he will escape the chance of errors mn setting
the hmes out (a process requiring care and skill)—he will proceed
thus: Let 1t be supposed that the rifleman desires to ascertain the
path the bullet makes for 1000 yards. The zero of the scale
of his rear sights, divided to degrees and mmutes of the great
circle, has heen ascertaned to be correct, by shooting at, say,
12 yurds,* with the Vermer at zero, and seemng that the bullet
centre 18 just as much below the centre of the small dot he shoots
at, as the eyo Line 18 above the axis of bore, plus the one-eighth of
an mch which must be added for gravity pull acting durmng the
time the bullet 1s travellng the 12 yards. Let his mifle, under this
condition, be assumed to give the following angles :

100 yards . 9 600 yards 1° 09’ or 69
200 ,, 19 ' 1°24 ,, 84
300 30’ 800 ., 1°40° ,, 100
400 Y 200 1°57 ,, 17
500 ,, ... . 55 1000 2715 ,, 185

Now, whean shooting at 1000 yards, the bore of the rifle, at the
instant the bullet is passing the muzzle, will have to pomnt at an
angle of 2° 14’ (some persons prefer Lo omt the use of degrees, and
resord the angles in minuges only), or 185' above the centre of the
bull’s-eye.

This is the first position, Now let a case be assumed, Say it

* Twelve yards is a convement distance, for reasons stated further on.
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is required to compute the heights of the trajectory for ev":i-'y
hundred yards along the whole range to 1000 yards, beginning at
the position of the first 100 yards. On examining the table, it is
clear that the bullet (neglecting the little difference already
referred to, caused by the eye line and the bore line not being quite
coincident), * had there been no gravity pull, would have kept
along the 135' line; but gravity has had time to pull the bullet
down 9' by the time it has got to the first 100 yards, therefore the
bullet would actually pass below the 135’ line this 9', or 126 above
the eye line. And because at 100 yards 1’ equals 00873 of one
foot,+ therefore 0-0873 x 126 ft., which equals 1099 ft., is the
height the bullet passes at 100 yards above the eye line.

To repeat the process, substituting the different distances along
‘the ranges for the 100 yards :—

Yards. Feet. Times. Feet.
200 - 19 x 00873 x 2 = 202
300 — 80" x 00878 x 8 = 281
BO0 ummmivis e — 42" x 00873 x 4 = 324
11| S — 55 x 008783 x &5 = 349
600 ... - 69 x 00873 x 6 = 3845
700 — 84 x 000873 x 7 = 3I'1
800 — 100" x 0-0873 x 8 = 244
900 — 117" x 00873 x 9 = 141
1000 - 135 x 00873 x 10 = 00

# To be very accurate, to these angles shounld be added the angular value
which the fact of the eye line Leing above the bore line demands. This would
-give for 100 yards 9 + about 1/, for 200 yards, 19’ + }’, and for 300 yards
30 + 4/, and so on.

+ Should the computer prefer the values to be in inches, he would have to

" pubstitute 1'0472in. for (-0B73ft., for the value of 1’ of nogle at 100 yards. It
has been already stated there are 21,600’ in the circle; the value of 1-0472in., or
0-0873ft. is, therafore, computed as follows: What is the value of 1’ of angle at
100 yards in actual measyrement? There are 21,600’ in the circle, and the
radins is 100 yards: all, therefore, that has to be done is to find the feot measnre-
ment of the circumference of this circle, and divide by 21,600. The ratio of
-eircle and radins heing 6-2832, these figures of the ratio must be multiplied
by 100. This equals 628'32 yards or 1884'96ft., and is the length of the ocircle
round ; and 1884:96 + 21,600’ =0-08726ft. per 1/, &e., and if inches nre preferred,
then these lakt figures muitiplied by 12 will give the value of 1’ of angle, or in
‘inches 1-0472 nearly. Call it, when feet are required, 00873, and when inches
are required 1:047. Of course, nnless great accuracy is required, 0-087 and 105
will give close reaults.

For rough computation, lin. for 1’at 100 yards will be sufficiently near to give
results. To be accurate lin. equals 1’ at 95°49 yards, The same values can be
-computed with & table of sines. And here it is a8 well to bring to the recollection
of those who are conversant with such tables that, for small ares, say to 4° it

-may be reckoned with perfect safety that the arcs can be practically faken ps

.soqual to either the chord, sine, or tangent. :
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Here the last column will represent the exact heights of the -
curve at every 100 yards along the range from the line of sights
or eye line. *

Again, let it be required to find the highest point in the curve.

By inspecting the last column it will be seen at once that this
point must be somewhere between 500 and 600 yards, and probably
between 500 and 550 yards. It shall be assumed that 540 yards
will be the place. Now the angle for 540 yards must be compnted.
At 500 yards it is 55, and at 600 yards it is 69, or a difference of
14/, Tt is not strictly correct to divide proportionately by the
distance, but as it only involves an error of vne-eighth of a minute
at the half way, it may be done without fear. If this be done, the
angle at 540 yards will be 60’ 6", say 60' 5", which is reaily more
correct. Thus, for 540 yards, 135'—60' 5" x the 00873 x 54
times = 35°073 fect. The question now comes, is this the highest
point ; if not, which side of 540 yards s it? The thing,
therefore, will be to try one side of 540. et 535 yards be taken.
For this distance 599 will be the angle. Then for 535 yards it
will be 135'— 59”9 X 0°0873 x 5-35 times == 350758 feet.

Clearly this is a very small trifle higher than 35:073 feet, and
thus the point is between 535 yards and 540 yards, and probably
near enough for gemeral purposes.t If it should be desired to
determine it closcr, cach yard could be computed—actually the place
ig between 535 and 536 yards—thus the entire trajectory values,
yard by yard, if necessary, can be computed from the sight
elevations with an accuracy and a certainty far surpassing screen
experiments, which are subject to the variations of each shot, as
well as to the drawbacks already mentioned,and also with a
freedom from the crrors which will arise even with experienced
users of the theodolite. The latter plan, it is true, places the
whole affair, especially if it be done on a tenth, or some such scale,
as it were before the eyes, at one single grasp ; but, excepting this,

* It will easily be understood that if it be desired to computc tha heights for
eny other trajectory, as, say, for 600 yards, all that is nocessa.ry will be to
substitate for 135’ the 600 yurds angle of 69'.

1t To give an idea of the flatness of the curves, this uho:.. table is appended :

534 yards 35-07552 537 yards 35°07571 539 yards 35'07456

585 yards 35 07583 538 yards 35°07523 540 yards 35°07364
586 yards 35 07589

From this it will be seen how many figures of decimals 1t requires to destect
the exact point.
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r

.ealculation is by far the better plan where very accurate values are
required.*

With regard to the computations, it will be seen that simple
arithmetic is sufficient {0 insure perfect results, and those who are
conversant with that very simple thing, the slide rule, may get
close enough results to serve every common purpose.

With regard to the table of angles and their method of con-
-struction, the first thing the writer has always done 18 to shoot his
rifle at 12 yards (a mere convenience as regards the distance—the
1’ of angle at that distance is one-eighth of an inch, which all foot
rules give.) He shoots at a row of dots, say five, first one shd%
with the might at a guess position—the sight not being dinided.
The shot ought to strike the difference between the axis of bore
and the eye, or sight line, plus the drop by gravity, which 18 an
eighth of an inch for twelve yards, when the speed s about
1400 feet per second. If it does not strke this much below the
dot—and the chances are 1t will not—thep the error between the
place where the bullet should strike, and where it actually does, is
measured 1n eighths ; and as eighths are equal to minutes, the shide
carrying the aperture is screwed up or down, as the case requires,
the number of minutes wanted to make the bullet strike where
it should—which can be done by compasses stepping off the
amount from an already dinided sight borrowed from a similar
rifle. After a shut or two to verify, a pencil hne is struck
across, and the divisions and Verwer cut. The Vermer should
have the power of shifting 10’ or more. The 1ifleman will verify
the truth of the Vernier position, of course. 'With the sight so set,
the rifleman shoots in all weathers at enough ranges along the 1000
yards to enable lim to get the angles on which he may eventually
base his tables. 200, 500, 800, 900, and 1000 yards would be
enough., If possible, say ten shots at each range should be made
in one day. Now, it is clear, from what has been said, that as the

-bullet fhes along, the resistance of the air checks its speed, and,
therefore, gives more and more time than if there was a vacuum
for gravity o act. The curve must therefore get coarser and
coarser, and the angle more full, for every hundred yards; and that

% Any man nooustomed te make very acourate drawings could plot the curve ;
but it would be better to plot 1t from the calenlated heights than to depend on
even the very best protractoe-—the anglesare too fine. A socale of 100 yards to
4he foot, using & 30 seale, wonld be found convement.

(o)
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fullness of angle will decrease in some definite way, and not some-
times faster and sometimes slower.

This increase, too, will depend for its value not only on the mass,
but on the proportion of the diameter to the length of the bullet,
&e., also on its speed.

Fortunately the increase of the angle for each 100 yards for the
match rifle is so exceedingly nearly one minute of angle, that if a
minute be taken to represent the air retardations no error of any
possible moment will obtain,

All that remains to be done is to hit on some starting angular
value, which, with the additional minute for extra value due to air
resigtance increasing the time gravity has to act, will fairly fit the
mean of observation throughout.

Now this angle which is wanted may be really got at through the
speed. The writer possesses a ballistic pendulum, and is able with
it to ascertain this speed by the well known gravity formula
(fall = 193 inches X time?)* and reducing it to angular value, At
the best speed it comes out that it is over 8'—call it 8'; and, as they
retardation equals, the writer finds, all but 1', this makes 9'.

And thus the scale is built as follows :—

Yards. Diff.  Diff. Yards. Diffl. Dif.

(| T o —_— - 7200 ..... ... 1°24 15 1’
100 .oieenn e 9 97 - R00 ... e 1° 40 16 1
200 .eee eeene 197 10 1’ 900 ........... 1° 57 mw v
300 coviiininn. B0 11 14 1000 ..ovsrinn., 2015 18’ 1
400 ... ... 42’ 120 v 1100 ... ........ 2°3¢ 19 1
500 .1ieeirenns 55 13 v 1200 ....a...... 2°54 200 V
600 ........ .. 1° ¥ 14 1

This scale, which may be called A., is, the writer finds, available
for weather giving the flattest trajectory; but he also has scales
B. and C. for weather not so favourable. There is, too, some
slight difference in rifles, and in muzzle-loaders especially, when a
large nipple-hole will let more gas escape than wusual. Powder,
again, varies a rifle.

* Fall equals 193 inches x square of time. Practicelly applied it wounld be
80. Say 1420 feet per second initial speed of bullet, what is the fall due to
gravity at 100 yards? 100 yards = 300 feet ; then as 1420 feot iy to 300 feet,
go is 1 second of time to (2113 nearly seconds of time; that is, this buliet
would, in vacno, have passed over the 100 yards in (2113 seconds. ‘2118 x
-2113 = 04463, etc., and that multiplied by 198 =8-614 inches, which at 100 yarda
will, at 1'047 inches to the minute, give 8'22 minutes.
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They are as follows:

Yards. A DI B DI, o D
100 szens 9 — . 9% — .. 9 —
200 ... 197 107 L. 19Y 108 L 20° 10}
800 ......... 30" 11 ... S0} 1I1¥ ..... 81} 11}
400 ......... 427 12° ..., 48" 12} ... 44 12¢
500 ... ..... 55 13’ ... 56} 184 ...... 57% 18§
600 ......... 1° 9 14" ... 1°10§ 144 ... 1°12" 14¢
700 ......... 1°24° 15 . .. 1°25% 15} .. ... 1°27}) 15§
800 ... 1°40° 16° ... ... 1°42" 16Y ... 1° 44’ 16§
900 ......... BB 19 cvee oSt 1o o e 2° 14 17
1000: s uies 25150 1BY 4y vias 2°17¢ 18Y ... ... 2°20° 18¢
1100 ......... 2°34 19 .. . 29868 193 ... 2°39)y 19¥
1200 ......... TEY 2 e 57 208 ... 8 0 20¥

The writer here points out that, in the construction of the scales
B. and C., properly the value 1’ should alone be altered if it be the
alteration of air resistance only which is the cause of the alteration
of elevation for the same range ; whereas he has kept to the 1’ and
reckoned as if the initial speed alone had altered. But the fact is
that, being desirous to keep to angles not involving endless
decimals, he found he could assume an alterationt in the initial
speed of a trifling alaount, and still no error of any practical value
for such ranges as are shot at would arise. In fact, the value of
the 1', slightly too favourable for B. and C., would balance, for
these ranges, the error introduced into the speed.

There is a fwther item in this interesting branch of gunnery to
be considered, and that is the Joss of initial speed per 100 yards,
due to air retardation.

There are difficulties attending the solving of this problem.

If, while the air offered resistance to the forward flight of the
bullet, it offered mnome to its fall, the problem would be easy; but
not only does it offer resistance, but this fact has been brought to
light, that a body falling in undisturbed air will act differently
from what it would in disturbed air.

A body falling, and having at the same time no forward meove-
ment, will, as it falls, pack the air under it, and so disturb before
it actually gets to it, whercas a body,with a forward movement, such
a8 a rifle bullet, will enter into rew and therefore undisturbed air.

The writer’s ballistic pendulum unfortunately has always been in
a position not to be available for the actual values to be ascer-

™ Saaio A. is again entered, so that the difference may be seen without a back
reference.
4 Such an alteration of speed can, indeed, occur.

. o2
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iy

'h.m&d ; he hopes, however, to be able to rearrange its position, and
accomplish this, but he computes that, taking the A. table of-
angles as a basis, and about 1400 feet per second as the initial
speed, as it in fact is, the loss of speed will be represented by the
following table, as calculated from those angles. Nevertheless this
must be said, that it is a computation alone, and on a certain
asgsumption which involves a possibility of error.

The writer, therefore, only gives the table for what it i8 worth,
for he has a strong belief, which it is hoped will be soon verified
by actual ballistic experiments, that the loss is not so great as the
table gives.

Distance Velocity Velocly *
0 yards, 1400 feet initial speed. 600 yns:ds, 822 feet initinl speed.
00 , 1255 " 7o, 769 ”
200 ., 1186 . 800 , 723 ”
800 , 1087 " 900 , 682 "
400 , 954 " 1000 , 645 »
500 , 883 5 1100 ,, 611 53

There is a very apparent disagreement between two statements
made in this paper, the ne being that the highest part of the
trajectory is not greatly over the half way, and the other that the
speed at 1000 yards is not half the initial speed. One would be
led to infer, from the great loss of speed, that the highest point
would be more like at two-thirds of the range ; but it happens that
the falling of the bullet by gravity is also checked by the air
resistance, and much more heavily than it would be if it fell with
its nose pointing downward. In fact, it falls broadside, and thus
is in its best attitude for the air resisting its gravity velocity—a
fortunate event, for otherwise the trajectory would be far coarser
than it now is,

Ag the position of the bullet opposing its broadside in its gravity
fall to the air has been referred to, the writer takes the oppor-
tunity of pointing out that, though in vacuo the axis of the bullet
would undoubtedly keep parallel to the initial line, in air the axis of
the bullet most certainly keeps tangential to the trajectory curve, or
.80 nearly so as to be considered tangential. This fact he has many
years win® ascertained by direct experiment, and this has since
been verified by the Woolwich gunners, by examining the position
of, the six hundred pounder projectiles in their flight.

i In this table decimals have been omitted, and the nearest foot the'ealonla.
dions give, taken. The strings of decimals were interminable.
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It is rather bemde the present position of the loss of initial speed
«of the match bullet to give tables of the loss of such speed in other
‘bullets, but it may exemplify the massiveness of the air resistance
“to introduce two tables, computed from actual pendulum ezpen
ments with Express bullets.

graine powder, Curtis & Harve; 110 graing powder, Curtis & Barv

o 305 grathn buller, -461 diameter. : 366 gratns baller, 451 dismeter, |

i

"ards, lmi.n “li‘ae]t).am"l Yards, ml?ld‘l'sa.d
i) i R 1913 O sosmmasyrmas: 1008
FD it ans 1400 2B oepasensaassass ¢ 10T
(3 PR SRR [ { 50 e, 1502
75 i 1578 76 ... 1518
100 1474 100 ... veeee 1449
125 1418 125 1884
150 1347 150 1323
175 1280 175 1276
200 1217 200 1223

These bullets it will be at once seen are short in length, in fact.
they are, asalready stated, for Express rifles: it exemplifies the
undesirableness of carrying the Express system too far, and alse:
illustrates the point now in treatment.

APPENDIX.

It may be interesting to those engaged in gunnery to examine
the following table, which the writer has drawn up for his general
guidance. '

It gives for the two columns, the proportions of bullet and
powder, and the third column the resulting initial speed.

. It is found that these velocities are fairly scund for all usual
_small arm work, that is, for bores varying very largely, and of the
usual length, and also for charges varying very largely. In the
length case about e:ghty times the diameter of bore has been
‘taken : where there is a shorter length a little loss of force w:ll
.obtain, and vice versd. e

In fact, it is a very good general table for breech-loaders, a.n&_

_rather too favourable for muzzle loaders, say about 25 feet per
*gegond. )
Lead: Powder. .| Lead, Powldor. Vﬂoulty
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There is a curious anomaly worth mentioning in relation to the
zero of rifles. It is this, that if a thoroughly accurately-made
pin-hole plug be entered into the breech end of any rifle, the
construction of which permits the eye to see through the
barrel, and also an aperture plug be entered at the muzzle; and if
the rifle is then pointed, with ite sights set to the zero, ascertained
by shooting at the 12 yards, at any object, say at 100 yards off,
and if then the line of bore be examined—it will be found that
there is a very great difference between the two lines, instead of
there being only about the inch the eye line is above the bore line,

It happens in all rifles, more or less, and in wifles with the long
fore-end, such as military rifles, the removing the fore-end increases
the amount considerably.

A rifle, however, having an eatremely short barrel does not exbibit
this anomaly. This peculiarity will develop vertically if the rifle
be shot as usual, but horizontally if the rifle be fired horizontally.

The best way to develop this fact is to shoot at such a distance
as not to mix up the gravity pull with it, say at 25 yards, wheps
the fall is half an inch only.

The anomaly is no doubt due to the total mass of the rifle being
non-coincident with the axis of the bore, and on the jerk of recoil
being given (1t is like a sharp blow to the rifle, as it happens in
less than ;}5th of a second), the rifle, instead of a true recoil, has
imparted to it such a motion as eventually cuuses the muzzle to
jerk up, but of which the first result is to set up a distinet bend of
the barrel itself, actually forcing the muzzle down below its original
line,

It happens that at just about this moment the bullet passes the
muzzle, and so it strikes lower on the target than if there had been
no such action. In fact, it is similar to the aclion of a fishing-rod,
which, if watched while a “ strike” is being made, will exhibit, some
way three-quarters up, & neutral point, above which the rod will
actually move the contrary way for a short time, before the rest of
the rod drags this upper part back.

. It is easy to comprehend this. objection, that the barrel,
especially of a match rifle, is too stiff to allow of this;.but, first,
it is the fact that such a barrel can be easily sprung, even with the
two hands, a very eyeable amount out of truth (of course it goes
back again), and that the jerk of the kick is in actual fact like the

" blow of a hammer.
With regard to the improvement of trajectories, the writer does.
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not feel that much more can be doneé to improve them under the
terms of the weights and charges used.

No doubt with a heavier rifle more may be done; for instance,
the writer has 15lb. rifles requiring, for 500 yards, 45'; for 1000
yards, 1° 55'; for 1500 yards, 3° 25'; and for 2000 yards, 5°17';
the initial speed being about 1565 feet per second, but this only
because these rifles are “a little bit longer—a little bit broader—a
little bit deeper ’—than the usual match rifle, which requires about
61° at 2000 yards, and the weight of the bullet and powder in
proportion.

But the trajectory of the match rifle as it stands is very small.
Let the reuder contemplate some of the older curves. The English
Enfield musket of 1854, for 1000 yards, under its very best con-
ditions, gave 31° and with common cartridges 3;°.

The writer’s own angles, in 1852, at that range, were worse.

General Jacobs, whose name has been well known in relation to
long ranges, was satisfied with very coarse angles ; and, though the
writer cannot at the moment of writing state what his angles were
at 1000 yards, he has found it stated that one of Jucobs’ rifles, of
1431b. weight, especially built for 2000 yards range, required
12° 30’ of clevation for that range, whereas, as has been just
stated, even the 10Ib. match rifle, with its usual charge, only
requires about 64°. It is probable that the rifle above referred to
as requiring 12° 30’ for 2000 yards, would demand over 4° for 1000
yards.

In conclusion it must be admitted that, in studyving that branch
of gunmery of which this paper treats, a very large ficld of interest
is opened to the mfieman, which, while 1t cannot but mmake him a
better marksman, must vastly increase his grasp of the subject, and
his interest in its higher branches.



CHAPTER VII
RECOIL.

Tar recoil of the gun appears to me to consist of two distinot
portions, although closely connected ; and, for the sake of
explicitness, they may be described as the initial recoil and
the kick. The former is a process of gradual development,
brief as is the period of action. Until & certain amount of
force is generated there can be no movement whatever. As
goon, however, as the shot begins to move forward, the guy
(unless fixed) would move backward—slowly at first, but with
gradually increasing speed as the shot increases in velocity.

On the shot reaching the muzzle, the circumstances
undergo a marked change. The “initial recoil ”” had been
g{-a.dually increasing as the shot moved faster and faster up
the barrel, but now it receives a sudden additional impnulse;
for hitherto the backward pressure of the gas on the breech
had been in great measure counterbalanced by its forward
pressure on the projectile ; but the counterpoise being lost as
the shot leaves the barrel, the full force of the gas takes
effect on the breech, and hence it is that the kick is so
sensibly felt.

During the progress of the shot up the barrel the gas-
\pressure operating on the breech had not been wholly
edgaged in producing recoil, because other work had been
going on which to some extent counteracted the tendency of
the breech to move backward. Thus, breech and barrel
wirtually form one whole, the breech being no more able to
vretreat without the barrel than the barrel can run forward
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without the breech. The force of the gas, however, is
exerted, so0 to speak, in an endeavour to move them in
opposite directions ; for when the shot is driven forward, it
would, by reason of the friction, carry the barrel forward
also, just as a tight-fitting mass of tow on a cleaning-rod, on
being forced into the bore, will carry the barrel with it
unless the latter is firmly held. Accordingly, the force of the
powder-gases engaged in pushing back the breech of the gun
is diminished in effect by so mucl¥of the forward pressure as,
in the form of friction, 1s tending to drive the barrel forward.

Besides this friction, however, which has to be overcome,
and the weight of the shot which has to be moved, a con-
siderable proportion of the work to be done by the powder-
gases is the expulsion of the column of awr in the barrel,
which, especially as the shot approaches the muzzle, muat
offer much more resistance than the shot itself.

When the shot reaches the muzzle of the gun, a sudden
relief occurs at one end of the barrel while the gas pressure
is abll in action at the other. The compressed air is expelled
from the barrel, and the frictional resistance and projectile
are removed simultaneously ; the pressnre of the gases being
thus exerted unchecked upon the breech, gives a strong
additional mmpulse to the slow-growmg mmtial recoil, and the
movement of the gun culminates in the kick.

Equal muzzle velocity in shot may be produced by very
different powders ; and that which, by evolving its gases most
rs.pidlyf, exerts greatest pressure, at first, dimimishes soonest
in force as vhe shot moves up the barrel, and exerts least
pressure when shot and gun part company. The quick-burn-
ing powder would thus give greater initial recoil and less kick.
The initial pressure against the shoulder, being in the nature
of @ comparatively slow push, would in many cases probably
Jhave an effect similar to that produced by holding the gun
wwith a very firm grip—the sensation of the kick would be



