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come to the same level-i. e., supposing their line of el~va.tion. 
w~re alike originally. 

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

The spherical ball and the Express bullet were both of 
'577 bore, and both f'ohot with 6 drams of powder. The 
long bullet (648 grs.), which was of more than double the 
weight of the spherical ball ~~87 grs.), had rather over 
1600 ft.-sec. muzzle velocity, and the !lpherical ball had about 
300ft. higher initial speed, yet, owing to their difference in 
10ss 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 7t inches in each. 

The extent of drop of the respective bullets at eight 
equi-distant points in the 100 yards range will be set'-n .. hv: 

the following table, where the measurements are pi.J .. 
the second deClmal, or hundredth part of an inch tj , 

that the variations from stage to stage IDlty be ree·' 

FALL OF '577 ELONGATED kND SPHERICAL BULLETS J 

12!yda. 2.5ydB. 37bdB. 5<lyds 62~ydB. 76y 

Elongated .. i)·lUn. 0·43in. 0·96in. 1·74in. 2·78in. 4'(' 
Spherical ... 0'07 0'32 0'77 1'46 2'45 ;-

Difference... 0'04 • 0'11 0'19 0'28 0'33 iJ 

The drop of the elongated bullet, ow'1-

speed, is at first greater than that of 
the difference increases till beyond 
the turning poiut in the trajPctorP 
uccurring at about 52 yards, and. 
about four yards further on; anr 
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 hl1s 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 con~equently 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 bPlow the line of projection, 
whereas the elongated bullet would only have dropped about 
35 inches. 

Supposing, then, that riHei' were sighted for a fall ot 
7t 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 point:;, as indicated in the 
foregoing table; and. the spherical ball would have the 
higher trajectory up to nearly 100 yarclK, where it would 
dr.on below, as will be seen by the following figures: -

OF TRAJECTORY OF -;'77 SPHERICAL AND ELONGATED 

BULLETS IN 100 Y Alms, 

vd~. 2.jyds. ;rit~dB. l10jdA. G:lj)'tl';. 7.jycls 87~ydA. lOOyds. 

in_ 1-56in, 2-05il1_ 2'2!lin_ 2'24in_ I-Suin, 1-08in, -O'14in_ 
1'45 1'86 2'01 1-91 I' 57 0'90 -0-07 

) 0'11 O'W 0'28 0-33 0'29 0'18 -0-07 

'l,bOO yards, as the Rpherical drops 14 inches 
i(ated bullet, the same angle of elevat,ion 

tboth; amI if two rifles were sighted to 
;ffel'ence of fall, the trajectory I)f tntl 

10 inches at its highest point, whereas 
11 the height would be very nearly 
l (Fig. 16, p. 130) will represent 
:he two hullets, a c being th& 

projectile, and a c' that of the 
,with the same elevation (line a b), 
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the spherical ball, by reason of its higher velocity, is ~pper- , 
most for about 100 yards, when, having lost its superiority \ 
of speed, and the time of flight having been equalised, its 
trajectory dips bolow that of the elongated bullet, which 
henceforth keeps tho highest positiou. By the time it has 

. gone about 170 yards, the spherical ball has dropped down 
'below the line of sight (a c); and at the end of the 200 yards 
range it i!, about 14 inches lower than the elongated bullet. 
If the spherical ball wpre r equired 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 c' 
would become the line of sight, and the distance between 
this and the curve a c' would be the height of traJectory. 

TRA..TEC1'OlHES o~' EXPRESS RIFLES. 

There may be [laid to he two very distinct types of rifles 
made for elongated bullets, viz., those for long heavy pro­
jectiles, with low muzzle-velocity, and those fOI" comparatiyeJ-.r 
short, and light bullets with high initial speed-the £.~ 

having low trajectorie" at long ranges, and the laj 
trajectories at sporting' distances. '1'ho h!>t-ment: 
bE' subdivided into two or three varieties, accor 
bullet is more or less light or hollow and ) 
powder more or less heavy. Where to dra~ 
what is or is not an (( ExpresR" rifle is a / 
which opinions ,differ; but without attern 
what ought to be the nomenclature, ~ 

same name has been applied to weape> 
ably in weight of bullet, initial spee 

In the examples already given (p 
velocity. and energy of various Expn 
siderahle difficulty in making a cd 
in consequence of their varying in 
length of barrel, and proportion 



14:0 '11lB :MODERN SPORTSMAN'S GUN .AND BIFLB.' 
----------------------------._--_.--------------
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 a 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 bi111et,." 
which is ·450in. in diameter, and 1·21in. (or a trifle more 
than 2i diameters) in length. If bullets of other bores were 
maile exactly proportionate with the Martini-Henry, their 

.and weight would be as shown in the following table, and 
>Rponding charge of powder required would be as here 

''"losing the same proportion of powder were used: 

'.OPORTIONS OF LENGTH TO OALIBRE OF BULLET. 

Length 
l ot Bullet. 

• ~O'97 inch 
'1bl'02 

1, 

Weight 
of Bullet. 

246 grains 
282 .. 
337 " 
390 " 
480 " 
658 " 

......... 1012 " 

Corresponding 
Weight 

of Powder 
42 grains. 
50 " 

......... 60 
69 " 

8& " 
......... 117 
......... 180 

ties being equal, the larger the bore 
l3 trajectory, as the weight of the 
; pidly than the surface opposed to 
lOsphere, 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 grow/! 
in the same proportion as the inqrease 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 Martini­
Henry bullet (nearly Ii 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 larg8r bore are correspondingly 
diminished in length and in weight. This will be made 
more obvious if, instead of giving the length as equal III 

inch measurement, it is given in the number o£'diameters. 

BULLETS OF EQUAL LENGTH BUT DIFFERENT CALIBRE. 

Diameter Length Weight 
of Bore. of Bullet. of Bullet. 

'360 inch 3'36 diameters 307 grains 
'380 

" 
3'18 " 

342 
'400 " 

_ ...... 3'02 379 
'420 " 2'88 418 

'450 " a'69 480 
'500 " 

2'42 " 
593 

'577 " 
2'11 789 

It i8 not very probable, however, that i" 

use small-bores with such very long bulle! 
would prefer tf' Wle less lead ill proporf 
to get higher velocities. It may be af 
see what, bullets of different bore 
th,ose of '450 of variout! weights. 

The bullets in the next table woul 
with like muzzle-velocities. In each 
are taken as the typ,3 from which i 

and they are accordingly printed in 
It may possibly be said that n,obc 

Corresponding 
Weight 

of Powder. 
56 gr~in8. 
61 
67 
7 



42 THE MODERN SPORTSMAN'S GUN AND RIFLE. 
' / .~------.-.----.-.. ---.---~ .. -. - ---
sporting 'purposes, such heavy projectiles as many of tIJ,ese. 
The last line of the table, however, is iuserted for the sa~>O of 
comparison with the Martjni; and the rest have their ccunter­
parts ill rifles already made for Elporting purposes, although 
some may not have come into general use. Thus, with 

. reference to the heavy ,projectiles in the last line but one, 
where a 440gr. bullet of '450 calibre is taken as the type; the 
'40q 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 ritle with 350gr. bullet as "the pleasantest {I,nd 
best rifle for deer." Further on in the same line o£t~e 
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 thfl 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. 

--- 0 . _ \ • • '380 bo~ \ .~~~~:~ -'\ .. '420 ~re. t4.~~io~~ -~~~.~rc. ~,"~7~· bo.re. 

. Grains. \ Grains. GminH. Grain". <hains. Graln~. 
18.S \ 205 226 260 321 427 
~OO 221 244 280 346 460 
14 237 \ 261 300 370 493 

- 261 287 \ 330 407 543 
284 314 \ 360 444 592 
316 348 400 494 658 
:348 383 440 543 723 

_:~:_ .. _~~_.I _~~~ __ , 593 __ ~ 
sane dimensions do not, however, have .. ' 
, . . ecause soine 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 
'iati,on in the powder-charges and in 
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uzzle-velocity with light bullets than with those or a heAvier' 
;haracter, it would be hardly satisfactory to take only one 

speed as a basis or comparison. It may be as well, there£ors:' 
to take 2000, 1900, and 1800 feet per second. 

BULLETS- 01,' SAME TYPE AS 260 GRS., '45() BORE. 

---------- ------ --------
I 

2000 FT.-SEC. MUI.Z[,E VELOCITY. I I'JOO I T -, RC lI1UzzLE 1800 I'" -SEC MUZZLE 
I VELOCJlY. VELOOITY. 
I 

Remaining I 
- I~-~-

I I 
Drop of 

nange. Drop of I Remallling R(\maining Drop of 
VelocIty Bullet. I Yeloclty I Bullpt. Velocity. Bullet. 

---- 1-- -----
Yards. Ft perk8c. Ft. III Ft porReo I Ft. in Ft perRer Ft In, 

,50 1787 0 1'22 I 1696 (l 1"47 1604 0 1'51 
100 1592 0 5'48 , 1'IO'i 0 6'1 1423 0 6'8 
150 1413 1 l'~) 13:lS 1 3'1) 1260 1 5'3 
200 1257 2 4'1 1195 » 7'2 1137 2 10'9 .... 
250 1130 4 1"7 1081 4 7'3 1040 I) 1'3 
300 1036 (j S'8 1006 7 " 977 8 2 .J 

350 974 10 2 H48 11 2 922 -12 ·2 
400 919 14 8 R96 16 0 873 17 4 
450 870 20 '4 849 22 0 R28 23 !oJ 
500 826 27 3 S07 20 4 788 31 7 

Charge: I powder to about I 8 IeI'd : I po" der t~ :ho~tt 2 2 lel1{~ II powder (0 about a·6tead. 

An, endeavour is made to give an idea of the charge of 
powder likely to produce the velocity stated at the heac 
the table; but this must unly be considered as approxiD 
for all rifles will not give exactly corresponding. results, 
when the conditions are apparently aEke. Large bore 

. will probably give rather higher result"! than small bOl'l 
the same proportion of powder, and 1 

greater velocity than short ones' 
assumed to be of equal length, vi:>' 

The question now ariseR, how f;: 
~ 

velocity and drop affect the traje': 
difference in the position of the h 
-1ifferent velocities were fired f 

From the foregoing 
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range of 100 yards, a di~erence of 100 ft.-seo. muzzle-velou,. 
would make nearly three-quarters of an inch difference (, 
.-rop i in 150 yards there would be about double this 
difference i in 200 yards mQre than four times as much; and 
'1Q on. Consequently, if the rifle were sighted for, say, 
150 yards, with a charge of powder givillg 1900 ft.-sec. 
velocity, and were shot with a charge giving 2000, the bulleli 
would strike about an inch and a half too high j 0]100 it would 
be nearly two inches too low if shot with a smaller charge, 
giving 1800 ft.-sec. velocity. If, however, the alteration or 
f1he charge produces a difference of «jump" in the rifle-as 
it certainly does .in some cases-that cannot be estimated in 
this calculation. The amount of {( drop" would not be 
a.:ffected by the jump, but the up and dOW'-1 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 
mdependent trajectories, calculated from the drop of the 
respective bullets with their different velo?ities. These will 
nbw be given for e;er1 iJO yards from 100 up to 500 yards. 
Til is not supposed, however, that sights for the whole of these 

cances would be applied to anyone rifle; put, as different 
may De 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 
tl" at each range-are grouped together, and the 0 shows 

for whic~ the rifle is supposed to be 
flO yards range, where the final 

>ace in the page. The greatest 
also given in the last column, 
readily estimated m cases where' 

g., in the 150 yards range. Tpe 
·ctory in this case occurs at abnot 
range the greatest heip-l. 
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j,ooJsoo yards with this bullet, and at 1~S8 with h.~~ 
llets; but there is no great difterence between the heig'ht 

.t the ha.lf-range and at the oulminating point. . 

BmGHT OF. TB.An:cTOBIBS 011' BULLIIl'l'S OF 260GB. Tn. IN I{urGIIlS 11'80. 
100 TO 500 Y AltJ)s. ~ 

\ 

Full I Range 
Helght of Bullet at points In the Range, 50 yards apar!;. i~i and -

Muzzle 5Oyds. lOOyds. 16Oyds. 200yde. 2llOyds. Velocity ------------
Ft.-sec. Ft. In. Ft. In. Ft. In. Ft. in. Ft. in. 

100 , 
2000 0 1'5 0 ... .. , ... 
1900 0 1'6 0 ... ... ... 
ISoo 0 1-9 0 ... ... . .. 
160 
2000 () 3'41 0 3'S 0 ." ... 
1900 0 3'80 4'3 0 ... . .. 
1800 0 4'30 4'S 0 ... .. , 
800 

. 
5.slo 2000 0 8'6 0 7'1 0 .. 

1900 0 6'410 9'5 () 7'9 0 ... 
1800 0 7'210 10'6 0 8'S 0 ... 
250 I 

2000 0 9 11 2 1 4 1 0 0 
1900 o 10 11 4 1 (j 1 1 () 

1800 011 11 6 1 7' 1 3 0 

'aoo 
11 10 2000 1 0 2 2 2 2 1 (j 

1900 1 2 2 0 2 5 2 4 1 7 
1tlOO 1 4 2 2 2 8 2 6 1 8 

350 
2()00 1 4. 2 5 3 3 3 6 3 2 
1900 1 6 12 8 3 6 3 9 3 4 
1800 1 7 

12 11 
3 9 4 1 3 7 

400 
2000 1 10 3 3 4 4 5 0 5 0 
1900 111 13 6 4 8 5 1) 1) 4 
1800 2 1 3 \) 5 1 ;; 10 5 9 

"0 
2000 2 3 4 2 5 8 6 9 7 

, 
1900 2 4 \: 5 I: 1 7 2 7 l 
1800 2 6 9 6 7 8 8 

aoo 
9r 2000 \2 8 ~ 0 17 0 8 7 

1900 2 10 I) 4. i~ 6 {) 1 Ie 
1800 3 1 5 9 0 10 7\U' 

300yds. 36OydB. 

----
Ft. !no Ft. In. 

. .. ... 

.,. . . 

... ... 

... ... 
.. .. , 

.. ... 

I ... .. . .. ... 
.. ... 
.. ... ... ... . 

'" .. , 
0 ... 
0 .. , 
0 .. , 

2 0 0 
2 2 0 
2 4 o , 

4 4 2 8 
4 7 2 10 
~ 

400ydB, 43Oyds. 

----
Ft ill. Ft. In. 

... . .. 

.., .. . .. . .. 

... ... ... . .. . .. .. 
.. . .. 

. .. ... 'If .. . ... 

. .. ... 

... .. . .. , ... , 

. .. , .. 

... ... 

... .. 

... .., 
••• It ... 
... ... 
0 '" 
I) 

I~l t!l= 
Ft.In. 

0 
0 
0 

0 
0 
0 

0 
() 

I' 
l' 
l' 

40' 
40' 
:; 

8' 
9' 

6 
7 
9 

1 
/) 

7 
7 
IS (HO' 

1 40 
1 B 
1 7 

,2 2 
2 S 
2 S 

S 6 
8 ( 

4. 
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BULLETS OF SAME TYPE AS 28OGRS" '450 BORE. 
! 

1900 FT.-SEC. MUZZLE VELOCITY. 1800 FT.-SEC. MUZZLE VELOCITY. 

~-----~- -----

lta.nge. Remaining Ij[u'ire~f Range. Remaining Drcre of 
Velocity. Velocity. Bu et. 

------- ----
Yarde. Ft. per 8ec. Ft. in. Yards. Ft. per soo. Ft. In. 

50 1710 0 1'34 50 1617 0 1'5 
100 1534 "'0 6'2 100 1448 0 6'7 
150 1372 1 3 150 1297 1 5 
200 1233 2 6 200 1171 2 10 
250 111~ 4 5 250 1069 411 
300 1034 7 1 300 1003 7 10 
350 976 10 8 350 949 11 8 
400 925 15 2 400 

I 
900 16 7 

450 878 

I 
20 10 450 856 22 7 

500 837 27 9 . 500 -816 30 0 

Cha.rge: 1 powder to about 2'3 lead. Charlto: 1 powder to about 2'6 lead. 

It would be tedious to go through the various types of 
lullets with the same amount of fullness as is done on the· 

previous two pages; and the figures there given show that, 
within moderate limittl of change of velocity and alteration in 
weight of b~llp,t, the variations of drop and differences ill 
trajectory are comparatively small, and the divergences can b€ 
"u~ssed at within a little when you have the weights, velocity, 
ld drop of other bullets to take as standards to judge by. 
Clcordingly, the "remaining velocitie~" and "drop" will, 
the majority of cases, be calculated only from two muzzle 

'ities; but in .two other instances, the three velocities 
eights of trajectories will be given, for the purpose 

"'Uparison. 
t·hese tables may be turned to 
lave 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 gra;T • 
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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 much about the same as the '450 of 360 grains. 
Hence we take as our means of comparison, in the former 
<lase, the table opposite, and for the 500-bore we refer to the 
table of 3f;}Ogr. type given on page 150. 

If we know, from chronograph re'lults, or from the process 
of calculation hereafter ilescribed, what is about the muzzle 
~elocity of the resrective rifles, we may find that they come 
within a moderate dUIerence from one or other ~f 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, m the case of the '400 bullet, we know that its muzzle 
velocity is about 1850 ft.-sec., we may t!\ke the medium 
between 1900 and 1800, and see at a glance that at, say, 200 
yards, the remaining velOCIty would be about 1200 ft.-sec., and 
the drop about 2ft. 8m.; and '<0 on WIth other distances. 1£ 
we do not know what the muzzlo veloClty is, we may yet 
perhap<t be able to form an appro,Xlmate notion by reference to 
the charge of powder. 'Nle '400 bullet of 220 grains is shot 
with, say, 3! or 3t drams of powder. Rpferrmg 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 Stdrs. 
would gHre the proportion of about 1 to 2·5, and 3idrs. of 
about 1 to 2·3; so it may be assnmed that the muzzle velocity 
of the fotIner would be rather over 180Q ft.-seC'., and of the 
la.tter about 1900 ft. -sec. 

One thing, however, It will not be safe to assume, viz., that 
if we alter the charge from ~tdrs. to 3idrs., or vice versa, and 
thus raise or diminish the velOCIty by 100 or any other number 
of feet per second, "he difference on the target will be only the 
number of inches shown in these tables. Such would be the 
case if all condItions remained exactly the same except the 

L 2 
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• mere alteration of speed; and !'iuch, indeed, is the e:ffe~t when, 
'as the chronograph shows, there are variations of lnuzzle­
velocity with exactly the same charges. But when we alter 
the quantity of powder, the conditions Qf explosion are also 
ohanged; a different degree or "jump" is set up, in the 

. t 
barrel, and the effect or this change or jump does not run on 
the same lines as the effect or simple alteration of speed. 
Thus, rererripg to the next table, WI3 find that, in 100 yards7 

there is less than one inch difference or drop produced by 
100 ft.-sec. change or initial speed, but that at 500 yards th€ 
differeuce is nearly 2! feet. There might be a difference in 
jump such as would just compensate ror the difference or drop 
at one range, but would have by no means the same f'ffect at 
the other; ror s}lch a change of jump as would produce 3:0 
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 expectod position on the target, and the 
marksman might be puzzled to account for it. 

BULLETS OF SAME TYPE AS 300 GRB., '450 BORE. 

1900 FT -BRC MUZZLIil VEl CICIlY 1 1800 FT -REO MUZZLE /1700 F1 -SEC MUZZLE 
•• ,. VELOCITY VELOCITY 

iRem . I D --t--1n D ;-In-- D 
Range. a.lnlng rop 0 emlunlng rop 0 omalnlng 

D~Yef. Velocity Bullet VelocIty Bullet Velocity. 

~-----
I ---

Yards. Ft. persec. Ft In. Ft per sec Ft in Ft pereee'l Ft. In. 
50 1722 0 1'32 162!J 0 1'49 11';30 iJ 1'7 

100 1556 0 5'9 1470 0 6'8 1384 . o 7"4, 
150 1403 1 2'7 1325 1 4'4 1252 1 7 
200 1267 2 5 1202 2 9 1141 3 1 
250 1154 4 3 1100 4 9 1053 5 3 
300 1062 9 :1 1027 7 6 995 8 4 
350 1002 10 2 973 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 26 5 843 28 7 822 31 0 

~ ---- -
Oharge: 1 powder to .. bout 2'3 le .. d. 1 powder to about 2 Ij lead. 1 powder to .. bout 3.Jead. 



TRAJEOTORY OF THE BULLET, 

HEIuliT 011' Tl!.AJBCTORIES OF BULLETS Oll' 3O'O'GB., TYPJI, IN R&NGJlS 

10'0' 'ro 50'0' YARDS. 

Fun , Height of Bullet .. t point" In the Range, 00 yards apart. "''C to 
J,l;S -------Banr 

&.n !.~! Mu~z1e 6Oyds. l00yds 15Oyd. 200yd9 260ydB 300yds. i 35Oyds 1400Yd9. 4~Oyd8 eloolty , t!l= 
~~ Ft. 1n. ~ Ft. m ~I Ft.in. Ft.ln ~ Ft-soc. Ft.1D. 

100 
190'0' 0' 1'6 0' '" '" I ... " ... 0' 1'1 
180'0' 0' 1'9 0' .. '" I 

" . , 0' l'j 
170'0' 0' 2'0' 0' " .. . .. ... ... " '" 0' 2'1 

160 I 
190'0' 0' 3'60' 3'9 0' " '" '" ... 0' 4'~ 
180'0' 0' 4'0'10' 4'2 0' " '" .. 0' 4'\ 
170'0' 0' 4'50' 4'9 0' .. ... , . ... 0' 5'~ 

200 
6'0'10' 8'71 0 190'0' 0' 7'2 0 .. .. 0' 8'8 

180'0' 0' 6'7! 0 9'610' 8'1 0 I .. .. o 9'7 
170'0 0' 7'5

1

0 10'9 0 9 0 . , .. .. OU'O 

250 I 
1900' o 9 )1 2 11 4 1 0' 0 I ... . .. 1 4. 
1800' 

010 I' 4 1 6 1 1 0' I .. , ... 1 6 
1700 o 11 1 6 1 8 1 2 0' ... .. ... 1 8 
300 I 1900 1 0 1 9 2 2 2 1 1 5 0 .. .. ... 2 2 
1800' 1 1 / 1 11 2 !i 2 4. 1 7 0' I ... . .. 2 I; 
170'0' 1 3 12 2 2 7 2 6 1 8 0' I ... ", 2 7 
380 
190'0' 1 4 2 5 3 2 3 5 3 0 III 0' '" ... 3 5 
1800' 1 6 2 8 3 5 3 B 3 3 2 1 0 ... .. , 3 8 
170'0' 1 7 211 3 9 4 0' 3 6 2 3 0' '" 4 0' 

190'0' 1 8 3 2 4. 2 4. 10' 4. 10 4. 
1 12 6 

0' ... 411 
180'0' 1 10' 3 5 4 6 5 2 5 2 4 4. 2 8 0 ... 5 S 
170'0 2 3 3 9 411 5 7 5 7 4. 8 2 10' 0' ... 5 8 

'"0 
516 10' 190'0' 2 1 311 5 5 6' 6 6 5 4 3 3 0' 610.., 

180'0' 2 3 4 3 5 10' 

611 I' 3 611 5 7 3 4 0' 7 8 
170'0' 2 6 4. 7 6 3 7 5 7 9 7 4. 6 0 3 6 0' 7 9 

190'0' )2 6 4 10' 6 8 8 2 9 0' 9 1 I 8 4 6 8 3 10' 9 1 
180'0' 2 9 5 2 7 2 8 9/}t 7 9 8 8 10 7 0 4. 1 9 8 
1700 3 0' 15 7 7 9 /9 4. 10 2 10' 3 I 9 4 7 5 4 4 10' 3' 

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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BULLETS OF SAME TYPE AS 330GRS., '450 BORE. 
~------------------------~-------

1800 FT,·SEO. MUZZLE VELOOITY. 1700 FT.-BEC. Muzzr,lIl Vll!LOOITY. 

Bange. 

I 
Remaining Drop of 
Vcloclty. Bullet. 

I 

Yard8. Ft. per ""c. Ft. In. 
50 1645 0 1'5 

100 1498 0 6'5 
150 1363 1 4 
200 1244 2 7 
250 1144 4 6 
300 1062 7 2 
350 1007 10 7 
400 960 14 11 
450 917 20 4 
500 878 26 10 

I 
Range, 

I 
Yard •. 

50 
100 
150 
200 
250 
300 
350 
400 
450 

I 500 
--

Remaining­
Velocity. 

Ft. per seo. 
1550 
1411 
1286 
1179 
1089 
1025 
977 
933 
892 
855 

Ft. In. 
o 1'7 
o 7'3 
1 6 
211 
5 1 
711 

11 8 
16 5 
22 3 
29 ::; 

Cbarge: 1 powder to about 28 leoo Charg~' 1 p owder to about 3 load. 

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 estiruatos may be formed of other bullets inter­
mediate in weight, as the vll,riations may be only a few feet in 
velocity or a few inches in drop. 

BULLETS OF SAME TYPE AS 360 GRS., '450 BORE. 

1800 FT.-BEO. MUZZLE VELOciTY. 

\ 

1700 FT -8EC. MUZZLE 
VELOCITY, 

Range. VeloClty. Bullet. VelOCity. 
Drop of 
Bullet 

IGoo .'T -SEO, MUZZLE 
V"LOCITY. 

Rema.ining 
VelOCity. 

Drop or 
Bullet I 

Rem:ining ~~~ Remaining 

______ 1 ___ -
1
-------

I 
Yards. 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 

Ft per BCC 

1657 
1.522 
1395 
1282 
1184 
1100 
1036 

991 
949 
911 

Ft, in. 
o 1-46 
o 6'36 
1 5'4 
2 6'5 
4 4 
6 10 

10 1 
14 2 
19 3 
25 5 

Ft per ROC. 1 
1563 1 

Ft. 
o 
o 
1 

1433 I 
1315 
1212 
1124 
1052 
1004 

1 2 
1 4 

7 
11 
15 
21 
28 

961 
922 
886 

in. 
1'55 
7'15 
5'6 

10 
10 
7 
2 
8 
2 
9 

Ft per.er, 
1468 
1347 
1240 
1148 
1070 
1017 
973 
933 
896 
862 

Ft, In 
(I 1'86 
o 8'1 
1 7'9 
3 2'6 
5 5'5 
8 5'6 

12 5 
17 3 
23 2 
30 3 

Oharge: 1 powder to about 2'0 lead, 1 powder to about 3 lead. 1 powder to about 4 lead. 



Full 
Range 

a.nd 
MllZZle 

VeloCIty 
---
Ft.-soo. 

100 
1800 
1'700 
1600 

150 
1800 
1'700 
1600 

200 
1800 
1'700 
1600 

250 
1800 
1'700 
1600 

300 
1800 
1'700 
1600 

350 
1800 
1700 
1600 

4:00 
1800 

'1'700 
1600 

"50 
1800 
1'700 
1600 

800 
1800 
1'700 

TRAJEOTORY OF THE BULLET. 15~ 

HElOB'T OF TRAJECTORIES OF BULLETS OF 860GR. TYPE, FROM 
100 TO 500 Y.~RDS. 

Height of Bullet at point" in Range, 50 yards apart. 

50yda. 100yds 160yda. 20Oyds. 25Oyds. 300yds. 300yds. 40OydB. 

----------------
Ft-in. Ft. in. Ft. in. Ft. in. Ft. in Ft in. Ft.ln. Ft.oin. 

0 1'7 0 .. .. . .. ... .. 
0 2 0 . . ... ... ... ... .. . 
0 2'2 0 ... ... .., , . .. .. 

0 3'8 0 4'1 0 ... ... .. , .., ... 
0 4'3 0 4'6 0 ... ... . , .. , ... 
0 4'80 5'2 0 .. .. , ... .. .. , 

0 6'1 0 8'90 '7'2 0 ... ... ... .. . 
0 6'90 9'9 0 8'0 0 .. .. ... .. . 
0 7'8 o 11'2 0 9'0 0 .. , ... . .. ... 
0 8'9 1 2'411 3'5 o 11'1 0 .. , ... ... 
o 10 1 4'1 1 5'4 1 0'4 0 ... ... .. 
o 11'3 1 6'01 '7'61 1'8 0 ... ... .. 

1 0 1 9 2 1 2 0 1 4 0 .. ... 
1 2 1 11 2 1. 2 3 1 6 0 ... ... 
1 3 2 2 2 '7 2 5 1 '7 0 .. ... 

1 4 2 4 3 0 3 3 2 9 1 10 0 ... 
1 6 2 '7 3 4 3 6 3 2 2 0 0 '" 
1 '7 2 10 3 '7 3 10 3 5 2 2 0 ... 

1 8 3 0 4 0 4 7 4 '7 3 10 2 4 0 
1 10 3 4 4 5 5 0 411 4 2 2 6 0 
2 0 a B 4 10 5 5 5 4 4 5 2 8 0 

2 0 3 9 5 1 6 0 6 5 6 1 411 211 
2 3 4 1 5 '7 6 '1 6 10 6 6 5 3 3 2 
2 5 4 6 6 1 '7 1 I: 5 611 5 '7 3 5 

2 5 4 '1 6 3 '1 '7 4 8 5 '1 8 6 1 
2 8 6 10 8 3 0 9 1 8 3 6 6 

460yds. 

--
Ft. In. 

. .. . .. . .. 

. .. .. . 

... 

'" ... ... 
. .. 
'" .. . 
'" ... ... 
... 
... ... 
... ... ... 
0 
0 
0 

j'O t-.. 8 

!i·~ 
Oll:lf:: 

Ft. In. 

0 
0 
0 

0 
0 
0 

l' 
2' 
2' 

4' 
5' 
5' 

8 
1 
3 

6 
o 
6 

0 9.1 
o 10~ 
o 11.40 

1 4 
1 6 
1 8 

2 2 
2 5 
2 8 

3 4 
3 7 
311 

4 '7 
5 0 
5 5 

6 5 
6 10 
'7 5 

8 '1 8 5 
1 140 11 I; 1600 \2 10 15 4 '7 5 ,8 10 '/ 9 8\8 9 610 

3 10 \ 9 
419 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 
lII;edium results; the long-range trajectories being very similar 
to those of' 260grs. and 360grs. having '200ft. higber:or lower 
speed, and the short ranges having about half that difference. 

BULLETS OF SAME TYPE AS 400GR8., '450 BORE. 

1600 FT,-SIIO, MuzZLlI VEtoOITY. I 1500~;.-BEO.~~ZZLE~;:OOITY:-· 

Bange. Remaining Dro~ of "- I """",,;"~ ~ - ""'£ ;;;-Velocity. Bul~t. . Velocity. BIll et. 

. '----.--- ------
Yards. Ft. per Bec. Ft. In. Yard •. Ft. per Bec. Ft. In. 

50 1481 0 1'84 50 1387 0 2-09 
100 1370 0 7'9 100 1286 0 9'1 
150 1270 1 7 150 1196 1 10 .'~ 

200 1183 3 1 200 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 2111 450 896 25 3 
500 896 28 6 500 870 31 4 

Charge: 1 powder to about 4 of lead. Cha.rge: 1 powder to about4'~ of lead. 

----------_._----_ .. ------- .. -- ---_.,.--,---

Bur,LETS OF SAME TYPE AS 4400RS., '450 BORE. 
---

1600 FT.-SEa. MUZZLE VELOOITY. 1400 FT.-BEC. MUZZLJ;l VELOOITY. 

Range. Remaining Drop of 
Velocity. Bullet. Range. Remaining 

Velocity. 
Drop of 
Bullet. 

Yards. Ft. per sec. Ft. . In. Yards . Ft. per sec. Ft. In. 
50 1397 0 2'08 50 1306 «5 2-4 

100 1303 0 8'9 100 1222 Q 10'2 
150 1219 1 9'5 150 1147 2 1 
200 1145 3 5 200 1083 311 

\ 250 1081 5 9 250 1034 6 6 
300 1033 8 9 300 996 9 10 
350 995 12 8 350 96a 14 1 
400 961 17 5 400 929 19 3 
450 928 23 2 450 899 25 6 
500 898 2911 500 870 32 10 

Charge: 1 powder to about 4'6 oUead. Charge: 1 powder to about 6 of lead. 
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BULLETS Oll' SAME TYPE AS MARTINI-HENRY, 480GRS., '450 BORE. 

1400 FT -SBO M~ZYLB V8LOClT-:- \ 1360 FT.-SB(' MUZZLB \ 1300 FT -SBO MULZLII 
V KLOOlTY. V ... LOCITY 

---- ( -------
R~;'''' RemaIning I Drop of II RemaInmg Drop of Ram .. lnlng \ Drop ot 

.....,- Velocity Bullet Velocity Bullet. Velo(i1y Bullet 

--1-----1-- --- - ___ 1 __ -

Yard. Ft per sec. Ft. In I Ft per Bec Ft. in. Ft per .eo I 
100 1235 0 10'1 1195 0 10'8 111)3 
200 1103 3 9 1072 4 1 1045 
300 1015 9 7 996 10 2 976 
400 950 18 9 934 19 8 917 
500 894 31 9 879 33 3 864 
600 844 49 3 Hal .')} 7 817 
700 7!19 72 0 787 75 2 775 
BOO 757 100 9 746 104 10 735 
900 718 1:36 3 708 \ 141 6 ()97 

10()0 683 179 3 672 186 0 66] 

,to In. 
o 11'9 
4 4 

10 10 
20 7 
35 0 
54 1 
78 5 

109 2 
147 4 
193 5 

I 
ChQrge. 1 powder to about iJ ~ lead I 1 powder to about 5 Co leau 1'1 powder ~o R~unt 6 l~. 

These tables, as be{orp ob'lerved, repref>ent merely the 
natural drop from gravitation in accordance with the time 
taken by the bullet to traverse each particular range. 'l'his is 
all that can be accounted for aD the tbeoretical side of the 
question. On the practical side, there are other matters 
which the maker of the rIfle must necessarily ~ako into/( 
consideration, or he would produce but a very SOl'1'y 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. Those calculations, however, are not intended to be 
mere theoretical cunos1.ties. It is hoped tbat they may prove 
of Bome practical service to the maker, as well as the use. 
of the rifle, by enabling them to meet this condition of thingil 
.A. comparison of the results actually obtained at the target 
with the a,mount of natural drop shown in the tables, will 
give an idea, wben 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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THE CALCULATION OF TRAJECTORIES. 

The trajectory of a bullet may bo calculated either from the 
amount of its drop in a given distance, or from its muzi/lle 
velocity; and if the latter be known, the former may be 
estimated, and vice vm'8(i-always supposing that the diameter 
and weight, as well as the shape of the projectile, have been 
ascertained. 

1£ a chronograph is available, that, of course, is an authori­
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 sveed with which the "hot leaves the muzzle; iL mer€'ly 
records the amount pf time taken to traverse a given dis-~ 
tance, and shows the mean veloClty for such di9tance. 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 screeu 
placed 20 yards distaut, and we divide the 20 yards, or 60 
teet, by tllis fraction, we ascertain the velocity in feot per 
second. But, inasmuch as the bullet 10&e8 speed in the 20 
yards, from its t'ncounter with the atmosphere, the chrono­
graph record neither f:hows the velocity with which the 
bullet left the gun nor that with which It struck the screen; 
it gives, in fact, the average velocity, and this is eq!livalent 
to the actual speed of the bullet at the mean distance of 
10 yards. Perhaps, however, it would be more strictly COI'­

rect to say that the mean velocity of the full range very 
closely ap:vroximatps to the actual speed at half-range; but 
the divergence from strict accuracy is so small that it may be 
disregarded in short ranges. 1£ the resistance o£ 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 tho velocity either rises much above or falls much 
'below 1100 feet per second, thore 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 purposos, 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 ea.,ily 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 bOme of those, which apply to elon­
gated projectllm, with ogival hoads, are accordmgly quoted in 
the ensuing page'l. It would bo beyond tho scope of thi"! 
book to enter into a d~scriptIOn of the manner in which those 
tables wpre framed. AnyOJJf' wlf"hlllg for partIculars on this 
subject must be reterred to Mr. Bashforth's volumo and sup­
plemont, or to the Government bluo bonks containing his. 
reports to the War Office. The t,\bleb gIven oVur lpaf are 
copied from the "Final Report" mentioned below. The titles 
of these books and reports aro 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 Clas. of Royal Artillery Officers, Woolwich. 
London: Asher & Co , 17, Bedford-street, Covent-garden. 1873. 

" Supplement to a MathematiC'al Tr!'atlse on the Motion of Projectiles." 
By Francis Bashforth, &c. London Asher & Co. 188l. 

"Reports on Experimentil made with the Bashfnrih Chronograph to 
Determine the Resistance of the Air to the Motion of Projectiles." 
1865-1870. London: W. Clowes & Sons, and other booksellers. 

"Filial Report on Experiments made with the Bashforth Chronograph 
to Determme the Resistance of the Air to Elongated Projectiles." 
1878-80. London: W. Clowes & Sons, &c. 



4 t1fmet'al Table of ValUBB of ~!t for Ogi'IJal.kealleil Skot. 
w 

13 
1. 
l~ 

16 
17 
18 

19 
110 
111 

,l!2 
28 
1!4 

116 
26 
117 

118 
119 
ao 
31 
32 
33 

34 
36 
36 

lJ7 
38 
39 

40 
41 
42 

,48 
44 
46 

46 
47 
48 

49 
60 
<II 

62 
118 
M 

116'323 
24'830 
831)68 

1 40'288 
46'640 
62'291 

1 57'851 
61'902 
66'022 

1 69'762 
73'179 
76'314 

1 79'194 
81'865 
84'317 

1 86'604 
88'734 
90'721 

1 92'577 
!l4'~IG 
95'961 

1 97'488 
98'93r. 

2 00'299 

2 01'f>8~ 
02'801 
03'947 

20 "'0299 
6'061if 
7'0276 

20 7'9601 
5'8272 
9'6622 

21 0'4.590 
1'220~ 
1'9487 

21 2-8464 
3'3159 
3'9692 

21 4-G772 
~'1719 
5'741)0 

!: r- 21 ::~i~~ 
57 ,7'0460 

21 ?-SU8 
8'»271 
8'7957 

21 9'2.501 
9'6908 

22 0'1183 

220'6332 
0'9869 
l'll261 

1 

Bees. 
77'111 
92'M2 
05'428 

16'339 
26'706 
33'832 

40'9M 
47'235 
52'822 

57'828 
62'332 
66-412 

70'118 
7a·r.Oli 
76'613 

79'470 
82'110 
84'Mb 

86'824 
88'939 
90'912 

92'756 
94'484 
116'109 

97'637 
99'075 
00'431 

01'710 
02919 
04'068 

0'1349 
tdM)O 
7'1220 

8'0398 
8'912,5 
9'743.5 

0'6:167 
1'2f148 
2'0198 

2'7BG 
3'3814 
4'0221 

4'san 
("2802 
0'8012 

6'3522 
6 P,s34 
7'896~ 

7'~928 
8'3746 
8'8417 

9'2947 
9'7341 
0'1604 

0'5740 
O'97M 
l'8661 

2 8 _4_/1_6 _1~_I,_7 ___ ~ _,I~ Dill, 

7M90 S(Ha7 82'05~ 8~'636 I 85'190 86'715 88'2) 2 89'682 1'1184 
sees. seCB. secs. SOOB. Bees. sees. SeoN. 1008. + 

93'934 9~'8UI 90'644 97'964 99'261 1*00'll3(i *01'7,9 *081)21 -l'QD 
06'691> 07'748 08'888 09'999 I 11'097 12'178 18'243 14'291 1'11'6 

17'340 
26'mO 
34'1)86 

41'618 
47'823 
b~'347 

DR'SOO 
62'708 
66'798 

70'470 
73'828 
76'909 

79'743 
82'36~ 
84'187 

87'042 
89'14:1 
91'102 

92'9R4 
94'6{'1 
96'266 

9j'7R5 
9H'214 
00'562 

0l'8M 
03'0:16 
04'l68 

g;~1 
7'2159 

S'I2nl 
89874 
!Ni~t4 

O'6BO 
1"l687 
2'09U6 

18'326 
27'422 
35331 

42'278 
48'404 
63867 

58'7117 
63'180 
67'181 

70'819 
74']48 
77'203 

80'014 
HZ'614 
86'020 

87'2.>~ 
89'34,> 
91'291 

93'111 
94'817 
96'422 

97'932 
!Hl a.'i:l 
OI)(W~ 

01·!)!j7 
~)~'152 
0l'27H 

5'3432 
63,>2" 
7'3093 

R'217~ 
9'()~19 
9'9050 

O'6~10 
l'H2;l 
2'1611 

2'782~. 2'8501 
3'4466 3'5116 
4'U848 4'1472 

4'6979 
5'2882 
0'81>72 

4'7579 
5'3460 
6'9130 

6'406216'4600 
6'935.5 6'9874 
7'4469 7'4971 

7'9U7 
8'4220 
8'8877 

9'3393 
9'7773 
0'2023 

0'6147 
1-0151 
1'4084 

7'9904 
8'4G92 
8'9334 

9'3837 
9'8204 
U'2441 

0'6552 
1'0544 
1'4416 

19'297 
28'262 
36'066 

42'920 
4897R 
M'381 

"9'229 
63'598 
67'560 

7116;:, 
744% 
77'494 

80'283 
82'R6a 
8G'2lil 

87'474 
H9546 
91'478 

93'287 
lJ4:982 
!J6'577 

98078 
9H'4HO 
00822 

02'080 
03'2ti8 
04'387 

[j'44fl6 
6'41)O,j 
7'4022 

8'3063 
9'WGO 
9'9H5:t 

0'7677 
1'.51aO 
2'2,Jl3 

2'9174 
3'0763 
4'2094 

4'8177 
5'4036 
5'9686 

0'.>136 
7-0»91 
N471 

8'0389 
8'.)]63 
8'9791 

9-4280 
9'8683 
0'2868 

O'6~m 
1'0937 
1'4797 

20'264 
29'091 
36'792 

43'6.19 
49'M6 
M'890 

1l9'686 
64'012 
67'U36 

71-.508 
74'780 

I 
77'783 

8.1-550 
8:1'110 
8"'481 

87688 
~9'74r, 
91'664 

nS'461 
H5'146 
96'731 

98'223 
9V'lin 
OO'\lul 

02'202 
03'383 
04'496 

1)'5494 
()'MAO 

\

7'4947 

8'3942 
f)'24!l7 

• 0'0651 

/ 

08440 
l'b886 

I 23012 
I 
I 

i 
2'9845 
3'6608 
4'2713 

4'8773 
5'4610 
6'0240 

6'0670 
7'0907 
1'6970 

8'0873 
R'5632 
9'0246 

9'4721 
9'9062 
0'3273 

007860 
1'1328 
1'6177 

21')96 
29'90S 
31'608 

44'190 
1\0'107 
Q6'303 

• 
60'138 
64-422 
68'308 

71'848 
n'09~ 
,R'070 

22'124 
80'714 
38'216 

44'813 
M'662 
M'890 

GO'586 
"H28 
"8'676 

72'18r, 
7li'401 
78354 

80'81,5 81'078 
S;J'3,j}i I 83'M}8 
8;' 70~ I 8,'93;' 

~7 900 I 
R')'~43 

lV','49I 
'~'G,14 
9!)'au9 
96'884 

88111 
,lO 140 
fJ~'033 

~1:\'RO(; 
95'471 
97'036 

23'089 
31'609 
38'913 

46'42) 
51'2L 
66'38. 

61'029 
65'230 
69'041 

72'ti19 
76'708 
78'636 

81'3~9 
83'R39 
86'160 

88320 
!Hl':186 
1/2'216 

93'971 
Q,j'G32 
97-187 

28'941 
32'294 
89'602 

46'038 
11'764 
66'869 

61'468 '467 
65'628 -H4 
69'403 '376 

72'860 I '343 
761112 I '816 
781116 '289 

8l'69A I 
84'07:) I 
86'382 

88'.528 
90'529 
92'397 

94-147 
!l!j'792 
97'338 

'267 
'247 
-230 

'214 
'199 
'186 

98'367 
99'76:1 
01'079 

98'610 98'(;52 flS-794 '14. 
99'Rq~ *00'032 '00'166 ! '137 
01'206 (J1333 0l'4W' '12U 

02'323 
03'497 
04'li04 

66517 
fNHfiO 
7'6867 

02'441 
(JohlO 
04711 

0'7034 
67414 
7'G7R~ 

8'4817 8'5687 
93330 V'416!l 

• 0'144(0 /* O'2~,j7 
0'9200 0'9956 
l'6Gla 1'7336 
2'3708 24401 

3'0513 
3'7050 
4'3330 

4'9367 
5'~182 
6'0792 

6'6202 
7'1421 
7'6467 

8'1366 
8'6100 
9'0700 

3'l178 
11'7689 
4'3944 

4'9958 
0'57.52 
6'1342 

6'6732 
7'193:1 
7'6962 

8'1837 
8'6566 
9'1162 

02 56~ 
03'723 
(J4'81A 

l)·fI!j46 
G'8:173 
7-76U3 

0~682 
03'835 
04'924 

'12~ 
'115 
'109 

o'9M' '1028 
6'9327 I 'Ql)70 
7'8599 i '09~6 

8'60>63 M416 I '0879 
!H!l84 9'5806 i '0887 

• O'oO~li * 0',1809 '0799 

1'0709 
l's056 
~.h5U91 

1'I45Q '0763 
l'87n '0730 
2':m9 I '0699 

3'1841 
3'8326 
4'4566 

3'2501 
3'fl960 
4'5165 

5'0047 6'11M 
0'6320 ' 6'fiq~q 
6'1890 a'HaG 

6'7260 
7'2444 
7'7466 

8'2316 
8'7(181 
9'1608 

6'7786 
7'2963 
7'7948 

8'2793 
8'7494 
9'2062 

'0671 
0()646 
-0819 

>O!l96 

~i! 
'Q6311 
'0616 
'049t 

'0488 
11468 
1l4M 

9'6161 
9'9489 
0'3887 

9'1>600 9'6087 9'6473 
9'9914 • 0'0338 • 0'0761 
0'4100 0'4612 0'4922 

1)441 
'0i28 
1l4U 

0'7762 
1'1718 
1-6556 

0'8168 
1'2107 
l'6983 

0-8962 
1'2881 
1'6884 

'9f08 
-oln 
'037t 



::.4. Genera,l Table of Values of : II for Ogival-keailed Shot. 1t, 
tI 

, ... 
10 
11 
It 

13 
14 
16 

l' 
11 
18 

19 
20 
Xl 

'2 
lIS 
24 

16 
211 
21 

28 II 
80 
29

1 
81 
32 
8 8 

3 4 
36 
86 

I ~7 
38 
.l9 

40 
41 
42 

48 
44 
46 

46 
47 
4b 

49 
60 
61 

62 
63 
64 

M 
1S6 
1S7 

1S8 
69 
60 j 
61. 
6t, 

0 

feet. 
]066 
2715 
4220 

6804 
6886 

, 8079 

9198 
10244 
11230 

12166 
13062 
18896 

14701 
16470 
"16206 

1 6912'1 
n90'6 
8243'5 

1 8872'8 
9480'0 

2 0066'0 

2 0688'6 
1182"4 
1718'8 

2 2228'9 
2728'4 
32125 

2 3682'0 

4137"4/ 
4679'2 

2 6006>0 
5424-0 
5821-6 

2 6219'8 
6601':! 
6972'8 

2733.5-1 
7~H"9 
80114"7 

28878'0 
8704:3 
9029'1 

2 9347"8 
9669'6 
9966'3 

3 0261'6 
066~'6 
0854-6 

81140'S 
1423'& 
1701' 

8 1976'5 
2247'3 

till 2614'3 

\ 82117"0 114 
I ". 3031"0 66 

fII (' 8m'S 

1 II -'- 8 ~ fe~t. I te:!. f---l--
teet. feet. I feet, 
1238 1409 1678 "" ! "'" 2B71 8Q26 8180 8388 8484 
4868 4606 4641 4787 4926 

I 

6137 6866 b999 6129 6261 
1009 7132 125:1 737~ I 749:J 
8194 8309 8422 8686 I 8647 

9804 9411 D/;}7 9628 I 9728 
10346 10447 IO,~46 1064.5 1074:1 
11326 11421 Wil6 11610 

I 
11704 

12266 12346 i2436 12l,)25 12614 
13189 13224 18810 13396 13480 
13919 14060 I 1414a 14223 14303 

I 14719 148G7 14936 16013 11i090 
1M45 15620 • 11)694 15768 15842 
1S278 16a60 16421 16492 1(156:3 

6981'2 70.50'0 7118'6 71861 72li4'7 
7ti57'0 772:1'2 77MB'l 7Mr,4'7 7020'1 
830N; 8371'2 8434-7 8498'0 856j·O 

8934'5 8996'0 90.51'2 0118'3 I 9179'1 
9.539 G 9598'9 ~J65R 1 \1717'0 97i5'S 
0124'0 0181'4 0238'0 0290'0 I 0362':1 

I 

0689'31 0744'8 0800'1 OAM'a I 0910'2 
1236'3 1290'0 1343'" 13H6 H I 1450'2 
1766'0 I 18181 18700 1921"7 I 19733 I 

2279'6 I ~,,:lIl'O 2380"4 2430'6 I 2480'6 
2777'[, , 2821i'1 2876'2 2923'8 I 2m23 
3260'1 I a;;07'5 aanel'8 3402'0 :;449'0 

I 
3728'1 !l7742 3820'0 S8G!) 8 I 3(111"4 
4'lR22 422G-H 4271'4 4,111)'7 i 4:J60'0 41122"7 I 4(l!l60 4709'2 4752"3 479[j~ 

I 

g~~~:~ I 
;'002-3 .5!34'2 61760 621H 
fi.iOf) 7 .564ti4 G5HG'9 5627 a 

6867'~ 6906'9 a946"4 6985'8 

I 
GO~fi'j) 

6258-4 629lH) 6335'3 4;873'6 641l-R 
6638'9 (.6764 6713'7 6761'0 (l7H8'2 
7009'4 7041>'0 7()82'4 7118'S I 11050 

I 
7370'8 7406'0 7442"1 7471"6 I 7013'0 
7723'R 7758'7 7793'0 7H28'2 78(;2'8 
806S'9 , 8103'0 8137'0 8170'9 8204'8 

I 
8406'.5 8489'8 8473'1 8hOO'4 I 

R.I39·,1 
8737"1 I 8169'8 8802"4 8835'0 8867 '5 
9061'2 9003'2 9126'2 -9167'1 

i 
9189'0 

9378'R I 9410'3 9441'6 9472'9 9504'2 I 
9690'6 I ~72l"4 9752'2 97A:l'0 :.~m:~ 9996-7 '0027'0 '0057':\ • 0087'" . 
0297"6 I 0327·a 0:,07'0 0386'7 0416'3 
0592'9 0622'2 0651"4 0680'6 0709'7 
0683'S I 0912'1 (9401) 011$9'6 0998'2 

II 
1l6~'2 I llt1'6 1226'0 12M3 1282'5 
Wil'3 1479'S 1501'3 1635'2 I 106:1'0 
l1Z1l'o I 1761"1 1784'6 1812'2 I 1839'0 

2003'7 I 2031'0 2068"1 2085'3 I 2112"4 
2274'2 I 2301'0 2327'8 2354-0 2:l81'3 
2640'8 2667'2 2693'6 2H20'0 2646'S 

, I :~~;: I :~::~ ~Rv.j·7 2881"7 2907'7 
311H 3139'S I 3166'4 

3318'2 I aB4Il'/i 8168'S 8894-1 8419'8 

6 7 8 9 Dur. -- ----------
feet. feet. feet. feet. + 
2074 2236 2397 2M1 168 
8688 8182 8929 4076 161 
6064 6200 ~386 6171 llIt 

6386 6611 6637, 676% 129 
7612 7730 7841 I 7964 1~0 
8768 8868 8972 9061 lU 

9/i,W 9981 10040 J 10142 11M 
10841 10939 11037 I 11134 98 
11797 11890 11982 i 12074 94 

12703 12191 12818 I 129&6 89 
18664 13648 l:17:n i 13814 86 
148M4 14463 14M3 14622 81 

I 
}6167 1,5244 16319 16396 11 
16916 10989 16061 I 16134 a 
16633 16703 16773 1~431 11 

7322-4 7389'8 7457'0 : 7523'9 68'0 
7985'3 8060'2 8114'8 , 817U'S 66'+ 
8628'9 8686-4 8748 8 I 8810'9 63'0 

9239-7 nnOO'l I 9360'3 Il420'3 BO'8 
98343 9892'6 9960'8 • 0008'7 68'7 
040»'0 0466'4 Q,521'7 I 0571"7 ~6'8 

0965'0 1019'S 1074'0 I 1128'3 66'0 
161,';'2 Il>fjG 1 HIOS'8 I 1661'4 6311 
2024"7 2076'0 2127'1 : 21781 61'6 

2530'5 !,\80'2 2629'7 I 2619'1 I 60'0 
:10207 306A'8 :ll16'V 3164"7 48'6 
049,\'!) 3542'/i 3689'2 I :J6Xr.·6 41'0 

81166'9 4002'2 4047-4 
I 

409N 46'8 
44041 4448'1 44!l1'9 4535'7 44'3 
4838'1 4880'8 4923'8 4966'7 42'9 

~20!12 5800'6 5341'9 

:r.l~ j 41'1 
a667'6 m07'8 6747'8 40'4 
6064'2 610:!'3 6142"2 6181'0 89-8 

M49·t) 6487'P 6~26'8 6663'6 38'~ 
6R2,\'S 6A62':! Hb99'3 6986'1 87"2 
7191'2 7227'3 726:1'3 72aU"! 86'8 

76188 I 7548'3 7li83'S 1MB'9 36'4 
7897·:; 71l31'H 7n66'2 ! 8000'5 84'6 
82:18'6 8272'3 S305'9 I 8889'6 88'9 

8572'0 86M'a ~::~~~ I ~m:g 33~ 
8900'0 8932'8 82'5 
9220'8 1lii252·. 9284'21 Wll~'8 8H 

96SH 9566'(, 96!l7'6 9628-7 81'3 
9844-. 9874'\1 H!lOIH 911a5'9 30f 

'0147'8 ' 0177'8 '0207'8 *0231'8 80., 

0445'9 0476'4 0504'91 M34'8 19'$ 
0738'7 0767"1 0796'7 0826'6 '9'1 
1026'8 1065'4 1068'9 1112'+ 28-$ 

13108 1339'0 I 1367"1 1896'2 28'8, 
16DO'!! 161S'7 1646'4 1674'2 27-& 
186N 1894'6 1921'9 111~'2 21'6 

2139'4 2166'4 219a'4 2220'4 21'1 
2407'9 2484"6 2461'2 2461"7 IWr 
2672'6 2698'9 2726-1 2161"8 \16'. 

2933'7 2959'6 2985'4 3011"2 260() 
3191-0 3216'6 3242"0 8261'4 !H 
3444-li 8469'6 8494'7 8618'8 ,IS., 



d 2 
A. General Table of Values of --t fo'l' Ogival.headeil Shot: 

w 

r~II __ 0 __ I __ l_I __ 2_I~C_4_I_li-'-i __ 6_j_7 __ 1--.! __ 1_9_, I DUI, 

f.8. Bees. 8ees. Becs. Bees. Becs. ~8. I soos,/ sees. Flecs. secs. + 
87 221'7009 1'7482 1'78(14 l'817~ l'8MI> 1'8914 I 1'9281 1'9648 2'0014 2'0378 O()888 
88 2'0742 2'1106 2'1466 2'1827 2'2186 I 2'2['41l 2'2902 2'32li9 2'3614 2'3969 003/iS 
e9 lN82'J ~J0467Q 2'/j027 2'6877 2'6727 I 2'6076 2'6424 2'6771 2'7117 2'7462, '0348 

70 22 2'7806 2'8100 2'8492 2'8833 2'9174 I 2'9613 2'98,52 3'0189 81>626 3'0862 'OnR9 
71 3'1l96 3'Ili30 'l'l863 :J'21116 3'2['26 3'2856 3'3185 3'3613 3'8840 3'4167 '0380 
7~ 3'4492 3'4816 3'Iil4O S'5462 3'5764 3'6105 3'64~4 3'6743 I 8'7061 3'7878 '0320 

78 22 8'7694 3'8009 3'8323 3'8636 3'8949 3'9260 3'9571 3'9881 4'0189 4'0497 O()311 
74 4'0804 4'l110 4'1416 4'1720 4'2024 4'2326 4-2628 4'2929 I 4'3230 4'3529 '0802 
76 4'3828 4'4125 4'4422 4'4719 4'5014 4'li3U8 4'5602 4'5895' 4'6187 4'6478 00294 

76 
77 
78 

79 
80 
81 

82 
83 
84 

85 
86 
87 

88 
89 
9Q 

1)1 
92 
93 

94 
95 
96 

I 
117 ' 
98 
93 

100 
101 
102 

103 
104 
105 

106 
107 
108 

109 
110 
111 

112 
1I~ 
114 

1I~ 
116 I 

1171 

118 
119 
120 

121 
122 
1'8 

22 4'6769 4'7058 
4'9624 4'9906 
0'2894 0'2666 

22 /i'D079 
0'768. 
6'0214 

22 6'2669 
6'/i044 
6'7337 

22 6'9",,1 
7'1688 
7'3752 

22 7-5746 
7'7(;77 
7'91i44 

22 8'1346 
g'3(mU 
8'4778 

22 8'6411 
8'7994 
8'9528 

22 9']014 
9'24"4 
D 3Rfil 

22 %207 
9·t).122 
9'77H6 

22 9'9024 

23 g:~m I 

23 0'217(1 I 
O'aO:ll I 
0'3836 

28 g:~i~ I 

0'6004 ! 
23 0'6668 ' 

0'7311 I 
0'7936 i 

23 ()ORS4-; 

g:~g~ I 

23 1'0283 I 
r~~:~ I 

23 Jol889 I 
1-2899 I 
1'2896 I 

["034.3 
0'7941 
6'0463 

6'2910 
6'5277 
6'7562 

69768 
7'18!J8 
7':lD54 

7'0942 
7'7fHiG 
7'9727 

H'lfi2:3 
tl32fi1 
8'494:) 

R'6572 
S'81,jil 
8'9678 

9']]60 
9'2;'96 
93H8!} 

95340 
!hifi51 
9'7921 

9'9144 
o 02Hl 
01325 

0'2259 
O':J114 
O'3U13 

0'4667 
O',5~~1 
O'SVll 

0'6733 
0'7374 
0'7997 

O'R60,5 
0'['200 
0'9777 

1'0338 
l'OR86 
1'1420 

1'1941 
1'2449 
1'2945 

,H347 
.5'()JR5 
0'2937 

l)'.5606 
0'8197 
6'0711 

6'31n 
6'55u9 
6'7786 

(;'9984 
7'2107 
7'41i'6 

7'6137 
7'R055 
7'99U9 

8'1699 
8'3432 
8'5109 

8'6732 
RR:Wf; 
8'9828 

9'1:106 
H 27!{7 
9'4126 

9'r,473 
~H37!'-!O 

9'8046 

4-763,5 
1)'0464-
6'3208 

0':;869 
!h~452 

6'0959 

6'SanO 
6-5740 
6'8009 

7'0200 
7'2315 
7'4357 

Han 
7'8244 
8'0091 

8'1875 
S'36(l2 
8'5273 

8'6892 
8'84,,9 
S't'978 

~'141i1 
9'2S7R 
9'4262 

9'rJ606 
9'6fl08 
9'8170 

9'9262 I "'9~80 
(I'03il6 0'0504 
0'142.3 0'1,,20 

0'2347 0'2435 
(1'31 ill\. 0'3278 
O'399(J' 0'4067 

0'4740 
o :it!),l 
061.9 

0'6798 
0'74:17 
0'8059 

0'8665 
0'9259 
0'9833 

1'0394 
]'0940 
1'1473 

1'1992 
1'2499 
1'2994 

0'4813 
Ol)l)24 
0'6206 

O'686:l 
0'7500 
0'8120 

0'8726 
0'9317 
0'9890 

1'0449 
1'0994 
1'1.526 

1-2043 
1'2549 
1'8043 

4'7922 
fi'i.712 
0'3478 

5'6130 
Jj H706 
G'1205 

6'8629 
() ;'971 
6'8232 

7'0411i 
7'25'22 
7'45{'8 

7·G.~26 

7'M'll 
8'0272 

R'21)50 
8 :)772 
85437 

8'70.51 
88613 
9'0128 

9']!)9!; 
9:11118 
9'43il8 

0-5738 
9'70a6 
9'8294 

9'949B 
0'0610 
0'1610 

4'8208 
5'1020 
l)'3747 

v'6391 
fj'8Hfj9 
6'1451 

G'~867 
6'G201 
6'8454 

7'0629 
7'2n~ 
7'47[,7 

7'6719 
7'H61>l 
~'04b2 

8'2225 
8':1941 
H'JbOl 

8'7209 
tN~7H7 
1)'0276 

9'1740 
!j'31.'i8 
9'4:;34 

9'5869 
9'711>4 
U,8417 

ll'Hfil2 
O'071G 
0'1710 

0'2"22 0'2609 

~:!~~:; I 2:~~i~ 
0'4885 
O'5:,n:~ 
0'6272 

0'6928 
O'7Mi:i 
0'8181 

O'~7117 
0'9375 
0'9947 

1'01104 
1'1048 
1'1578 

1'2095 
1'2599 
l'3091 

0'4958 
O'/iGf,2 
0'6339 

0'6992 
0'7625 
0'8242 

0'8847 
0'9433 
1'0003 

1'0559 
1'1101 
1'1630 

1'2146 
1'2649 
1'3140 

4'8.3 
0'1296 
0'4015 

[j'66/)2 
59212 
6'1696 

6'4104 
(l'fi430 
6'8675 

7'0842 
7'2l,35 
7'49clG 

7'6m2 
7'~RO(, 

8'06~2 

8'239~ 
8'41\19 
8'.1)764 

H'n67 
8'8920 
9'042.5 

("1884 
9'3298 
9'4670 

9'6001 
1j'72!H 
9'8640 

9'9727 
0'0820 
0'1804 

0'2694 
O';)!)20 
(l'4296 

0'5030 
O·m3J 
0'640;' 

0'70,,6 
0'7688 
O'8:JO~ 

0'8906 
0'9490 
l'006~ 

1'0614 
1'1154 
1'1682 

1'2196 
1'2698 
1'3188 

4'8777 
6'1672 
H282 

0'6\,11 
lj'94G:1 
6'1941 I 
6'4340 ' 
6'6658 
6'8895 I 
7'l05li I 

7'3140 I 
7'5166 I 
7'7104 
7'8991 , 

8'0812
1 

R'2m3 I 

8'4277 i 
8'5927 

R'7f>25 
H'90n 
9'0573 

1)'2027 
9'3487 
9'4805 

%1~2 
9'7418 
9'8662 

9'9841 
0'0920 
0'1897 

0'2780 
0';),599 
0'4370 

"9060 
0'1847 
0'4049 

"'7170 
~'9714 
6'2184 

6'4576 
6'(;8R6 
6'91H 

7'l267 
7'3345 
7'6363 

7'7295 
7'9176 
8'0990 

8'2746 
8'4445 
8'6089 

8'7682 
8'922.) 
9'0720 

9'2170 
9'3f)7!) 
9'4939 

0'6262 
H'7fi44 
0'8783 

4'9343 
.;'2121 
5-4814 

0'7428 
5'0965 
6'2427 

6'4810 I 
~:~m I 
7'l478 I 
7':J649 
7'551)0 

7'7486 
7'9:160 
8'1168 

8'2918 
8'4611 
8'6250 

8'7838 
8'9376 
0'0867 

9'2312 
9'3713 
9'6073 

9'6392 
9'7670 
9'8904 

9'99H • 0'0066 
0'1025 0'1126 
0'1988 0'2079 

0'2864 
O'3{iiR 
0'4445 

0'2948 
0'3757 
0'4519 

0'0101 0'5172 
0[,800 0'5868 
0'6471 !J'GoS7 

0'5243 
0,693£ 
0'6603 

MI20 
0'7750 
0'8364 

0'8965 
O'9M8 
10116 

1'0669 
l'l208 
1'1734 

1'2247 
1'2748 
1'3237 

0'7184 
(l'7H12 
O'~424 

0'9024 
0'0605 
1'0171 

1'0723 
l'12~1 
1'1786 

1'2298 
1'2797 
1'3286 

0'7248 
0'7874 
0'8484 

0'9083 
0'9663 
1'0227 

1'0778 
1'l314 
1'1838 

1'2848 
1'2847 
1'8388 

'0286 
'0277 
'0268 

'0261 
'0253 
'0246 

'0287 
'0229 
'0221 

'0214 
'0206 
0199 

'0193 
'0187 
'OlelJ. 

'0174 
'0169 
'0163 

'0158 
'01&3 
'U149 

'0144 
'0140 
'0136 

'0132 
'0127 
'0123 

'0115 
'0105 
'0094 

'0086 
'0080 
'0076 



"I.s. 
67 
68 
69 

70 
71 
72 

"'18 
'14 
"'16 

76 
''/7 
'/8 

'19 
80 
81 

82 
88 
84 

:i 
B1 

SP 
&9 
00 

til 
92 
93 

tl4 
9;; 
W 

97 
98 
99 

100 
101 
lQ2 

103 
104 
lOr., 

10l; 
107 
108 

109 
110 
III 

112 
113 
114 

IU 
116 
117 

118 
119 
120 

121 
122 
J.23 

.it GeneraZ TahZe oj Values oj ~28 jot' Ogi'fJal-hcaded Shot. 15~ 

__ 0 _1_1_1 2 _3_1_4_' 5 6 7 

feat. '''''t. ~ feet. feet. f""t. toot. teet. 

8 9 Dilr. 

8 :~~:~ :~:'g 1 :~:~:: ~m:~ :~M:~ ;~~~.~ i~~:~ :~~~:~ 
toot. 

3743'9 
8989'6 
4232'2 

teet. + 
3768'6 24'S 
4014'0 ~"6 

4038-4 4062'7 4057'0 4111'3 4135'6 4159'8 4184"0 4208'1 4256'8 , .. , 

3 4280"4 
4619'3 
4754'7 

8 4986'6 
6215"1 
6440'2 

3 5662-1 
6880-4 
6094'S 

3 6306"/; 
6012'6 
6716'1 

8 6916'0 
nIl'7 
7303'1 

3 7490'0 
7672"4 
7850'6 

3 P024'S 
8]!'5'0 
Sa61'6 

3 8,524'3 
-8(\8;J'0 
88394 

3 8991'9 
9HI! 
O~'7'4 

3 9430'6 
9('70'8 
n08'3 

3 9842"9 
997tJ·O 

40104'3 

4 0230'1 
O~49'4 
0459'2 

4 0558'7 
06505 
07868 

40R19'0 
jJS97'9 
0974'2 

4 1048'2 
1120'5 
1191'4 

41261"0 
1329'0 
1396'S 

4 J462'9 
1628'0 
1691'9 

4 16.S4·8 
1716'7 
1777"6 

4304"D 
4543'0 
4777'9 

6009'6 
6237"7 
0462'6 

568H 
6902'0 
6116'1 

6326'4 
6533'1 
6736'3 

6935'7 
7l:n·o 
7322'0 

7liO~'5 
76HOl) 
1868'2 

8042'0 
82U'9 
8877'9 

8540-4 
8699'3 
881;4'8 

9007'0 
mll6'O 
9301'9 

9444-7 
~)JJR4'1 
97219 

4328'0 
4566'6 
4801'3 

5032'6 
6260'3 
5484'8 

6706'0 
6923'6 
6137'3 

6347") 
6553·6 
67b6"4 

695[;"5 
7150 :l 
7340'S 

7li2G1) 
7708'4 
7886'8 

80bQ'2 
82286 
83943 

Ali56'4 
87H,O 
88702 

9022'0 
lIl71! 7 
9316';) 

94589 
!UiHS'o 
U731j -1 

4n52"4j4376'4 
4590 2 4613'8 
4824'6 4847'9 

4400'3 
4631'4 
487l"l 

liOlili'o 
6282'9 
1>507-1 

11728'0 
5946"1 
6158'4 

6SSS'0 
61,74'0 
6776'v 

69751 
716% 
7359-6 

'7046'3 
77264 
7903'3 

~07f)';l 
824.1"4 
SU07 

R572"4 
Rn07 
8885'5 

9037'0 
9185'4 
9330'7 

9473'0 
9fll24 
9749'0 

507R4 
f)30fj'.') 
61;29'3 

5749'9 
696(;'6 
617% 

63RR'8 
6594"4 
(J7961l 

6994 R 
7188'8 
7378'4 

5101'8 
5:12~'() 

5561-5 

fi771'7 
6U8B-1 
6200'7 

6409'0 
6614'8 
6b16-1i 

701404 
7~07'9 
739i-l 

71163'6 7'>818 

7744 217762 0 
79~0'8 7938'~ 

R09H RUO'4 
82621 82i~ 7 
8427'0 8448 3 

8588'4 
8741; 3 
89008 

90.')2'9 
!JZO(l'I 
9341;-0 

9487"0 
9821,1 
11762,1 

8604'3 
H761 !/ 
8'116'1 

90(j6'9 
~l~]4 7 
!)8,jl} 4 

900n 
q(j39 !j 
9775'~ 

4424"1 
4(;60'9 
4894'2 

51241 
63.105 
b573'7 

5793'5 
600U'5 
M2l"7 

6430'2 
6635'1 
f0836'0 

7033'9 
7227"1 
7416'S 

7600'() 
777H'O 
7961)'6 

8127-4 
8295'4 
84b9'6 

86203 
87770 
8931'3 

9081-9 
92t9'a 
93737 

95151 
96li3'6 
U7A9"4 

4448'0 
4684"4 
4917"4 

L14r.·9 
6~7:l'O 
M911'S 

6815'3 
6030'9 
6242'7 

64.10·S 
66M'4 
68b6'4 

7063-4 
7246'1 
7434"4 

7618'2 
7797'6 
11178'0 

S144"4 
8312'0 
84708 

8636'1 
8793'0 
8946'0 

9096'7 
924:j'9 
9387'9 

9529'1 
9667 a 
9802'8 

4471'8 
4707"8 
4940'6 

5169'6 
6396"4 I 
661"19 i 
5837'0 I 
6052'2 
6263'7 

6471"4 
/l67~'7 
6876'3 

7072'9 
7266'2 
7463'0 

iG86'g 
7815'4 
1~VO'8 

SlfH'3 
83~8'6 
8492'0 

8652'0 
8808'0 
8961-7 

9111'6 
1J25R'4 
9402'2 

449MI-
4731'3 
496~"6 

6i92"4 
Ml7'S 
5640'0 

58,5S'7 
6073'6 
6284'6 

6492'0 
6blll.i·9 
6896'1 

7092'8 
7284'1 
7471'.5 

7654"4 
7833'0 
8007'6 

817S'2 
8310'0 
8608'2 

8667'81 
8824'0 
8976'8 

!II2r.-4 
V272'}I 
!/4W'4 

9643'0 
9681'0 
9816'2 

9"670(1 
VtJ94'l.: 
98~m·fj 

98"6'3 98696 9882'9 9SQ6'1 1190n 9922'5 911a,1'7 99488 9961'9 
9i1k81 '00011 '0014'1 *0027"1 I· 0040 () '0(}52(1 '0066'8 '00781 -(Joql'o 
01171 0129'8 014:15 0165'2 01~1'8 0180-4 0192'9 020:;'4 0217'S 

02424 
03(;0 R 
04(;9'0 

0827"1 
0905'7 
0981'6 

10~5'6 
1127'6 
1198-4 

1267"9 
1311<l'8 
1403'5 

025!-6 
03722 
0479'9 

OA3f;'O 
(1913'4 
O~8H'1 

1Q62'S 
1134'~ 
1205'4 

1274'8/ 
1343'1 
1410'1 

1469'5 1416'0 
1634"4 1640'9 
159S'8 1604'6 

1661'1 11667'3 
1722'8 1728'9 
1783'6 1789'S 

0266'S 
flaR:N 
0490'0 

OL86'9 
0676'9 
076]'0 

0843'0 
0921"1 
0996'6 

1070'0 
1141'9 
1212'4 

12817 
1349'k 
1416'S 

1482'6 
1M7'3 
l610'9 

0278'S 
OW.4·fi 
0500'1 

0596'2 
0680'6 
0770'2 

ORW9 
0928'7 
1004'~ 

1077'3 
1149'0 
121 .. 4 

1288'6 
1a56'6 
1423"4 

1489-1 
11>53'7 
1617'2 

1673" 1679'1 
1r35'0 1741"l 
1196'6 I 1801"6 

., 

0290'8 
(140(,'6 

I 0:;10'1 

06054 
0694'2 
0778'4 

08689 
0936'4 
lOIN 

1084'6 
Uon'l 
12'J6"4 

1295'4 
1363':; 
1430'0 

1495"6 
1660'1 

1

1623'0 

1685'9 
1747'2 
1807'6 

0302'7 0314"~ 
041611 0427'3 
0620'0 0629'8 

0614'v 0628'6 
0702'8 4l71H 
0186'6 0794'8 

0866-7 
0944'0 
1018'8 

1091-7 
11632 
1233'3 

1302'3 
1370'0 
1436'6 

160lH 
1MO'1i 
1629'S 

0874'6 
09['1'0 
1026'2 

1099'0 
1170'2 
1240'3 

1309'1 
1;;76'7 
1443'2 

160INI 
1m2'9 
1636'1 

0326'2 
043H': 
06<J0'6 

0632'6 
0719'9 
OS02'0 

0882"4 
O!J[;f)'l 
1033'6 

1106'1 
1177'3 
1247"2 

1815'9 
11183'4 
1449-8 

1Im'1 
1679'2 
1642'3 

1692·J 
1763'8 
1818'6 

1698'2 1704"4 
1769'4 1766'4 
1819'6 , 1826'6 

03;;7'8 
0448'7 
064U 2 

0641-6 
0728'4 
0811'0 

0890'2 
0966'6 
1040'0 

1113'3 
1184'4 
1254'1 

1322'7 
1390'1 
1456'4 

1621"6 
1686'6 
1648'6 

1110'0 
1711"6 
1831"<'1 

23'9 
28'6 
28'~ 

22-8 
2~'.'1 
22'2 

21'8 
21"6 
2.1 

20'7 
20'4 
200fl 

19"6 
19'1 
lS'7 

18-2 
17-8 
IN 

17'0 
16-6 
16'8 

U'9 
15'6 
16'3 

16'0 
14'6 
14'3 

14'0 
18'7 
18'S 

18'2 
12'9 
12'6 

11"9 
11"0 

0'9 

9'2 
ij-6 
S'2 

7"9 
711 
7·' 
1'2 
1'l 
61/ 

6'8 
6-1 
6'6 

11'/; 
6'4 
6'S 

6" 
6'] 
6'0, 



~ .& General Table of Value, 0/:' t for OgifJal-'headed Shot. 

tI 0 1 9 a 4 _.s_I~_ --!-J 8 9 Dl,. - --- --- - - - --f.1I. BellS. IOCS, 1!008, 800S. sees. lees. sees. secs. Bees. .00 .. + 1,. 93 1'3881 1-3429 1'3477 l'3~24 1-3972 1'3619 1'3667 l'8714 !-l1761 lIll808 -0047 
1116 1-88lili' 1-3902 1'8948 l'3995 l'4041 1'4088 1'4134 1'4180 1'4226 1/4272 -Q04B 
U6 1'4318 11'4364 

1-4410 1.4456 1'4501 1'4546 1'4691 1-4636 1'4681 14726 -0041> 

111 28 1'4771 1'4816 1-4860 1'4905 1'4949 1'4993 HOaS 1':;082 1-6126 1'6170 -0044 
U8 l'5214 1'52,57 1'6301 1-9845 l'588M l'5431 1-5476 1-M18 1-5561 l'5604 -004; 
UII 1'6647 1'6690 l'6732 1'6775 1'5818 1'5860 1-5902 1-5945 1-5987 1-61)29 -0041'--

180 23 1-8871 1-6113 1'6156 1-61g6 1'6238 1'6280 1'6321 1-6362 1-6404 1-6446 -0042 
181 1-6486 l'6527 1'6668 1'6609 1'6650 1-6690 1'6731 I-t;772 1-6812 1-6852 -0041 
IW 1-6893 l'6933 1-6973 1'7013 1'7063 1'7093 1-7133 1'7173 I-7212 1r7262 -Ol!'() 

j 

188 98 1-7291 1'7881 1'7370 1-7410 1'7449 1'7488 1'7[)27 1-7566 1-7605 1'7844 -0089 
13' 1'76~2 11721 1'7760 1-7798 1'7837 l'7876 HUla l'7952 1'7990 1'8028 -ooas 
186 1'8066 I-81M 1'8142 18179 1'8217 1'8255 1'8292 1'8380 1-8367 1'8406 -0088 

186 23 1-8442 1-8479 1-8617 1'8564 1-8,591 1-8628 1'8665 1'8702 1'8738 1-8776! -0087 
181 1-8812 HlS48 1-8881) 1-8921 1-89r,8 1'8994 1-90~0 1-9067 I-910a 1-9189 -0086 
188 1'9176 l-9211 1-9247 1-9282 1-931~ l'9354 1-9390 l-U42. 1-9461 1'9496 -oo~ 

189 23 l'9Ji32 1-91)67 1-9602 1'9688 1-9673 1'1)708 1-9743 19778 I-~813 l'9fk8 -0091> 
140 1-9888 1'9918 1'9952 1-9987 2-0022 2'0056 2'0091 20125 2-01~0 2-0194 -0086 
1'1 2-0228 2-0261 2'0297 2'0331 2-0366 2'0399 2'OM3 2'0467 2-0501 2-0.85 -0084 

142 23 2-0569 2-0602 2-0636 2'0670 20703 2-0737 2'0770 2'0804 2-0837 ~:~~b~ I 
O()034 

143 2'0904 2-0937 2-0970 2'1003 2'1036 2-1069 2'1102 2'l1:J.'i Z'll6S -0098 
144 2-1234 2-1267 2-1299 2-1332 2-1364 2-1397 2-1430 !'l462 2-J4~4 2'1627 I -DOllS 

" 145 II 23 2-1.%9 2-1591 2'1624 2'165r. 2-1688 2-1720 2'1752 2'1784 2-1816 2'1848 0082 
146 2-1880 2-1912 2'1944 2'1970 22007 2-20a9 2'2071 2'2102 2'2134 2-2165 'fI2 147 • 2-2197 2-2228 2'2260 2-2291 2-2322 2'2354 2238;' 22416 2-2447 2-2478 - 1 

]48 28 2'2509 2'2540 2-21i71 2'2602 22633 2-2664 2'269,5 2'2726 2'2757 2'2787 -0081 
149 22818 2'2849 2-2879 2'2910 2'2940 2'2971 2-3001 2'3032 2 ~)OG2 2'3093 -00111) 
160 2'3123 2'3168 2-318:3 2-3214 2'~144 2-3274 2-3J04 2-J334 2-8364 2-3394 -OO3Q 

151 23 2'3424 23454 2'3484 2-3514 2'3;'40 2-3_573 23603 23633 2-3662 2-3692 -ooat} 
162 2'8722 2'37iiI 2-8781 2'3810 2'3R40 2·aRfi9 lNl899 ~N1928 2-S9J;8 2-3987 'W29 
163 2'4016 2'4046 2'4075 2'4104 24133 2'4162 2'4192 2'01221 2'4200 2'4279 -002' 

154 23 2'4308 2-4337 2'4366 2'439_5 2'4424 2-44-53 24481 2'4010 2'4539 2'4568 -0029 
11i1J ~-4n97 2-4625 2'4604 2'4683 2'4711 2-4740 2'4768 N797 2'4826 2'4854 -0029 
l64 2'4882 2-4911 24939 2'4967 2-4996 2-5024 2'0%2 2-6080 2'0108 2'5137 -0028 

IG7 23 ~N165 2-(,193 2-6221 2-1}249 2-[,277 2-5300 2-r,R3~ 21)361 2-5g89 2'5416 -0028 
IllS 25444 26472 2-G600 2-6528 2'5555 2"5fi8a 2-6611 2'~(;38 2'f)tl66 2-6693 -0028 
16\1 2'6721 2'0746 2',>1 i6 2'6803 2'5831 2'.581)8 2',j88f.i 26913 2-5940 26967 -0027 

180 23 21)994 2'6022 2'6049 2-6076 2-6103 2'6130 2-6167 2'61R4 %211 2-62R8 '0027 
161 2'6265 2'f)2CJ2 2'6:119 2'6346 26373 '2'(;400 2'6426 2'64r,~ 2'6480 2'6506 -0027 
162 2-6533 2'6560 2-6,586 2-6613 2-6640 2-661>6 2-6693 ~-6719 2'6746 2-6772 oQ026 

loa 23 2-6798 2-r.A25 2-68,51 2'6877 2-6903 2'6930 2-6966 2-6982 2'7008 2'7084 -0026 
164 2'7061 2'7087 2'711a 27139 2-7165 2-7ln 21217 2'724:~ 2'7268 2-7294 -0026 
16G I 2-7320 21846 2-7872 2'7398 2'7428 2-7449 2'7475 2-;500 2'7626 2-7M2 oQ026 

166 23 2-7577 2-7603 2-7628 2-7654 2'7679 2-7705 2'7730 2-77M 2-7781 2-7808 -0021> 
167 I 2-7832 2'7857 2'7M82 21908 2'7933 2-7958 2-7983 2-8008 2'8034 2'8059 1)026 
168 2'8084 2-8109 2'8134 2-8159 2'8184 n209 2-823~ 2-8268 2-8283 2-8~ -0026 

1691 28 2'8333 2'8358 2-8383 2-8407 2-8~32 2-84"7 2'8481 2'8L06 2'8(,31 2-8SL5 -002/0 
170" 2-8580 2'8604 2'8629 2'86:;3 2'S678 2'8702 2-8726 2'8751 "1-8776 2-8799 'U024 
171 28824 2-8848 2'8872 2'8896 2'8921 2-894~ 2-8969 2'8993 2'9017 2'9041 -0024 

17l' 28 2-9085 2-9089 2-9113 2-9187 2'~161 2-918.5 2'9209 l!9213 2-9257 2-9281 -0024 
173 2-9304 2'9328 2-93~2 2-9376 2'9399 2-1J423 2'U447 j 2'9470 2-9494 2'9618 '002' 
174 2-9.41 2-9665 2-9688 2-9612 2-963. 2'9659 2-9682 2'9700 2-9729 2-9762 -0023 

173 23 2'9776 2-9799 2'9822 2-9845 2-9869 2-9892 2-9916 2'9988 2'9961 2-9983 -0028 
17& 3-0008 3-0031 3-0064 3-0017 3-0100 3-012a 3-0146 3-0169 8-0192 8-0'115 -0028 
ll7 3'0237 3-0260 3'0283 8'0906 3-0329 a'OWI 3-0874 3-0897 3-0420 8-0442 -0023 

178 23 3-o4f':; 8-0488 8-0610 3-0633 3'05M I 3-0578 3-0600 3-0823 3-0045 3-0868 O()O93 
179 8-0690 S-0713 3-0735 8-0757 3'0780 3'0802 3-0824 3'0847 S-0869 8-0891 .. 'Om 
180 8-0913 3'0936 3-0958 8'0980 3'1002 I 3-1024 I 3-104[; lH068 3-1090 3-l11l1 'OOlI2 



A GeneraZ Table of VaZue8 of G -, Jor OgivaZ-headed Skot. w , 161 

" 0 1 2 8 4 6 6 7 8 9 No - , --------- -- --- --- --- --- --r.s. teel teet. feet. feet. feet. foot. feel feel feet. feet. + 
IH , J887'D 18411'4 1Ri1N 18b1i·a 1861,2 lR67'l 1873'0 1878'9 ] 884'8 1880'6 611 
US lS96 '~ 1902'3 1908'2 l~H'O HH9'S IH2.'i'6 19!1l'6 1937'S 1943'0 ID4!l'S 611 
128 1904'6 19604 19G6'1 1971'9 1977'6 1983'3 1989'0 HlD4'g 200o-~ 2000'2 6"1 

121 4 2011'8 2011'6 2023'2 ~O2~'9 2034'6 2040'2 204!i'8 20~1'4 2Q67'0 2062'7 6"8 
US 2008'3 20i:NI 2079'5 20Bli'O 2090'0 20l16'2 2101'8 2107';) 2112'9 '118'4 S'8 
129 2128'9 2129'4 2135'0 2140'6 2146'0 2161'0 211)7'0 2162'4 2167'9 2178'4 6'& 

180 4 2178'8 2184'~ 2189'7 2196'1 2200'1; 2206'0 2~11'4 2216'8 2222'2 j 222711 6" 
131 2233'0 22HS'4 2243'7 2249-1 22r,H 22f;n'R 2261\'1 2270'S 22i6'R 2'J81'1 6'~ 

182 2286'4 2291'8 2297'l 230N 2307'6 2:JlZ'9 2:H8'2 2328'6 2828'7 28~4'O 6'3 
\ 

181 4 2'J.39'2 2344'5 2349'7 23M1> 2300'2 2365'4 2970'6 2::l7fj'R 2AAI 'O 28l16'2 ~., 

184 23l1H 2:390'(; 240l'R 2400'9 241n 2417'3 2422'4 24~7'6 241~H 2437'8 6'2 
136 2~3'O 2448'1 24~a'2 2458'3 24(;8'4 24GS'li 247:1'6 2471!'7 241l.~'8 2411811 6-1 

136 4 249311 24990{) 2504'1 261llH 2M4'2 21H9'2 2524'3 26~'9 3 21l34'SI 26a9'4 6-0 
137 2644'4 2:149·4 2,5[,44 '2.'j60 4 2~r.N 2569'4 2574'4 2,H9'4 2~"4'a 2~1!9'3 6'0 
138 2594'3 26992 2604'2 ~bO\)'l 2614'1 21il9'O 26241) 2628'9 2r,03 '81 2638'8 ''9 
189 4 2643'7 264R'6 2nJi.'l·~ 2668',! 2663 '3 26GR'2 267~'l 2678'0 2r.l!2'9 2687'8 411 
140 26H2'" 2697'[' 270N 2707-2 2712'1 ~717'O 2721'H 2721i'7 27a1'5 2736'S ... 
141 2741'2 2746'0 2750'8 27M'7 2760'6 2106''1 2770'1 2774'9 2779'7 2784'6 "8 
142 4 2789'3 2794'1 2798'9 2803'7 280R'~ 28U'2 2/llg,O 2822'8 2827'6 21!32'8 411 
143 28m'] 2f1!l'Il 2M6'6 2Rbl'i1 28~f>'() 281m'8 286.\'6 2870'2 21J7.5'O 2879'7 4"1 
144 2884'4 28b91 2893'8 28U~'6 2903'3 2908'0 29]2'1 2917'4 2D2H 2926'1 "7 

145 4 2931'4 29361 2Q40'H 2940'S 29~O'l 2954'R 29[,9'0 2964'1 2968'8 2973'.'1 41' 
146 ~978'l 21lS2'R 2HH7 '..j 29U2'l 2llUO'7 :)001 ':J aQOc,'o 3010'6 ~OJr.'2 SOl9'9 4"8 
147 8024'1) 8029'1 aDa:i 7 ;;038-4 3048'0 8047'0 30,',2'2 3066'8 306l'4 3066'0 4-6 

148 4 3070'6 3075'2 a079'~ :108404 3OR9'O 30Q:-h'i 3OOA'Y 3102'7 :1107'8 31U'R H 
149 3116'4, 31210 3126 G 3130'1 3l!J4'7 3139'2 S!4:J'R 31<!li'3 31.'i2'9 3 1~H '"8 
lW 3162'0 8166 '6 3171'0 3176'6 8180'1 31H4'fo 31R9'2 31D!!'7 3\98'2 320'n 4'6 

161 4 3207'2 321H 8:l1f,';j a:!20'H 322fJ3 a22HR 32M a 32aRR :lU:I'3 3247'R 4'6 
162 3252'3 !i2S~ R 326 1'3 326MI 3270':; 32701'8 32;9'8 3:lH3'R 328H'3 32~211 4 '6 
153 3297'2- 330H 3:-U)62 3;nO'6 331H 3319'6 3324'l 3328'5 :~j33'O 3337'6 4'6 

lU 4 3342'0 33464 3:11)O'Q 3360-3 3lI6!l'R ~a64 ~ 336R'7 837H'2 :1177'6 3882'l "Il 166 3386'0 saUl'I' a390'4 33!1H'9 340i'a 3408'7 3413'2 n4176 84221) 3426'5 ' 4'4t 
166 3430'9 34;j[,'3 3439'8 34442 a448'u U{;)'I1) 3457'4 3461'9 :JiG63 3470-7 .'. 
1~7 4 347H 347~Hj 34R3'9 ~48R'a 34Q2'7 3497'l 3001'0 aToOr.,q 3510'3 M 14"1 "4 
168 3619'1 3523':) ar.21'H !Jo:l2'3 3:;~(j'7 aMI'1 :1645'4 a:;49'S ~ot1'1 ~MB'6 .,' 
169 3663'0 3567':l 357l'7 3576-1 3680-4 3684'8 :158!l'l 3li93'6 3GV7'9 3002'Z 4" 

160 4 3G06'G 3610'9 3C16'3 3G19'6 8624'0 :1628'3 3(l32'r, ~6;17 'O 3641 '3 364H "8 
161 :1660'0 36M'S 3658'7 3(;6~'O 3667'3 aGn 'G 367(;'0 ;l6803 3084'6 8688'9 4'3 
162 a693'3 3G97'6 3701'9 3706'1 3710'0 3714'8 37H)'1 9723'4 3727'7 3782'0 4,.3 

163 4 3736'R 3740'r. 3744'9 974!l'2 3763'(, :37(,7'8 3762'1 3766'4 3770'6 3774'9 -"8 
164 3179'2 3783'0 3787'8 3792'0 3796'3 380M; 3804'9 38cm'l 381H 3111711 .'8 
166 3821'9< aIl2J;'2/3830'4 aIl3H 38:18'9 3813'2 3847'1 3851'7 3866'9 3860'2 4'8 

166 43864'4 3868'/ 3872'9 31177'2 3!<Al '{ 3SQ6'6 3889'9 3H94'l 38!ll1'8 3902'~ ~ 
167 3906'8 3911'O 8916'2 3919-6 39'la'7 a92i 'D 3932'1 3936'3 ;1940'6 39441' ,., 
168 3949'0 3953'2 8967'4 386l'6 89t;li'8 397()-0 3974'2 397K'4 39H2'6 8988'7 . ., 
169 48990'9 3~5'l 3999'3 '1003'5 4007'7 4011 '9 4016'0 4020'2 4024'4 4028'6 ,., 
170 4032'7 4036'9 4041'1 4045'2 404~'4 40~3'O 4067'7 4061'9 406611 4070'2 H 
111 407<i'3 4078'0 4082'6 4086'8 4090'9 4090'1 4699'2 4103'8 4101'6 4111'6 "1 

179 44115'1 4119'9 41241> 4J28'l 41323 4136-4 4140'5 4114'6 4J48 '7 4162'9 4'1 
173 4167'0 41&1'1 4165'2 4189'8 4173'4 4177'5 4181'6 4186'7 4189'8 '419311 4o'l 
114 4198'0 4202'1 42062 4210'3 4214'4 4218'6 4222'0 4226'7 4230'8 .28411 H 

116 i 4288'9' 4243'0 4247'} 4291'2 42M'S 4269'8 4268'4 4267'.'1 4271'6 427611 H 
17e 4279'6 428~'7 4287'1~ 4291 '8 4296 '9 4300'0 4804'0 4808'0 4312'1 4316'1 H 
171 4820'2 432H 4328'3 4332'8 4836'4 4840'4 4844'4 4348'6 4852'6 ~'6 40() 

178 44880'5 4864-G 4368'6 4372'6 4816'6 4880'7 4884'7 43881' 4892"1 4896"1 4-0 
179 4400'7 4404'7 4408'8 1 44ll'S 4416 '8 I 4420'8 ~2.'8 ~'S 448~ '8 «as's ''0 
180 4440'8 4444'7 4448'7 4462'7 4466'7 I 4460'7 4464'7 4468'7 ~"'6 ~7e1l ''0 



162 A. General Table of Value8 OJ -- t for Ogival-headcd Shot. 
'Ill 

'" 
toe. 

181 
182 
188 

84 1 
1 
1 

8lJ 
86 

87 1 
1 
1 

88 
89 

1 
1 
1 

90 
91 
92 

93 1 
1 
19 

94 
fj 

7 
196 
111 
19 8 

19 
20 
20 

9 
0 
1 

202 
203 
204 

206 
206 
20 7 

20 
20 
21 

8 

~ \ 21 
21 
21 3 

4 21 
21 
21 

5 
6 

21 
21 
21 

7 
8 
9 

0 22 
22 
22 

1 
2 

3 22 
22 
22 ~I 22& 
22 
2~ 8 

:1 22 
28 
23 

( 

1 

2 
3 

2S 
2S 
2 34 

7/ 

0 

_Bo 
23301184 

3°1353 
3°1669 

28 8 01784 
3°1997 
302207 

23302416 
"03'202" 
8°2828 

23 30S081 
3-323:j 
3°3432 

23 3-3(;30 
3°3826 
8°4019 

23 304211 
3°44110 
3-4688 

23 3-4773 
S'4HI5(i 
3°5137 

23 305:115 
3°5492 
3°5666 

23 8°5837 
S06007 
3°6174 

23 3°6339 
3°6502 
306G62 

23 3°6820 
3°6977 
3-7131 

23 3°7283 
3°7434 
3%82 

23 3°7729 
3°7874 
3°8016 

23 3°8158 I 
3°8297 ' 
3°8435 : 

I 
283°8(,11 ' 

30S70i; 
3-8888 

28 3°8969 
8°9098 
3°9226 

23 811358 
3-9479 
309604

1 
23 3°9729 : 

3°9863 I 
3°9977 , 

23 4001~ I 
4002231 
4°Qat6 

1 

seCR. 
Soll56 
3°1375 
So1691 

3°1806 
3°2018 
3°2228 

3°2437 
3°2643 
8°2848 

:l08051 
3032~3 
goS4Ji2 

3°3649 
3°3846 
8'408H 

3°4230 
;l"4H}) 
3°460(; 

~04791 
a04U74 
aoDIM 

3°[,33:1 
:Nj50H 
:Ni6S.1 

~N)854 
3°6024 
a06191 

3'G3r.5 
~'(-i;)]8 

3°6678 

:.N1H:i6 
3'61.1:12 
3°7146 

S-72BS 
3°7448 
3'7597 

30774~ 
lJ07888 
3°8081 

308172 
SoS311 
3°8448 

8°8584 
3°8718 
3088/il 

3°8982 
:1°S111 
3°9239 

8°0866 
3°9492 
3°9617 

3°9141 
3°9866 
S09989 

4001I3 
4-0236 
4-0368 

2 I 3 4 ---I-sem.. eees. seeB, 
~0117S 3°1200 3°1222 
aol:mf; I 301418 3°1440 
aolfm I 3°1634 ::S'!G56 

8°1827 3°1848 3"1869 
3°20;39 a'20HO ;j02081 
3°2249 3°2270 a'22tH 

3°21['7 ao2478 3°2499 
a'~f)H4 3'2(}f!D a'270r, 
80t869 a02h~U :i°tU09 

;:NWi2 30~()!)2 3°3112 
a ;127:1 ;{'j:2f1a »-»313 
a°a472 3034D2 :)'3&11 

3036GU 3-36H9 3°3708 
ao;;HG4 UoabR4 3 aoo:! 
3% 37 S-4Q77 3'40[1(; 

a0424H 3°4268 3°4287 I 
3"H3H 3'4%7 ~0447G 
3-4G25 N644 :N662 

3°4810 S04R2H i)'4R46 
34!Wi i;-:)(Jl0 :)0,,02S 
3'5172 :>'.5190 :)'0208 

3·r,;~51 3°5368 3'5:186 
3'5fJ21 3',1');)44 ::b,)561 
3'ij700 30/i717 

I 
a'b735 

:l°5~71 ;;058881 3'MI05 
aoiOO40 ;Ni057 ;]°6074 
:1°6207 ;;°6224 aosuo 

30(\~72 aoGaR8 3°(;404 
~-i·tl;J:;4 a06550 3'G5(i{i 
0°661)4 aoGno :l"6726 

:-NlKI):t ~oG867 :Ni8R3 
:l7()1J~ :1°7023 8'70:m 
:J°71G2 :;°7177 aonU2 

30731a 3°7329 :;°7:144 
3'71 f j:1 ;]°H78 ~'74Ha 
a0761~ a07(126 307641 

3'77{j~ 3°7772 3°7787 
~-7liu2 3°7917 a070.n 
;~'H04'!) 3'SObl) 30807:l 

3°8186 3°8200 308214 
3°8:12" 30S:;38 3°83112 
;]°8462 3°8476 3°8489 

8°8098 3°8611 3°8625 
3°87;12 :1°8745 S08758 
aoS8G1 3°8877 3-88~0 

30R995 3-9008 a09021 
3°9124 3-9137 a-nIllO 
3-92r,~ 3°0264 3°9277 

3°9878 309391 8°9404 
31)~O4 »°9517 8°0529 
3°9629 3°9642 Sos6M 

S097M 3°9766 S09779 
3°9818 3°9890 S0990S 
4°0002 4°0014 4°0026 

4'Q12:; 4°0137 4-01W 
400t48 4°0260 4-0272 
4°0370 4°0383 400896 

II 5 6 7 8 9 
--- --- --- --- ---

sees. accs. sees. eers. secs. 
3°1244 3"1266 3°1287 ao13(}) 3°1331 
3°1461 noHR3 3°1606 3°1521 801648 
3°1671 3°1698 3°1720 3°1741 8°1763 

3°1891 3°1912 8"1933 3"l9~4 3°19715 
3°2102 3°2123 :j02144 a"no,) 3°2186 
3°2312 302:J3;J 3°2363 3°2374 3°2396 

3-2520 302fj40 302M1 3021\8-! 3-'.l602 
3°2726 ;{02746 3°2767 3°278" 802808 
302U80 8029[,0 ~02970 3°299; 3°8011 

3°3132 ;1°3152 3°3172 3°3192 3°3212 
;j-3;);13 !3·;:m53 3°:1:)72 ;j033HZ 303412 
3'~ifi;H 't·o.J(n a;J571 3°3590 303G10 

30a728 aoS747 :l·~{7r.7 aoS7R6 3°3806 
30:{922 aoS942 3°3\161 a03n80 :HOOO 
:NIla Hl;J4 ;;°-1163 3°4172 804192 

;'°4;3(,G ~04;32.> 204!l44 304lj62 30431'1 
3044!J4 3'4i,13 3°45;12 :1'4MW 3'41\G~ I a {(;HI ~'4fiV!) :l'471H ~0473(; 3-47M 

:l'4RG.'j 3 488~ a 400) 3"4B20 3°4938 
;;0;047 a'bOG;'j ibjOR.1 a'MOI aOOII911 3°5226 3'[,144 ;)'0262 aob2HO 305297 

35401 3°5421 3°5439 3'.54fjri 
3

0
M74 'I 3'ljb79 a'{.i:I!)G 3-1,614 s fj(;~l a06648 I 

3',J75~ :)'[,76H 3057~O ~h)80;; 3°5820 I 
3'5H2~ a'5nas 3'ij!)5G 3°5973 3

0
5B90 II a060n 3 (H07 306124 3°(>141 3°61;'7 

j'62L7 a 6273 a'62tH) 3°6:106 a06ata 

3'6420 3°C,4;\7 3064fia :1°64(m 3oMRo" II 
:1'G5~~ :N)5~~ 306(:14 3'6630 ~ (-i646 l 
aoG741 36757 3°677:1 3°67811 3°6805 I 
3068~~ a06914 a06930 3'6tl4C 3°6961 Ii 
;]°70M a'1070 :1'708t; !l'7IOO 

m~~11 3°7207 ;n223 3°72:18 3°7253 

3'7359 3°7:\74 3'7389 ~07404 3°74111 
:=\'75UR ~'7fJ2:l 3'7L3R 3'7Glj2 3°7567 
3°7656 3°7670 3-7685 3°7700 3°7714 

2°7801 30781H ~07R30 3°7845 3°7859 
307940 S07li60 :l"7974 a07!18H 3°8002 
30S087 ;)'8101 3°8115 a08l29 3°8144 I 
308227 3°8241 ~0821>5 3°8269 3-8283 
3°8366 :1°8380 30S:I!J4 3°8407 3°8421 

I 

3°8503 308517 aosoao 30S544 3°8.67 

8°8638 a08651 a086M :1 8678 aoS6B2 
3'8772 30S785 3°87(18 :loS811 30882~ 
3°8903 30g916 3°8930 30SM3 

3-1'0£ I 
309034 3°9047 3·9059 309072 8090S5 
30U162 ao{117T> 30S1RB :1°9201 3°9214 
3°9290 3°9303 3°9315 3°9328 3°9341 

8°9416 809429 311441 3°9454 809467 
3°9542 3°95.54 8°9/;67 300r,79 309592 
a09667 3°9679 3°9692 30970~ 3°9716 

3°9791 3°9803 3-9816 809828 3°9841 
311916 3°9927 8°9940 3°9962 3°9966 
4°0039 4-0061 4°0063 4°0076 4°0088 

4°0182 400174 40()]86 4°0199 4°0211 
4°0284 400297 4°0309 4°0021 4003114 
4°0401 4°0419 4°0431 '°0444 400m 

Ditto 

--
+ 

°0022 
00Q2j 
o/)()fl 

°0021 
°0021 
°OO'JI 

°0021 
O()021 
-<lO20 

°0020 
°0020 

°
002°. 

°0020 
°0019 
-<lO19 

°0019 
°0019 
°0019 

-0018 
°0018 
-<lOl8 

°0018 
°1/017 
°001.7 

°Ol17 
°OOIT 
o(JOl~ 

-0016 
°uU16 
-0016 

00016 
°0011$ 
°00111 

°0016 
°0016 
00016 

°0014 
°0014 
°0014 

°0014 
°OOU 
°0014 

°0018 
-0013 
°0013 

°0013 
°0013 
°0018 

-<lOIS 
00013 
°0012 -o()O]2 
°0012 
°0012 

°001ll 
°00111 
°00111 



A Generat Table of Values of '!'::'s for Ogival-headed Shot. 
1V 

163 

v 1 __ 0 __ 1_f_2 __ ~ __ 4_ 

f.B. feet. feet. feet. feet. feet. 
181 4 4480'6 4484'6, w!8'~ 4492'" 44!16',5 

5 

foot. 
4500'5 
4540'1 
4,;79'6 

182 ~20'3 4524'2 M2R'2 4.532'2 4'.3f. ·1 
183 ~69'8 41>63"7 4667"7 i 4571-6 

184 4 4699'2 460a-I 4607"0 I 4610'0 
186 4638-4 4642'3 4646'2 46.;0 I 

4G14'9 
4654'0 
4693'0 

4618'8 
4G1j7'!) 
469b ~ 186 4677"4 4681'3 4680'2 4ilSU'\ 

181 
188 
189 

190 
191 
191! 

193 
194 
19[, 

190 
197 

98 

19~ 
200 

201 I' 
201l 
20a 
204 

206 
j06 
207 ' 

4 47J6'3 
47M{) 
4793'7 

4 4832"2 
4870'5 
4908'7 

44946'7 
4984'6 
b022'2 

4 ~059'6 
1)096'!! 
5133'9 

4 6170'6 
5207"1 
6243'3 

4720'2 
4158'9 
4797"5 

4836'0 
4874'3 
4912'5 

4:1!lO'5 
41188'3 
J02fi'!l 

506H 
0100'6 
blaN 

5174'3 
r,210'7 
5246'9 

4 6279'2 [,2A2'8 
5~14'9 r,~11 H'T> 
r,3~O'3 I li3r,;]·g 

4 r,SRH 
MIlO'1! 
5464'7 

53R8'!) 
54~H'7 
S4!)S'} 

4724"1 
4762'8 
4801'4 

4727'9 
47ti6 '7 
4805'2 

47;l!'8 
4770 '') 
480:1'1 

47~0'7 
4774'4 
4812'9 

4R39'S , 4843'7 
4~7R'1 4HH2-0 
4916 '3 4920'1 

4H47"f> 4R5H 
4HH!d~ I[ 4HR!I'(l 
4923-9 I: 4927"7 

49!j4'3 
4!l9H 
6029"7 

0067'1 
r,104';3 
01412 

1)]77"9 
D~J4'3 
1)2.')0'5 

lI2Rfi'4 
5:122'0 
63[)7'3 

5~W2 '4 
b-t2i"l 
&16] (i 

4,'!'iM'l 
4:)f):;g 
1j()'~3'4 

4!161"11 ,:1 491ifi'7 
4H!)!I'6 TJOIl:l 4 
~Oa7"2 I [,OO"\J 

0070'8 r.o74-h II 0078'3 
,\IOR'O M 11'7 ! hlJH 
fil44'U 6141>'0 1 6152';) 

filRI"G M ~r.'21 6l88-(l 
/)218'0 1)1~1'6 I (,22,')'2 
5254"1 5257'7 I 6t61 ~l 
!i2!10'0 lJ2!1!J G I r,Z!l7'2 

2;:~6:~; ~~~~:! II gg~~:~ 
"~!'0'!1 r.:lnN 1/ 5402'9 
T!·1:tO·f; I [,4:\4 1 t f.t4:17':; 

fi499'1 /jr.O:?·r,' r.!iOfi·q 20S 
209 
~JO 

211 
212 
~13 

4 MS8'9 
6"22'8 
liMG'4 

4 MA!I'7 
5922'8 
r,fjlj{)·f'j 

M9~-3 
1J1i1G'2 
65.)9 '8 

Mlla·o I 
r.r.26-l I 
5H5S'S 

!i-1 1)r,'1 
!j!i:!q'G 
0563'1 

bMh'i4 
5(jtff'3 
5H62'0 

r,4(i5'O / 1i4(iR .. t , r,471'!) 

~~~{~,~ I :~~~~:~ ~~~;!:i I 
f.j.j99·7 r,6Ua'O [)(iI)(i'J 
r,6:~:l'(i ;,(j~!J'!l 5C;:W'~ 
6GG.".i'a ljl;GS'6 bh 7l'~ 

214 
216 
216 

217 
21.8 
219 

220 
221 
222 

228 
224 
226 I 
228 
~m 
228 

~~ 
281 

232 
233 
Il34 

lI3li 
lII6 
ta7 

4 li68~'0 
1;720'2 
6752'2 

4 fj7R:1'!. 
b81.'>'4 
5846'6 

4 5877"r, 
580S'3 
6938'1 

4 50091) 
6M9'0 
6028'7 

4 60:18'3 
6087'6 
6116'1 

4 61467 
6114'6 
6203'~ 

4. 8232'3 
6261'2 
6290'1 

48319'0 
63480() 
8317'0 

I 
liG91'2 [j(j94',j 
[;72:1-4 I 67~6'(; 
57tifj'4 57f.iS'(j 

mRN 
5AIR'5 
6849'7 

51UO'2 
!)Rtl'l) 
li8,j2'S 

.~880·6 5883'7 
6911':) 09) ·\"4 
5941'8 I 6944'8 . , 
5972-0 • :;975'0 
G002'0 6004'9 
';031'7 I CO;j4'6 

~~~:; I 
6119'6 1 

6148'6 ' 
617'/-) , 
6206"4 

I 

606H 
6093'4 
6122'5 

6161'5 
6180-4 
6209'3 

6236'~1 I 6238'1 ' 
6264'1 6267'0 
6293'0 I 6296'9 

6322'0 II 6324"9 
6360'9 6363"8 
6819-9 6362'8 

[jn!l7'7 
672!H) 
57(a'S 

r.793·4 
UHZ·j·S 
OS.'}[j·9 

688(; '8" 
b !)]j'4 
5:147'8 

r.978·0 
6007'9 
60;;7'6 

6',G7'1 
r.n~6·~ 
6125'4 

611)4'4 
6183' 
6212-1 

6241'0 
6269'9 
6298'8 

QS27'7 
Ga56'7 
6386'7 

moon 
[jj':~a'l 

,.764'9 

1i7f16'(j 
jjM:n'H 
;:;~v9'O 

r,~R9'9 
,;!t'l(h,) 
Mfr..O·g 

I)!"IRi'O 
GOlO'!I 
6040_ 

6070{, 
r.099·:) 
61!~'3 

61m'3 
6186'2 
6210'0 

6243'9 
6272'8 
6301-1 

63~O'6 
6359'6 
6388'6 

!l7()4'2 
m:W';l 
[''j()S'l 

f.i7H9·7 
[i~:;J'O 
r,g6a 

nSfl3'() 
L9t3'6 
('953'9 

6984'0 
r.0I~·9 
GU13'fj 

6072'9 
fil02'2 
6131'2 

6J60'2 
6189'1 
6117'9 

6246'8 
6276'7 
6304'6 

6338'6 
6362'5 
6391'5 

M 2 

I 

6 

feet. 
4(,04-4 
~44'0 
4583"4 

46:12'7 
4r.61·S 
4700'8 

47~9'6 
477~'2 
4816'8 

48fj[j'2 
4893'4 
4931 '5 

4!169'4 
0007'1 
51J.1N 

.1082'0 
DUR'1 
51liG'O 

51f12'" 
!i22H 8 
6264'9 

r.:WO·7 
h:I;I{l'Z 
5:)71'4 

.'j400·a 
r1141'0 
547.'i'!} 

(,1)09:1 
r,r..t3'O 
lil.7G 5 

:;GOfHi 
fj642':; 
5676'1 

0701'4 
fj7a9'v 
fj771'!} 

uR02'9 
IiH:14'1 
f.i8G!)'2 

7 

foet. 
4r,ON 
4048'0 
4587"4 

4li2'fHl 
466.5'7 
471J.1·6 

474:1"4 
47~2'1 

4~20'f; I 
4859'0 
4R97 '~ I 
4!'3,\-3 

4n;3-2 
r,OJo'~) 

0018'4 

r,m~rl'7 

1>1t:.! R 
J;}5!Hi 

r,HW'2 
IJ212'/j 
l.i1IiR·f) 

1):)01:1 
!i:J:.w'7 
f.i:J74'!J 

/)409'8 
M4N 
M78'7 

[, .... 12·7 
!'ir,·Uj'4 
fj.jj!J'B, 

fiG12 H 
(,1)4!i 7 
tifi7H';J 

fiiluG 

r.742·G I [,774-4 

/)A06-0 , 
!'.i~:l7·~1 

f.iAt'i8':1 

MWG'O 5RH!-t'l 
69:W'G I :;!J2~'G 
5966'9 5Br,9'9 

li9R7-0 
(;016'9 
60·16'6 

607,\'9 
6105-1 
6134-1 

6163'1 
6Jn 9 
6220'8 

6249'7 
6278·r. 
630N 

6336'4 
6366-4 
6394'4 

:i9UO'O 
601!H~ 
604!"4 

6078'H 
6HIIl'0 
6137'0 

61G6'0 
6194'R 
622~'7 

62.'i2'r, 
6281'5 
6310-4 

6839'3 
6368'3 
6397'3 

8 • 9 1 DIlf. 

- fl'et. 'ree-;::-i --:;:-
4"12-4 I 4616'3 , 4'0 
4MI'O ~66'9 ! 4'0 
4691'3 45Hu'2 i 31) 

:~~~:g :~~:::. I ~:~ 
4,08'6 4712"4: 3" 

4747"8 47M'2! 3~ 
47.Gr.·0 47~n'8 I 3'9 
482H 4828'3 3'8 

4~fl2'R 4866"/ I 8'S 
4!'01'] 41104'9 I ~·a 
4939'1 4042'9 8'8 

4(177'0 4\180-7 I 3'S 
»"14 '7 r.o1H·4 ~·s 
:';0:;2-1 1)()b5'9 ' 3'7 

0089'4 
r.12(Hi 
blG~'a 

1)1!l9'S 
(,23G'1 
5272·J 

r.O!lH 
f>l!W'2 
bHHH) 

I 
~203·4. 
~n9'1 I 
ot7o'7 , 

u:1Oi'3 fi:lll'4 

":14;]'31 r,;j40'8 
W7R-4 r.:iHI·\j I 

!i41:~'3 fj41G'7 I 

M47'9 MaJ'3 
f>4H2'\ I 04801 '6 

[,!jIG-l 5410'4: I 
r,.HH'7 fjr~:l'l 
f;[;f!3'l 6586'4 I 

r,(;](j·z 

1jf:4~'O 
6';81-6 

r,71:I'H 
m~:.~ 
5'ii7'G 

!iHO~1'l 
bM40'4 
5H71-4 

r,fJ02't 
:W:l2'7 
6~f;~·(j 

b99:)'0 
('1122'8 
60(,2-4 

GOHI"7 
Gll0'9 
(;]~V'9 

61G8'8 
6107'7 
6226'6 

62(,(,'4 
6284'3 
6313'3 

6342'2 
6371'2 
6400'2 

r.(;1~ ·6 
(jGr,n 
6HtH'S 

67l7'0 
fl74H'O 
fJjtW'P: 

I 

I 
r.~12·2 
IiH4:h'i I 
681N ! 

r,900'2 i 
~~ri:~ t 

~~~:~ I 
6066'3 

1:084-7 
6113'8 
6142'8 

6111-7 
6200'6 
6229'6 

62&8'8 
6287"2 
6316'2 

61145'1 
6814'1 
6403'1 



164 d t 
.A ,fleneral, Table of Values uf it! f for OgwaZ-keadeil Shot. 

., () 1 2 3 --~-Ir --~- 6 7 8 , 9 ! DUr. 
--- ------

f .•. aees, IOOS, BOOS. B008, sccs. sees. !!Iecs. soos. sees. wees, + -t3 4'041*\ 4'U480 4'0492 4'0506 4'0611 I 4'0629 4'OM1 4'0653 4'056~ 4'0618 I '0012 
239 4'0690 4'0602 4"'614 4'0(l~6 4'0639 4'01,61 4'0663 4'0675 4'0687 4'0699 1 '0012 
IMO 4'0711 4'0724 4'0736 4,0748 4'0760 4'0712 4'0784 4-0796 4'080U 4:0821 '0011. 

"'1 23 4'0883 4'0846 4'0867 4'0869 4'0881 4'OR98 4'0905 4'0917 4'0930 4'0942 '0012 
1I42 4'09M 4'O~Il6 4'0978 4'0990' 4-1002 4']014 4'l(l26 4'1038 410W 4'IM2 '0012 
IK3 4'1074 BUS7 4'1099 4"1111 4-1123 4"1135 4'1141 4-1159 4"l171 4'1183 '0012 

t44 23 4'1196 H207 4"1219 4'1281 4'124:l 4-l2M 4'1267 4-1279 4'12n 4'li03 '0012 
245 4'13lG 4"13t7 4'1:l89 4'1351 4-1363 4'137,5 4"1887 4-1899 4'1411 14'1423 '0012 
246 4'l43G 4"lH7 4-1469 4'l471 414M3 4"149,5 4'HUG 4'11118 4'loll0 4"1542 '0012 

247 23 4'1504 4'}5GG 4-l~78 4-1590 4-1602 4"1~14 HG26 4'1638 4-164\) 41661 '0012 
~48 4'l673 4"1686 4'1Hn 4-l70~ 4-1721 41733 41744 4"1756 4'1168 4-1780 '0012 
249 4'l792 4'1804 4"1815 41827 4-183H H8n H8M 41874 4-1886 4'1898 '0012 

ll50 28 4-1910 4'1922 4-1933 4'1945 4-l~57 41969 4-19RO 410!12 4'200' 4'20M '0012 
261 4'~027 4'~03~ 4'2051 .'2062 4·t074 4'20H6 4'~O97 4'~109 4'212' 4'21a2 0012 
262 4'2144 4'2100 4'2167 4'n79 4'2190 I 4'2201 4'2214 4'2220 4'2237 4'2218 -orm 

2~ 28 4'2260 4'2272 4'2283 4'2295 4"2306 4'2318 4-2829 4'2841 4'2,%2 4'2M4 'OOIZ 
254 4'2?75 4'23H7 4'2:l98 4'2410 4'2421 4'24:33 42~44 4'2455 4'2167 4'24:S '0011 
26/i 4'2490 4'2601 4'2M3 4'2624 4'25:l5 4'2547 4-2;':;8 4'2t3G9 4'2581 4'2,;92 '0011 

266 23 4'2603 4'20n 4'2626 4-2637 4'2M8 4'2G60 4'2671 4'268~ 4'2693 4'2705 '0011 
257 4-2116 4'2727 4'2738 4'2749 427(;() 4'2772 <l-27R3 4'27~4 42.'\05 4'~RI6 '0011 
1I68 4'2827 4'2838 4'2849 4'~8GO 4'~871 42882 4289a 1'2904 4'2915 42926 'oon 

23 4'2937 4'2948 4'2969 4'2970 4'2981 4'2H1J2 4':1003 4'3014 4302,; 
. 
4'3036 (gll 259 

260 4'3046 4'3057 4'3068 4'3079 4';lO90 4':3101 4'~111 4'3122 4'31:13 4'm44 on 
261 4'311;4 4-3165 4'3176 4'3187 431!l7 4·.j20H 4'3219 4'322!1 {'<lUO 4'3260 0011 

262 23 4'3261 4'3272 4'3282 4'3293 4'3303 4':)314 4'3325 4'333[, 4'3346 4'3366 '()I)l1 
263 4'3361 4'8877 4·saS8 4'3398 43409 4':)419 4,1429 4'3440 4'.450 4'3461 'OO]() 
264 4'3471 4'3482 4':J492 4'%02 4'3513 4,;;23 43533 43M4 4'3bM 4'3664 ·ooto 

265 I 234'M74 4'3585 4'359,5 I 4'3605 4'3615 4'862~ 4'3636 4'3646 4'3656 4'36b/ ·0010 
266 4'3677 4'3687 4'3~m I 4'3707 4'3717 4':H~K 4'37,18 4':3748 4'37 ,\8 4'3768 '0010 
267 4'3778 4'3788 4'3798 43808 

4':1
818

1 
4'3828 4·a838 4'8!!48 4'3868 4'3868 '0010 

268 284'31178 1'3888 4'3898 4'3908 4'3~18 I 4'3928 4'3938 4'3948 4'89$ 4'39f>8 '0010 
259 4'3977 4'8987 4'3997 4"4007 4'4017 4-4027 4'4036 4'4046 4-4056 HOG6 '0010 
910 4'4076 4"4085 4"40~J; HlOii 4"4114 4'4124 4"4134 4"4143 Hlf,a 4-4163 '0010 

271 28 4"4172 4'4182 4-4192 4'4201 44211 4-4220 4-4Z:lO 4-4240 4"424f1 4-4259 '0010 
272 4-4268 4"4278 4"4287 4'4297 4'4:107 4'431(; 4'4<~26 4-4335 4-4344 4'4354 '0010 
278 4'4360 1'437. 4'4382 4'4302 4'4401 4-4411 4'4420 4'4429 4'4439 4'4448 '0009 

274 23 4'4457 4'4461 4'H7(; 4'4485 4'449, 4'4:;04 4"4513 4'4523 4'4332 4-4541 '0009 
275 4"4.%1 4'4660 4'4569 4"4678 4'4387 4'4697 4'4HOG 4"4(;10 H6U 4'463:1 '0009 
276 4-4643 4'4652 4-4661 4"4670 4"4679 Hb88 4"4611'7 4"4706 4'4715 4"4725 '0009 

277 23 4'4734 4"4743 4-4702 4-4161 4"4770 4-4779 • 4-4188 4-4791 4'4806 4'4816 O()O09 
278 4'4824 4-4833 4 .. 4642 4"4MO 4'4869 4-4868 4'4877 4'4886 4'4896 4'4904 '0009 
279 4'4913 4-4922 4"4930 4"4939 4'4948 4'4957 4'4966 4-4976 4'49~a I 4-4992 '0009 

280 234'6001 45010 4'0018 4'6027 4'6036 4'5045 4-5063 4<6062 4'6071 4'508(\ '0009 
281 4'W88 4'ollY7 4'6106 4'6114 4'6128 

I 
46131 4'5140 4'6148 4'~167 4'lilS6 '0009 

282 4'6174 4'6183 4'5191 4'6200 4'5208 4'5217 4'6226 4'6234 ;1'024l1 4'6261 '0009 

2M 234'6260 4'5268 4'6277 4'5285 4'52~a 4'5302 4'5310 4'5319 4'5321 4'63!l6 '0008 
284 4'5344 4'6352 4-6361 4'5369 4'1)378 4'DaSS 4'0894 4'6403 4'5411 4'6419 -0008 
:86 , 4'5427 H436 4'5444 4'1)452 4'0461 4"6469 4'5471 4'5486 4'6494 4'6602 '0008 
JIl6 28 4-6610 4-6618 4'M27 4'0536 4'6/i43 HM1 4'6M3 4'6687 4'li676 4'Ii/i84 '0008 ,s7 4'6392 4'saOO 4'0008 4'6616 4'6624 4'0032 4'5041 4'6648 4'W61 4'66M ! O()OO8 188 \ 4'li678 4'6681 4'5689 4 .. 6697 4'1i705 4'll71a 4'6721 H729 4'0737 4'~745 '0008 

4'5761 14'6769 .' J89 28 4'6758 4-6717 4:578fj 4'6798 4'$00 4'5806 4'0816 4'$24 II '0008 t90 II 4'6832 



(z2 
.A General Table of ValU83 of 8 for Ogi'IJril.heailsd Shot. 

w 16G 
'IJ 0 1 2 3 4 II Ii 6 7 ~1._9_ Dl1r. 

l.a, f{let, feet, foot, foot, teet, teet. toot, feet, r""t, feet, + 
'38 4 6100'0 6408'9 6411'8 MH'S 6417'7 r,4~O'6 6423'~ H42G'4 6429'3 6432'2 211 
1139 643601 6438'0 _ 64-10'0 644~'1! M46'~ li44U'7 64051'6 64.J6'6 64584 6461'8 2'9 
1140 6464'2 64HH f>470'l 6473'0 6471)'9 647~'H 648l'7 (,4M'B 641!7'6 6490'u 211 

1I4l 4 6493-4 6~96'3 f>409'2 6b02'? (;60:;'1 !il)080 ' H,mO'!) titUS'S H~16'i\ 6019'1 2'9 
1142 6(;22'6 652,5'6 (j52~h5 6531-4 6oW:; 11537-3 fi540'2 (lata'] 6li4(l'} 6649'0 2'9 
248 6blil'9 6Dli4'9 6057'Ii 6560'7 H.51i.l'7 IIIiHil'6 tifJmh,) 6Il72'o 6075'4 6578'3 2'9 

244 4 6fiRl-3 6584'2 66H7'2 6690'] 6JJHa'O H60G 0 (;o:;tJ'H (160]'R 6604'81 6607'1 2'9 
243 6610'6 661:)'6 ~H)Hj'6 G6Hhl) (j(i~24 ()(i2fj':l (ili2H'a f.6:11'2 (;H34'2 66na 2'9 
1146 6640'1 6643'0 flH45'9 6H4S'U ()(jf)!'S HG548 66677 Uti60 (i 6663'6 6666'6 2'9 

~47 4 6669'6 HG72'.j. 667[,'4 foG7R 3 G6R)':! f,GR4'2 fi()R7'2 Gj.nO·l (J6!13'O 6Sij6'O 2'9 
248 6G98'g 6701'9 6704'8 6707 il U7l0'7 H713'7 6716'6 67H,'() 6722'8 6726'1) 2-9 
1149 6728'4 6731'3 6734'3 67372 6740'2 (1743) 674(;'1 ('74~'O G7h20 6754'9 2'\1 

250 4 6757'8 67GO'7 G763'7 6766'7 H76H'f1 (i772-r. (l775'5 t77H'4 6781'4 6784'3 2'9 
261 

i 
67873 61fJU'~ H7!.I~ I (i796'1 67H9'O 6802'0 6804'9 (;~07'8 (1010'S ((SI3'7 2'9 

'252 6816'6 Gal9'S H82~N.i 6826'4 (io2S 4 (;S:)1':1 6834'2 6887'1 (\840'1 ~843-o 2'9 . 
253 4 6845'9 foH4R'g GS51'R H8M'7 G~r.7'G G~()O·I) ClR6S'v 6R6(1'4 6RS9'3 6872'2 2-9 
264 68751 UR7~'l H8Rl'O (;S8.'l'H HHk(j'R I>ss9'7 URI)2'6 G8!lu'H I fiRHt!'[j 61)01'4 2'0 
255 6904~ (1907'2 6HlO'l mnao tmlv'U G~JB'8 111121'7 fii)U'6 6927-6 6930'4 2-9 

2GS 4 6983'3 69862 Gn:WI 69,12'0 GH'H'!I (m47'8 ; 6!<,j()'(, I fJUlii':; (W:;6'4 (1950'S 211 
257 6nn~ 2 6~)()fi'O GHti7'O ()!)70b UHi:l'7 S!n 6 IJ I H97tH fiHK:l'3 U!ISil ] 6USB'O 211 
258 6990'9 (,993'7 G!lUG G ()91H)'4 70023 7001)'1 700S'O 7010'8 7013'7 70111'6 2'9 

!l~O 4 7019-4 70222 70~.l'O 70~7'll 7fl,lO'7 70~a I) 7036'4 70:W'2 70i1'O 7044'R 2'S 
260 7047'7 70M5 70'!)~J :, 70!)f)'l 70,)S'~ 706]'7 10<;4'6 70[;7'4 70702 7073'0 !l'8 
261 797" ~ 7078'6 70;')4 70R4'2 70870 70HH 7 70U~'b 70Uij'S 

701lR'l I 7100'9 2'8 
I 

~62 4 710~'7 7]0(1 fi 710(1'2 7lJ,:!'O 7114 H ill7'(; 7120'1 712:1'1 712»'9 7128'6 2'8 
268 71:114 7H4'1 7l'W'H 11,m7 71424 714;' '" 1147'(/ 

7100'71 71ii:"4 716()'\I 2'8 
264 710589 71Ll'7 7](144 7lG7'] 71Ht.r tl 717~Ni 7175'4 7178 ] 7JHO'b 71Ra'5 2-7 

266 4 718G 3 7]g9'O 7lUl'i 72114'4 71'171 71!l!H) 72026 7205':1 7208'0 7210'7 2'1 
266 7213-4 nI61 721'b 22~l'5 722-12 I 722fi'U 72~!I'(j H:J2:J 7~3r, f) 7237'7 2'7 
267 7240'4 7243'1 724[,8 7:.!4S'fj 721)1'2 

I 
72b,~ 8 725G'5 72li!"2 7~Wl'~' 72114'1) 2'7 

, 
'268 4 72(:7'2 71t;H'U 7272'0 '727~ 2 7277-0 

I 
72RO :; 728;1'2 72~fj-!J jtS~-!i 72!ll'2 2'7 

269 72U3'8 72V(, fi 72!-1~"l 7:lo1 H 7:1044 7,lO71 7:;0117 7:ll~'a 7315 (I 7317'6 2'6 
270 7320'2 1:122 !l 732,'";';) 73tH'} 7;I:m h I /'\:1:1'4 7,136'0 7:l3H'(1 7MH 7343'9 2'6 

271 4 7a4()'1) 7340'1 7:1fil'7 73!i4'3 7!1.1H B I 73.')H'o 7362'] 73r.4'7 7:lf,7'3 73611'9 211 
,272 7372'0 7f)751 7an 7 73HO':! 7:1'2!) I 7:U':fj'!j 13R8'1 7'{HO'7 '; ~1j:;'3 7395'8 2'S 
273 73~8'4 74010 7403'(1 74062 HUH 7 74U':; i4l3'U 7416'4 741H'O 7421'6 2'0 

274 4 7424'1 7426'7 742H3 H:n'8 74:H I 743(11) 74;-Jfj'5 7142'0 7H4'(l 7447'1 2'6 
276 744n-7 74;')22 7454'8 7457'a 74M ... " 74(i2'4 74()4'H 74(;7'4 7470'0 7472'0 n 
1176 7470'0 7477-5 74"IH 74R2'G 74&1) 1 7187'6 74110') 74U2'7 74Uf)'2 74U7'7 2'0 

277 4 7600'2 75027 750:;'2 71107'7 70102 ir,lH 75}5'2 7ri17'7 71)20'2 7522'7 2'6 
'278 7fi25'2 7C27'7 7fi'10 1 75326 7fj~!)'l 7/;:n'6 704(1'1 7!)4:!'fl 7Mr,O 7447'0 2'~ 
279 7MO'O 761>2'417 Mi'!! 7M)7'4 7vb!)'}) 70(12'3 75M'S 7667'2 7b6H-7 7672'2 ~6 

280 4 7674'6 71l77'1 7f17I/'. 7;'82'0 75HN I 71JR6'8 7~S!Jo:l 7m·1-7 7,r,jJ4-2 7.1118'6 ~4 
281 7/;99'0 7COH 160:J'V 76(1)04 7fiO~'8 7(Hl'2 76Ja'6 7616'1 7GI~'5 7620'9 2'4 
282 7628'3 7626'{ 76~8'2 7630'6 N:H 0 I 7635'4 7(i37'H 7(;40'2 7642'6 7645'0 2-4 . 
'S3 47647'4 7649'S 7652'2 76546 7(; •• 7-0 76"94 7GGl'R 7664'2 76Gfi-£) 7669'0 2'4 
~4 7671'S 7673'7 7m6'} 7G7k~ 76;'09 768i] a 76H.l'6 7<iHH'O 7fi!IO'4 7692'7 2-4 
28Ii '169:;'1 7697'5 7699'8 7702'2 7704'6 770(;'U 7709',l 7711'6 7714'0 7716'4 2'4 

5f II 
47";18'7 7721'1 7723-4 772"'8 772f1'l 7730'4 7732'S 7735'J 773N> 7789'8 ,.8 

7742'1 7744'6 7746'8 7749-1 770]0.5 7753'R 77Iw'1 77oS'" 776Q-8 7763'l ,.8 
77elj04 7767'7 777,)00 7772'4 7774'7 7777-0 7779'8 7781'0 7783'9 7786-2 2'3 

=11 4778H'/l 7790'8 77931 7795'4 7797'7 7800'0 7802'3 7804'61 7800'9 7809'2 2'3 
7S1N 



166 PHE MODERN SPORTSMAN'S GUN AND RIFLE. 

'fRA.JECTORIES OALCULATED FROM OHRONOGRAPH VELOCITIES. 

Before we can lpako 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 ·;i50, ·500, &c.; fj,nd the 
weight of the bullet is usually stated in grains. Baving 
these particulars we proceed as fo Hows : 

We first square the diametel" of the bullet, and then divide 
by its weight, so as to obtain a factO'r 1)1' co-efficient of air­
resistance, which is the basis of every calculation with this 
bullet, and which, in writings on the subjec:t, is commonly 

designated a'> its~. In the foregoing pages, the table!:> on 

the left-hand, headed by this symbol followed by the letter t, 
apply to calculations of time; those on the left-hand pagE's, 
with an s after the symbol, apply to calculations of space or 
distance. 

Let us suppose-to take an easy example-that the 
diameter is ·500 and that the bullet weigh& 500 grains. We 
get the square of ·500 by multiplying it by itself; and, 
omitting the supel"fluou'l cyphers, the result i'l ·25. We have 
now to dIvide this by the weight; and, a'l the tables which 
have afterward" to be worked from are ba'led 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 grain'!, we see at once that it is -14th of a pound of 7000 
grains; and, as the process of dividing by this fra,,:tion 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 !:>implest 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 



CALCULATION OF TRAJECTORIES. 167 

1M, or -h; and in many instances this method .is more 
simple tha,n that of ascertaining the corrC'sponding decimal 
fraction, which for the 500 grain bullet would be ·071428571b. 

The division of the square of the diameter by the weight 
of our bullet will be seen to give 3'5 ag the result j 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 use of the tables. 

Snpposing we know vom the chronograph that the muzzle 
velocity of our bullet is 1 G8S fAet per second, we refer to the 
table of ., Space" (page lUI), and in the line beginning 168, 
and the column headed 5, we find that 43070 is the number 
corresponding with 1685 velocity. ",iVe take this number, 
subtract, therefrom the 1050 previously olitainpd f0r 100 
yards, awl the r8mainder is 4'2!120. Referring again to the 
same table, we find that tho noarest number to 42D20 is in 
the line beginning with 144, and that, without resorting to 
fractions. the remaining velocity would bo represented by 
1448, or by 144,7'(j if you wish to be more exact. 

Having now obtainou the "remaining velocity," you may 
desire to ascertain the time of flight or amount of drop of 
the bullet in the same distance; and for this purpose it is 
necossary to refer to the opposite page relative to «Time." 
You take from this, in similar fmlhion to the table previously 
used, the number corresponding to 1685 velocity, which 
is 232'8209; subtract therefrom the numher corresponding 
to 1448, which would be 232 1491.; and the remainder ('6715), 
divided by the 3'5 pl'8viously mentioned as the fa.ctor 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 
rea.d 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 fot' 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 193'145, as if you take the fraction of a foot 
from the table and turn it into inches>#ny little divergency in 
the last figure of the decimal is multiplied 12 times in this 
process, and thus makes the drfferences betweeu flucceE.sive 
ranges appear out of proportion. 

CALCULATION OF DROP FROM MLzZLE VELOC'I'l'Y. 

'1'he above long description may be briefly summarised III 

figures, with the aid of the ordinary arithmetical signs for 
multiplication, division, &('., the same dimensions, weight of 
bullet, velocity, &c., being given as before. 

500 x '500 = '25, square of diameter of bullet; 
'25 X 7000 grs. = 1750; 
1750 -+ 500 grs. = 35. factor of air-resistance, or ~ 

We now have recourse to Bashforth's tables as follows­
selecting the C( space number" from the right-hand page, and 
t.he "time number" from that on the left: 

Space 
Number 

Time 
Number 

1685 ft.-soC', velocity 43970 
- 3'5 X 300 feet 1050 

1685 ft.-sec, velocity 232 8209 

Remaining velocity 

42920 = 1448 ft.-sec. = 232'1494 

'6715 
'6715 + 3'5 = '191857 sec. (Time of flight) 

'191857 X '191857 = '036809 square of Time. 
'036809 X 193 in. = 7'1 in. 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 so 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 melJ.tion here that, if t( drop 'J 

calculations for comparative purposes are about to be made, 
it may save time in the end to be very exact in estimating the 
uremaining velocity" to fractions of a foot. The time calcula­
tion is based on this remaining velocity; and any slight 
inaccuracy is conslJeraqJ.y magnified by the squaring of the 
time, and will thus make a very noticeable difference in 
long ranges. The young beglllner may therefore be greatly 
puzzled by irregularities of increase in drop at different 
ranges, and, fancYlllg 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 velocity .. 

CALCULATION OF MUZZLE VELOOITY FROM 'l'IME :0& DROP. 

If, now, yuu wish to abcertain the muzzle velocity from the 
mean velocity obtained by the chlOnograph, the above process, 
or a part of it, has to be rev('rsed. Suppobing that the 
mean velocity in 20 yards has been ascertallled, that would, 
as recently btated, be the actual velocity at haH-dibtance, or 
10 yards. The factor of air-resistance, 3'5 (if the bnllet 
were the one just mentioned), would have to be multiplied 
by the haH·distance in feet (30), and the product added to 
the" Space" number taken from the right. hand table. This 
will give the number correspondlllg to the velocity at the 
muzzle, which is 30 feet frem 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
plioation of the reverse process just described. Taking the 



170 THE MODERN SPORTSM.-1.N'B GUN AND RIFLE. 
-------~ 

previous figures, by way of example, with 7·lin. tirop of 
bullet, we proceed as follows: 

7·lin. drop -;- 193in. = '036809 square of time; 
Extract square root of '036809 = '191857 see., Time of flight; 

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

Actual velocity, 1564 = 43448'6 in Space table; 
add 150 feet X 3'5 = 525 0 

and the remainder, 4::1973'6 = ]686 vehcityin 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 re&ortcd to, as the mean velocity 
was rather over 1563i feet per second. 

CALCULATION OF TRAJECTORY WITHOUT A CHRONOGRAPH. 

Few persons have a chronograph at their service, but many 
may like to c&1'ry out oxperiment& within their means for the 
purpose of e<>timating the trajectories of their rifles or ascer­
taining the muzzle velocity. It 11'\ not to be expected that the 
results to be obtained by tho methods now about to be 
described c.c'l,n be mom than approximate, but the experiments, 
if carefully carried out, will often gIve a closer approximation 
than might be expected. 

Col. Davidson, the inventor of the telescopic sight for rifles, 
in commenting, in the P i-p7d, on the recent rifle trial at 
Putney, thu<> described the method he adopts for ascertaining 
the trajectory and drop of bullets: 

(( Every gunmaker should be prepared to tell h13 Cll s ~omer 

what is the trajPctory of the rifle he sells. Everyone has not 
th~ 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 hne 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 celJ.tre 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 layoff the drop of the bullet 
from each of these distances, when a curved line, connecting 
these PQints, will give tho trajectory. Of course, for con­
venieilCe, I use a different scale for the distances and for the 
drop." 

From a line subtending the curve mado as Col. Davidson 
describes, the height of the trajectory at different points could 
doubtless be ascertained with a very close al'proximation to 
accuracy; but I doubt whether measurement from tho zero 
line, or line of no elevation, can he relied on to give a cl)rrect 
representation of the actnal drop of the bullet in all cases ; for 
the apparent drop and the actual drop are not necessarily the 
same. I am led to this remark hy Col. Davidson having stated, 
in the courbe of his lettor, that thp drop of a rifle he tried he 
had fouud to be ahout 10 inches at 100 Yltrds. A drop of 
10 inches und6r the action of gra;vity is accomplished in less 
than a quarter of a second ('2275 sec.); and it will be soon, 
on dividing 450 feet by this time, that r~ bullet having flO 

small a drop in 150 yards must have a mean velOCIty of over 
1970 feet a second. To produce so high a mean volocity for 
that distance, th~ initial velocity of the bullet would have 
to be somewhere about 2600 feet per second. I concludo .. 
therefore, that the apparent drop in Col. Davidson's bullet 
measured some inche!s. less than the true drop-probably 
owing to a certain amount 01 "jump" in tho 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 ch~e to the fact 
may be found by tak~ng the kn(lwu height of the traieotory at, 
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m.id-ra.nge~ and multiplying it by 4~ which will give .P'Pl'oxi. 
mately the drop at full range; so that, if any greab difference 
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 trajectory 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 mea)3uring every shot separately, and cal~ulating 
the avera'ge; otherwise one might possibly have half a dozen 
bullets at different distances from the zero line, and only get 
the mean of the two extremes instead of the average of tihe 
entire group. 

Another simple method of ascertaining trajectories is tv fire 
a series of shots with the same sight at different dif'tances 
in the following fashion. I .. et us suppose that hal£-a-dozen 
shots are fired from a sandlJag 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 Right, 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 sheet 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 whioh c01're­
sponds with the position of the mUZ7.1e pI the rifle, to the point 
which marks the average position of the six: shots at 150 
yurds, 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 a.t any point. By measuring the height of the tra­
jectoryat s, 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 froIn the drop you may, as recently. 
pointed out, ascertaiu the time of flight. the mean velocity, 
and ultimately the muzzle velocity. 

THE VERTEX OR CULMINATING POINT OF THE TRAJECTORY. 

'1'his occurs a little beyond mid-range, at about half the 
time of flight; and} taking 150 yards as a convenient rango 
for Expre~s rifles, 80 yards may, for all practical purposes, be 
assumed to represpnting the highest point of the trajectory; 
though with very light bullets and great speed the turning 
point would really be somewhat beyond 80 yard!:!, and with 
heavy bullets and lowor velocity it would be rather under that 
distance. Thus, U 360gr. bullet of '450 bore, with 1600ft. 
muzzle velocity; would be at its highest about 79~ yards; 
whereas a 2GOgr. hullet} with 2000ft. initial velocity} would 
nut reach its vertex till ahout 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 hoight of the front bight; but~ 
if taken from the line of aim, the height of the front sight 
above the axis of the hare has 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 difierence of a q1larter of an inch at mid-range, 
and more or less as it was under or over 75 yards. 

As the angle of e19vation.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 dr0ps 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 
p.ngle and drop of bullet are brought into correspondence, 
and, for a few yards, the rise and fall so nearly counteract 
·each other that recourse mnst 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 the former and 1600 for the latter, so as to 
make a rather wide contrast: 

HEIGHTS OF 150 YARDS TRAJECTORY BEYOND MID-RANGE, WITH 

NO ALLOWANCE FOR SIGHT. 

260 OR. BULLET, WITH 2000 rT.·SEC. 3GO 9It. BULLET WITH Jr,OO FT.-SEC. 
MUZZLE VELOOITY :/o!UZZLE VEL00JTY 

At 75 yards ......... 4'059 inches. At 75 yards . ........ 5'590 inches . 
76 ... .... . 4'067 76 . ........ 5'596 

" 77 " .. ........ 4'074 
" 77 . ..... ... 5'600 " 78 " 

... .... .. 4'078 
" 

78 ......... 5'604 
79 ... • 0.0 1'082 79 " 

......... 5'608 
80 " ..... .. , 4'083 

" 
80 ......... 5'609 

" In 
" .. ...... 4'084 

" 
81 

" 
......... 5'606 

" 82 
" 

......... 4'085 
" 

82 " " ..... 5'602 
83 " ... , .. 4'082 83 " 

.. .. .. . 5'597 
" 

SAME, WITH HALF-INCH ALLOWANCE FOR SIGHT, 

At 79 yards ......... 3'844 inches, At 77 yards ......... 5'357 inches, 
80 " ......... 3'849 

" 78 ... .. .. .. 5'365 
" 81 " ......... 3'853 79 

" 
.... .... . 5'372 

82 
" 

...... .. . 3'857 80 .... .... . 5'376 
" 83 

" ... ... ... 3'859 81 .... ... .. 0'376 
84 " ......... 3'858 

" 
82 

" 
......... 5'376 

" 85 " ......... 3'855 
" 

83 " 
......... 5'373 

" 
On comparing the first di'Vision 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. T.his 
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arises from the fact that, whereas the line of elevation 
increa!;es ill height with length of range, the all.owance for 
sight diminishes; and thu~ another counteracting influence 
joins in with the diminishing volocity of the bullet, and gives 
almost absolute flatness for seveIal yards. This is very 
convenient for amateurs who wish to calculate 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 IS 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 
second, i", taken as the height of the trajectory at 50 yards, or 
whatever the selecL"d distance may be. I confess, however, I 
prefer to subtract the drop from the hplght of angle, although 
it may be a more cumbersome process; fur the former 
makes the trajectory appear somewhat too low. To show thA 
~ffect, 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 
l'~nge. If we take this half time, and square it, we get one­
fourth, and muJtiplying this by the gravity drop per second, 
we find the highest point of the trajectory given is exactly 
one-fourth of the drop in t1f' full range. But, if we look at 
the angle of clevation, we see that at mi~-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. 



176 THE MODERN 8POBTSMnl'S GUll AND BIFLE. 

dilltance 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 
a.lluded 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 liil-e of 
variable velocity, and consequently the points of time on 
the two lines do not coincide. Calculated by the method fh 
question, the greatest height of trajectory, as based on half­
time, would be, for the 260grs. bullet 3·48in., and for t.he 
360grs. bullet 4·97in. Accordingly the results would not 
accord satisfactorily with the foregoing table, nor with t'alcu­
lations worked out on the basis now to bo de&cribed. 

MODE OF CALCULATING VELOCITY FROM BULLET MARKS ON 

TARGET. 

Express rifles are commonly sighted for 150 yards, and 
this range will therefore be very suitable for the experimeut. 
Mark a horizontal line on a target or sheet of paper, a.nd, 
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 trom about 4in. to 51in. above the horizoIJ.tal 
line on the target, and this will represent the height ot the 
t~ectory above the line of aim. Military bullets would be 
t~on~iderably higher. 

To the height thu~ obtained, add -hths of the height of 
the sight from the centre of the bore, and you obta.in the 
height of trajectory without sight allowance. Multiply this 
by the square of 15 (or 225) a.nd divide by the square of 8 



O.J.LOUL.J.PION OF VELOOITY, 171 

(or 64) and YOll obtain the same result as dividing by the 
square of MJ which represents the proportionate part o£ 
the range. This gives you the total bullet-drop in 150 yards. 
Very nearly the same result is obtained by merely multiplying 
by 3t, as dividing by the square of 18lo iA similar in effect to 
multiplying by 3'516. 

Take the total drop in inches and fractions, divida hy 
193']45 (the number of inches fall by force of gravity in one 
second), and the squdre 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 tho bullet at half 
the distance, 01' 75 yards. 

Then, having ascertained the factor of resistance, or ~ 
'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 ref>iAtance, and you obtain a number which, 
added to a " Space number" in B3'lhforth's table corre'lpond­
ing to the velocity at half-distance, will give c1 spcond 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 approXlmate 
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 
screens the average height ot the bullet-marks of four rifles, 
I worked out the estimated 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 so very close in two instances I take to be a mere 

N 
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It fluke;" but in the other two I consider the differen.:le \would 
ha.ve been less, except for some divergences of the lJullets 
&rising from -their contact with previous paper screens. 

Now, it must be admitted that the above-mentioned process 
of multiplying and squaring fractions is rather troublesome; 
and so is that of finding out the distance 'Jf the highes~ point 
of the trajectory from the muzzle of the gun. But very 
similar 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 fraction for every additional 
50 yards. 

To find the height of the trajectory at this highest point{.t 
multiply the drop in the full range by the fraction '28, if the 
range is 100 yards, and add '01 to the fraction for every. 
additional nO yards. 

The respective multiples will thus be as follows: 
Greatest Height of Trajectory. 

Length of Muitiple of 
Range. Distance. 

MultipJoe or' 

100 yards .......................... '52 ......................... . 
150 " ...... ....... ...... .. ... '53 ..... .. .................. .. 
200 " ........................... '54 ...................... .. 
250 " .................. ........ '55 .......................... . 
300 " ......................... '56 ......................... .. 
350 " ................... ....... '57 ...................... .. . .. 
400 " ....... ............ .... .. '58 ........................ .. 
450 " ............... ........... '59 .......................... . 
500 " .......................... '60 ......................... .. 

Drop. 
'28 
'29 
'30 
'31 
'32 
'33 
'34 
'35 
-36 

These will apply approximately to all express rifles; but 
fight bullets with very high velocities are slightly undel'­
~st.imated at short ranges and over-estimated at long ranges, 
ani vice versa with heavy bullets and low velocities. Thus, 
taking 150 yards as the range, and multiplying it by '58, 
we get 79'5 yards as the highest poiItt 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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»0000. velocity. We can meet extreme eases, however (if 
thought nocassary), by taking the next point higher or lower i 
for, if we multiply 150 by '54 instea.d of '53, we get 81, which 
is just about the highest point 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 '30 and get 1l·4in. as the greate~t 
height of trajectory; and this is sufficiently correct. In 
500 yards, the result would be too high. 

EFFECT OF TEMPERATURE AJJD 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 faU in the 
barometer alont> taken into account. Professor Bashforth's 
tables, lately gIven, are calculated on the supposition that the 
welght of a CUbIC foot of rur is 534'22 grams, 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 30", the weight of tht> air is increased or 
diminished, and the weight IS further affected by the ",mount 
of moisture. If one takes mto consideratIOn nothing more 
than the rise or fall in tho barometer (as may be done with 
the ordinary run of mild EnglIsh weather), the co-efficient of 

resistance (or~) need only be multiphed by the height of the 

barometer, and ruvided by 30, and the rest of the calculation 
be worked on this basis. If, however, you wish to take 
Wmperature and moisturb also into account, then it is neces­
$ary to ascertain the weight of a cubio-foot of the air in which 
the experiment is carried on, and for that purpose recolirse 
must be had to meMorological tables, such as Mr. Glaisher's, 
if strict accuracy is required; but a close approximation may 
be obtained by means of the table here given, which win 

N 2 
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suffice for all practical purposes, and render unnecesBary the 
reprinting of longer tables and giving an explanation of their 
m.ode of use, This table, and the remarks appended thereto, 
a:r:e 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, 

I:! Mean change of .Ii Weight per weil(ht for each Mean change of Mean decrp.&se 01 

J cubic feet of air J\ mch ('hange wewht for weIght WIth 
each d 'grce of humidIty at .atura-In grains In Might of temperature tion (=100), Rarometor 

--- ----
Grams, Grams Grains 

-300 647 
-200 e33 2'1 1'4 
_100 619 2'1 1'4 0'10 

00 605 2'0 1'4 020 
100 592 2'0 1'3 0'35 
200 579 1'9 1'3 0'53 
30n 567 1'9 1'2 0'76 
400 555 1'8 1'2 1'03 
50° 544 1-8 1'2 1'42 
600 532 1-8 1'2 196 
70° 521 1'7 12 266 
800 509 1'7 1'2 360 
00° 497 ]'7 1'2 483 

1000 485 1'6 1'2 650 
1100 473 1-6 ]'2 8'32 

"It is seen from tho above that an average change of 15'50 of 
temperature is equivalent to one inch height of barometer. At 
or near -sea-level the changes of barometer rarely exceed two.tenths 
(1)'2) 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 
tha.t the probable limits of changes of barometer affect the weight 
of air so slightly that it may ordinarily be considered as at a 
heigbt 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 difierent seasons from below 
zero to more than 1000 above, efiects marked changes in the weight 
of air, and may not be neglected. It is seen that the weight 
decreases with rise of temperature. 

At Ft. Keogh, Montana, the temperature ranged from -27" in 
February, 1882, to 1090 in August, 181;2, It variation of 136°, 
giving a difierence of weight of air of 161grs. 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 tem}*rature, that ordinarily 
no great error will result if the weight of the air is taken 
for a condition of 66t per cent. for saturation. It will be 
seen this element decreases the weight most at the higher 
temperatures." 

Fortunately, in these islands we do not rUll to such extremes 
as 109° in summer and 27° below zero in winter; and there­
fore we shall not require to make allowance for temp{Jrature 
and moisture to the full extent mentioned III the above table. 
As this table is calculated for an amount of moisture equal to 
two-thirds (or 661 per cent.) of saturation, and our tempera­
tUrDS do not usually go to great extremes, we will leave 
moisture out of consideration, and merely pay attention to the 
barometer and thermometer. Supposing, 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 it; 1 inch below 30, we deduct also ten times 
1'8, as shown in the third column, and consequontly get 
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 
w 

520 and divided by 534'22, and the result used as the basis 
for calculation of the experiments carried out under this con­
dition of the atmosphere. 
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Lieut. Zalinski's paper also contains a number of .cr4.onla­
tions on the effect of temperature on air-resistanc!!l, but as 
they a.pply almost exclusively to the American mllitary' rifle, 
it has not been thought necessary to quote them here. .A. 
second paper, in continuation of the subject, was anmounoed, 
but I not know whether it has been published. Other ~icles, 
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, thl\t 
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 tableR would 
be useless, as the amount of air-resistance with spherical shot 
is entirely different at all velocities. It would occupy too 
much space to insert here another set of tables similar in 
dimensions to thnse just given, and anyone who wighes to 
have recourse to them m~st therefore be referred ~ther to 
Professor Bash£orth's treatise, or to the blue-book containing 
his first report, already alluded to. But a few particulars, 
from notfis 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 large-bores shot a.t the 
ii'ield trial of 1883. 

In his book on the {I Sporting Rifle," alrf'ady alluded to on 
page 9, Capt. Forsyth gave the trajectory of a ~4-bore rifle 
which had much pleased him. Its Hpoint-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 
was given as follows: 

26ytls. 

l4.bore .................. lin. 
IiOyds. 

2tin. 
76yds. lOOyds. 

2iin. ...... 0 

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

It may be as well, however, first to insert Capt. Foz:syth's 
definition of U point-blank range." He says (the italics are 
hls own): "I define the point-blank of the sporting .ritle to 
be, that distance up to which a shot may be taken at any object 
without allowing anything for tlw 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 actual 
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 t inch above the lin!'J of sight 
at mid-range without allowing for fall. 

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

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

100 YARDS. 

4drs ..... . 
5drs ....... .. 
6drs ....... . 
7drs ........ .. 

2l5yds. 

Hin. 
1'7 
1'8 
1'9 

[jOyd. 

.... ' Hin. 

.. . -2'0 

...... 2'4 

.. .. , 2i) 

7~yd8. 

-O·7in. 
0'6 
1'6 
2'1 

lOOyds, 

.. ... -5'3in . 

. ... -30 
.. .... -1'0 

o 

With the same elevatiol.l) 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 bul1e~s. If, however, t1;te elevation be increased, 
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80 as to make each bullet strike on the line of aim at 100 
yards, the trajectory is highest with the slowest buUet, as 
about one-fourth of the former drop below the line is now 
added tl) 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. 
2Ilyd •. vOydB. 75y(lB. .1OOydB. 

4d'rs. ............... 2·9in. 4·2in. 3·4in . 0 
Mrs. ............... 2'4 3'5 2'8 0 
6drs. ............... 2'0 2'9 2'4 0 
7drs. ....... ....... 1'8 2'6 2'1 0 

Tho trajectory of Capt. Forsyth's rifle would thus be inter­
mediate between the last two on the list, except as regards 
the 25 yards, which appears to be very low as compared with 
the figures just given; but these calculations of Messrs. If 
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 f:rom 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 all inch, this 
would lower the trajectory by ~in. at 25 yards, .g.in. at 50 yards, 
and kin. at 7;) yards. This would bring them much nearer 
together; and possibly some little further difference may have 
been caused by the bullet striking several paper screens in 
suc~cession, as such appears to have been the case wlth the 
Nper screens used at the Putney trials. 

The trajectories of the larger rifles in Messrs. Holland's 
tl-l.al 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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TRA.JECTORIES OF THE LA.RGE·BORES. 

2~yd. ~Oyd8 7Dyd •• IOOyds. 
lO.bore, 8drs ...... l·9in. 2·7in. 2·2in. 0 
8·bore, 9drs. ... 2'0 2'9 2'3 0 
Ditto, 10drs. ...... 1-8 2'5 2'1 0 
4.bore, 14drs .... 1'7 2'4 1'9 0 

With regard to the ({ point-blank raDge," I 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 a. drop of about Bin., and the trajectory 
would be very similar tv that of the 4-bore 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 lO-bore and 8-bore (with lOdrH.) would 
be about 93 yards, and the 4·-bore about 97. With the 
Express rifle, hvwever, as the bullet loses its velocity less 
rapidly, and tho trajectory is consequently flatter, the time 
limit Deed not be so short. 

III makin/! use of the term ({ point-blank," in the foregoing 
remarks, I do so in consideration of the fact that it is com­
monly used by sportsmen, and in order tv 3how in what sense 
it is employed by an acknowledged authority on sporting 
rifles. Capt. Porsyth'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! Geneml Lefroy recommended, some years ago, that 
the use of the term :;,hould be abandoned; and such has been 
done of late in mIlitary books. 

TRAJECTORY OF MATCH RIFLES. 

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 originally l\ppeareu in the New iYorl 
Spirit of the Times of .A.pril13, 1878. 

TRAJECTORY OF THE MODERN MATCH RIFLE. 
By w. E. METFORD, C.E. 

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

When the use of a solid. bolt in the place of a short conoidal 
bullet, and about 2i diameters,was introduced, gunners began to 
get to ranges which naturally brought the question of trajectory 
prominently forward. Since then Sir Joseph Whitworth increased 
the length of the rifle bullet to nearly its })resent amount, and it 
:appears that gunners have now arrived to 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 
is being performed; and it is with the trajectory of this bullet, 
therefore, that the writer will deal. 

Before, however, entering into the trajeetory 'of the present 
bullet, it may be as well to point out that., even with su~h 
trajectories as given by the old English Enfield musket, there was 
none of that very rapid sharpening of the curve of the traject.ory 
which it has been t.he fashion of writers to pourtray in their hooks; 
for instance, the Enfield, when loaded wit.h the cartridges hest 
adapted to it, had its culminating point hut 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, with the very best fresh 
cartridges, as follows ;-

600 yds., 1 foot in about 27 feet. I 900 yds., 1 foot in about 13t feet. 
700 ,,1 " 20i-" 1 000 ,,1 ,,' 11 ,. 
8.0.0 ,,1 " 16!-" . 

And its angles were, with such cartridges, as follows ;-

''''1\.0.0 yards, a.bout ......... 12' 9" 600 yards, about ......... 10 4.0' 3" 
21).0 27' 2" 70.0 " ......... 20 3' 4" 
30.0" 42' 9" 800 " ......... 20 29' .0" 
4.0.0 " ""."" 10 .0' 2" 900 ......... 20 57' 2" 
5.0.0 " '"'''''' 10 19' 2" 100.0 ......... 30 28' 4" 

and this trajectory ~aa produced with a bluff, ahort wood. 
plugged bullet of 530 grains and 70 grains of powder, and ha.ving 
a. computed initial speed of about 1160 feet per second. 
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The match rifle-which the writer takes to be the fullest expres­
sion of It 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 ro that 
of the inclination of the hullet's path in its issue from the rifie's 
muzzle; and, secondly, to point out that tho curve of the bullet's 
path would be a parabola of which the apex would be the hali-way 
point. Now, when the curve happens to be a very short piece of a 
very fiat parabola, it may be held to be, for alll)ractical_ purposes, 
equal to a short piece of a very large circle:t and. again, for curves 
where the heIght of the trajectory bears a small pro})ortion to the 
length of the arc, it may be taken as suffiCIently correct that the 
distance round thu arc is equal to the length of the straight qr eye 
line. For instance, the dIfference, as comlmted, is about a foot, 
with the fiat curves of the modern rtfles, for the 1000 yards range. 

If the above positIOns be granted, then, where there is no a.ir 
existing, wo may usc the problem of Euclid III. XX., which 
indirectly proves that equal portions of a circular curve will give 
angles equal to each other from any pm"tion on the curve itself. 
For example, to put the point into a practICal form, let 11 man, on a 
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 I:lct out, with the aid of assistants. 
a truly straight line for 1000 yards, at each 100 yards let him, 
drive in a peg truly m the linr. Let him thrn sct off from this 
line any given angle, such as, say Bt', by the aid of the instrument, 
and get his assistants to measure out 100 yards alongside the 

--- - - --- -----------
tI With the Hazard powder (Amtncan) about 106 grs. are required k, a.tta.in 

this speed. 
t In the ascellt to its culmiLating point the bnllet would lose speed, but this 

IORS would be GX8lCtly balanced by the gam in the descent from this hJgb~ point. 
of the trajectory. In cases snch as the modern nile's bullets glve, tln8101111 and 
".m ma.y be, for the ranges ill nse, sa.fely Ignored. The writer will, throughout 
this article, a.t\suxne the 1 O~O yards to be a. true plane. 

t In all that concerns the curves here trlo8o\ed of they would coincide within 
lIome fractious of an inch. 
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straight line already laid out; let Q polo be ranged by the aid 'of 
the cross wires in the telellcope of the theodolite at thiB 100 yards 
a.nd 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 Bt', or in toto 17' of angle, be set 
off, and another 100 yards measured and poled (this would be a. 
position of 3St inches from the second peg on the str!tight line), 
and so proceed, adding the 8t' each time to the angle and putting 
up a pole, and so on to 1000 yards. The operator would 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 
<>f tij.e arc, that the distance would be 999t yards, that is if the 
measurements were made throughout with such an un stretchable 
thing as a steel tape, and all very ea,refully indeed; and he would 
also have the natural curve that a match rifle bullet would make if 
the curve could be put in a horizontal position, and if the bullet 
had been projected into a vacuum. If this is the case, then tl;j 
actual difference or angle hetween 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 
pitch. For instance, the writer finds, as already stated, that where 
the speod is 1400 feet per second, and where about 8~' of angle 
would in vacuo be the angle of elevation for 100 yards, and 
8t' x 10' would be the angle for 1000 yards, the radius of such a 
curve would be 20,222 yards, or llt miles, whereas, as matters 
stand, the radius (,f any part of the actual curve would be: 

At 50 yds. (or the mean between 0 yds. and 100 yds.), about 18,600 yds. 
At 150 ............................................................... 16,000 
At 250 ................................ , '" ......... .............. '" 14,040 
At 350 ....... . .. . .... , .... . ...................... . .... . ........... 12,510 
At 450 ...... . ........... .. ....................... .. ............... 11,270 
At 550 ......................................................... ...... 10,260 
At 650 ... ......... ..... ...... .. . ...... ...... ...... ... .. .. .. . ... . .... 9,420 
At 750 ........................ .......... .. ..................... ...... 8,700 
At '850 ............... ...... ............ ............................. 8,090 
At 950 .................. ............... .. . ......... ...... ...... ...... 7,560 
At 1050" .. .......... ........................... ............ ........... 7,090 

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 arbitrary 
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, whatevcr the distance between the 
sights might happen to be, the diVIding of the scale should be 
such that, first, it should invariably give but onl') 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, ()f course, giving up a simple value per 
inch, as, for example, the one-hundreth of an inch, or one inch, and 
also involvpd 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 that 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. . 

It has been the custom for gunners to ascertain their trajectories 
by erecting screens, covered with tissue paper, at intervals along 
the track of the bulh,t. This method, available without much 
trouble for short la,ngeB, 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, hut ahlo 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, ,)ither with a good theodolite, or 
even with the rifle sights themse1ves, with the rifle laid horizontally 

• The circles of all allg1e-taking instruments, ~s is well known, are divided 
into 360 degt'ees, and eooh degree into 60 minutes, which would give 21,600 
minutes for the whole Circle. The'value is given in minutes, as, for small 
angle&, it is sometimes preferred to have their values stated in minutes, instead 
of degrees and minutes. For Instance, the 1000 yard angle can be exprelsed in 
degrees and minutes-thuB, 2° 15', or in minutes alone, 135', 
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------------------------------~----------------
aD:d )'igidly fixed. He may do exactly M the writer has a;trea.dy 
pourtrayed, except that, instead of &ettil.lg off st', he sei.s qff the 
tAble at angles of his rdle. He will thus have his trajec-..ory laid 
iia.t on the turf. He can ascertain the trajectory by actual mea.sure· 
ment, for any range and at any part of the range. He ca.n, 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 ya.rds 
are available, a.nd multiply hit; values by twice, three, four, ten, or 
twelve times, as may be, to procure actual values; and with rega.rd 
to, say, a. twelfth scale, there is the convemence that the operator 
-could layout the entire curve In less than 100 yards; and, with his 
offset rod divided to Inches and twelfths, he would be able, withont 
much walking, to ascertaIn hIS values at once, substItuting feet for 
inches. 

If, however, a gunner desires to ascertain hIS trajectory heights 
by computatIOn-and of course thIS IS the most accurate a.nd 
quickest method, for he will escape thE' chanpe of errors In setting 
the hnes out (a process reqmnng care and skIll)-he will proceed 
thus: Let It be supposed that the nfleman desIrelil to ascertain the 
path the bullet makes for 1000 yards. The zero of the scale 
of his rear SIghts, wVIded to degrees and mInutes of the great 
circle, has been ascertamed to be correct, by shootIng at, say, 
12 yards,'" with the V erlller at zero, and seelllg that the bullet 
-centre IS just as much below the centre of the small dot he shoots 
at, as the eye hne IS above the ans of bore, plus the one-eIghth of 
an Inch whIch must be added for graVIty pull actmg durmg the 
time the bullet IS travellmg the 12 yards. Let hIS rIfle, under this 
<condItIOn, be assumed to give the following angles : 

100 yards 9' 600 ya.rds 1° 09' or 69' 
200 19' 700 1° 24' " 84' 
800 

" 30' 800 
" 1° 40' " 100' 

400 42' 900 
" 1° 57' " 117' 

500 
" 

55' 1000 2° 15' " 135' 

Now, when shootmg at 1000 yards, the bore of t;he rifle, at the 
instant the bullet is passing the muzzle, WIll havt: to pOInt at an 
angle of 2° 11)' (some persons prefer to omIt the use of degrees, and 
1'IY'..ord the angles in minu,tes only), or 135' above the cl:lntre of the 
buH'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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lit required to compute the heights of the trajectory for evei-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 differenoe already 
referred to, caused by the eye 1itw and the bore lip.e 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' aboTe 
the eye line. .And because at 100 yards I' equals 0'0878 of 0Jle 

foot,t therefore 0'0873 x 126 ft., which equals 10'99 ft., is the 
l1eight the bullet passes at 100 yards above the eye line. 

To repeat the process, substituting the different distances along 
the rangc@ for the 100 yards :-

Yards. Foot. 'flmes. Foot. 
200 ........ ... .. ........ 135' 19' )( 0'0873 x 2 -20'2 
300 .......... ........... 135' 30' x 0'0873 x 3 - 28'1 
400 ..................... 135' 42' x' 0'0873 x 4 = 32'4-
500 ..................... 135' 55~ x 0'0873 x 5 34'9 
600 ............ ......... 13.5' 69' x 0'0873 x 6 34'5 
700 ............ ' .... .... 135' 84' x 0'0873 x 7 31-1 
800 .......... ........... 135' 100' x 0'0873 x 8 24'4 
900 ....... .............. 135' 117' x 0'0873 x 9 14"1 

1000 ......... ............ 135' - 135' x 0'0873 x 10 0'0 

.. To be very ",ccurate, to these a.ngles should be added the angular value 
which the fact of the eye line being above the bora line demands, Thill would 
·give for 100 yards 9' + about I', for 200 yards, 19' + l', and for 800 yards 
30' + *', and so on. 

t Should the computer prefer the values to be in inohea, he would havo to 
substitute l'0472in. for 0'0873ft" for the va.lue of I' of a.n.gle at 100 yards. It 
has been already stated there are 21,600' in the circle; the value of l'0472in" or 
0·08.73ft. is, therafore, computed as follows: What is the value of I' of angle at 
100 yards in actual meas1]Xement P There are 21,600' in the oirole, and the 
radius is 100 ya.rds; all, therefore, that has to be done is to find the feet moo..ure· 
Dlent of the circumference of this 001'016, and divide by 21,600. 1'he ratio of 
eircle and radius being 6'2832, these last figuros of the ratio must be multiplied 
by 100. This equals 628'32 yards or 1884'96ft., and is the length of the oirolil 
'round; and 1884'9& + 21·,600' =0·08726ft. per I', &0., and if inohes are preferred, 
then these la'Iit figares multiplied by 12 will give the value of I' of angle,oriD . 
inohes 1'0472 nearly. Call it, when feet are required, 0'0873, and when il:I.o~ 
are required 1'047. . Of course, unluiI'I great acouracy is required, 0'087 and 1.·01i 
will give olose l'eaults, 

For rough N!Uputation, lin. for I' at 100 yards will be sufficiently near to rive, 
'l'e8ults. To be accura.te, lin, equa.ls I' at 91;'49 yards. The same values .OU be 
:OOll1pll.ted with a, table of sincs. And here it is as well to bring to the reoolleotion 
-of those who 8J'(\ oonversant with such ta.bles that, for small arcs, S8.y to 4°. it 

-ls!8.y be reokoned with perfeot safety that the arcs can be practically taken tw' 
.~ to either the ohord, Iline, or tangent. . 
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Here the last column will represent the exact heights Qf 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 hetween 500 and 600 yards, and pnbably 
between 500 and 550 yards. It shall be assumed that 540 yards 
will be the place. Now the angle for 540 yards must be comp1lted. 
At 500 yards it is 55', and at 600 yards it is 69', or a difference of 
14'. It is not strictly correct to divide proportiouately by the 
distance, but as it only involves an error of ,me-eighth I)f a minute 
at the half way, it may be done without fear. If this be done, tlkl 
angle at 540 yards will he 60' 6", say 60' 5", which is really more 
correct. Thus, for 540 yards, 135'- 60' 5" x the 0·08'73 x 5·4 
times = 35·073 foot. The questIOn now comes, i" thiS the highest 
point; if not, which side of 540 yards ;s it P The thing, 
therefore, will be to try one side of 540. Let 535 yards be taken. 
For this distance 59'·9 will be the angle. Then for 535 yards it 
will be 135'- 59'·9 X 0·0873 x 5·35 times = 35·0758 feet. 

Clearly this is a very small tnfle higher than 35·073 feet, and 
thus the point is between 535 yards and 540 yards, and probably 
near enough for general purposes. t If it should he desired to 
determine it closer, each yard could he computcd-actually the place 
is between 535 and 536 yards-thus the entire trajectory values, 
yard by yard, if necessary, can be computed from the sight 
elevations with an ac('uracy and a certainty far surpassing screen 
experiments, which ar'l subjf'ct to the variations of each shot, as 
well as to the drawbacks already mentioned, and also with a 
freedom from the errors 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 sGale, 
as it were before the pyes, at one single gr~sp ; but, excepting this, 

• It will eaSIly be understood that If it be desIrod to compute th) heIghts for 
.. ny other trajeotory, as, say, for 600 yards, all tha.t is necessary wlll be to 
Bubiltltllte for 135' the 600 y .. rds angle of 69'. 

t To gIve an idea of the flatness of the curves, this shor~ tablo is appended: 
534 yards 35'07552 537 yards 35·07571 539 yards 35'07456 
535 yards 35 07583 538 yards 35'07523 540 yards 35'07364 
536 yards 3507589 

From this it will be Been how many figures of decimals It requires to deteot 
the exaot point. 



~ealcula,tion is by fa.r the better plan where very accumte va.luea are 
requiretl.· 

With regard t.o the computations, it will be seen that simple 
&,rithmetic is sufficient to insure perfect results, and those who are 
(looversant With that very siml!le thmg, the slide rule, may get 
close enough results to serve every common purpose. 

With regard to the table of angles and theit method of con. 
struction, the first thing the writer has always done IS to shoot his 
rifle at 12 yards (a mere convenience as regards the dIstance-.the 
I' of angle at that distance is one-eighth of an mch, whlCh all foot 
rules gtve.) He shoots at a row of dots, say five, first one shot. 
with the Sight at a guess position-the SIght not being dIVIded. 
The shot ought to strIke the difference between the axis of bore 
and the eyf', or Sight line, plus the dr()P by gravity, which 18 an. 
eighth of an mch for twelve yards, when th~ speed IS about 
1400 feet per second. If it does not stnke this much below the 
dot-and the (,hances are It Will not-theD the error between the 
place where the bullet should stnke, and where it actually does, is 
measured m eighths; and as eighths are equal to mInutes, the shde 
carryIng the aperture is screwed up or down, as the case requires, 
the number of mmutes wanted to make the bullet strIke where 
it should-whlCh can be done by compasses stepping off the 
amount from an already diVIded slght borrowed f1'o;o:.l a SImilar 
rifle. After a shut or two to venfy, a pencil hne is struck 
a.cross, and the divisIOns and "Vel'lJ.lcr ('ut. The VerDler should 
have the power of shifting 10' or more. The llfleman will verify 
the truth of the Vernier posItion, of course. With the sight so set, 
the rifleman shoots m all weathers at enough ranges along the 100() 
yards to enable hIm to gM; the angles on whlch he may eventually 
'base hIS tables. 200, 500, 800, 900, and 1000 yards would be 
enough. If pOlisible, say ten shots at each range should be made 
in one da.y. Now, it is clear, from what has been said, tha.t as the 

• 'bullet fues along, the resiS'tanoe of the all' checks Its speed, and, 
therefore, gtves more and more time than tf there was a vacuum 
for gravity to act. The curve must therefore get coarser and 
eoarser, and the a.ngle mor~ full, for every hundred yards; and that 

,. Any man a.ocustomed til> make very 8AlCI11'8.te draWIngs could plot the ctt.n'e , 
but it w{luld be better to plot It from the caICl1la.ted heIghts than to depend on 
e'f'et.l the very belt protra.ctor--the a.nglee &118 too fine. A soale of 100 1&ra. to 
~ fOO\ using & 30 soale, would be found ClOIlVeD.lent. 

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

'l'his increase, too, will depend for its value not only on the mass, 
but on the proportiou of the diameter to the length of the bullot, 
&c., 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 augle, 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 d'Ie to air 
l'esi!!tance increasing the time gravity has to act, will fairly fit the 
mean of observation throughout. 

Now iLiA a.ngle 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 time2)* and reducing it to angular value. At 
the best speed it comes out that it is over 8'-call it 8'; and, as theoJ 
retardation equals, the writer finds, all but 1', this makes 9'. 

And thus the scale is built as follows :-

YaTds. DiU. DiU. Yards. Dil!'. DII!'. 
0 ............ 0' 700 . .... .. .. 1° 24' 15' I' 

100 ......... .. 9' 9' ROO . .. ........ e40' 16' I' 
200 ...... ..... 19' 10' l' 900 .. ......... 1° 57' 17' l' 
300 ............ 30' 11' l' 1000 . ........... 2° 15' 18' l' 
400 ....... .... 42' 12' l' 1100 . .. ........ 2° 34' 19' l' 
500 ............ 55' 13' l' 1200 ••••• ~. I •••• 2° 54' 20' I' 
GOO ........ . , 1° 0' 14' l' 

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, tvo, some 
slight difference in rifles, and in muzzle-loaders especially, when a 
large nipllle-hole will let more gas escape than usual. Powder, 
again, varies a rifle. 

>It Fall equals 193 inches x squ.a.re of time. Pra.cticaUy applied it would be 
so. Say 1420 feet por second initial speed of bnllet, what is tho fa.l.l duo to 
gravity ILt 100 yard.? 100 yards = 300 feet; then as 1420 foot i~ to 300 feet, 
80 is 1 second of time to 0'2113 nearly sellonds of time; that is, this bullet 
would, in vacuo, have paBsed over the 100 yards in 0'2113 seconds. '2113 x 
-2113 = '04463, etc., and that mUltiplied by 193 = 8'614 inches, which at 100 yards 
lIill, at 1'047 inches to the minute, give 8'22 minutes. 
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They are !ts follows: 

Yard •. A Dill'. B Dill'. 0 Dill'. 

100 ......... 9' 9!' ......... 9i' 
200 ......... 19' 10' 19t' lot' ......... 20' lOA' 
300 ......... 30' 11' ........ 30t' 11!' ......... 311' 11t' 
400 ......... 42' 12' ......... 43' 12!' ......... 44' 12i' 
500 00' ..... 55' 13' ......... .56!, 13t' . ....... 57l' 13i' 
600 ......... 1° 9' 14' ......... 1° 101' 14!' . ........ 1° 12' 141' 
700 ......... 1° 24' 15' 00. ..... 1° 25£' 15!, 00 • . .... 1° 27i' 151' 
800 ........ 1° 40' 16' 00. ..... 1° 42' 16!' . ........ 1° 44' 16t' 
900 ......... 1° 57' 17' ......... 1° 59i' 17i' . ........ 2° It' 17i' 

1000 ......... 2° 15' 18' . ....... 2° 171-' 18!' 00 • ..... 2° 20' 18i' 
1100 ......... 2° 34' 19' ......... 2° 36t' 19f . ........ 2° 39i' 191' 
1200 ......... 2° 54' 20' ........ 2° 57' 201' .. ....... 3° 0' 20r' 

The writer here points out that, in the construction of the scales 
B. and C., properly the value I' should alone be altered if it be the 
alteration of air resistance only which is the ca.use of the alteration 
of elevation for the same range; whereas he has kept to the I' 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 alteraiiont in the initial 
speed of a trifling altll)Unt, and still no error of any practical value 
for such rang('s as [LTC shot at would arise. In fact, the value of 
the 1', slightly too favourabl<' for B. and C., would balance, for 
t.hese ranges, the error introduced into the spelld. 

There is a fw ther item in this inter{'sting branch of gunnery to 
be considered, and that is the lot:!s 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 none 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 move· 
ment, will, as it fjj,lls, pack the air unller it, and so disturb before 
it actually gets to it, whereas a body,with a forward movement, such 
as a rifle bullet, will enter into l'ew and therefore undiEjtv.rhE!d air. 

The writer's ballilltic pendulum ttDforlunately has always been in 
a position not ~ be available for the actual values to be asccr • 

.. Soal'l A.. is again enterei, 80 that the differenc!:, ma.y be seen without a. back 
~eferenoe. 

t Such an alteration of spaed ca.n, indeed, occur. 
o 2 
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i&in~d; he hopes, however, to be able to rearrange its I'ositj,on, and 
8IeOOmplish this, but he computes that, taking the A. ~able of­
bgles as a basis, and about 1400 feet per second as the initial 
.peed, as it in fact is, the loss of speed will be represented by the 
following table, as calculated from those angles. Nevertheless thi. 
must be said, that it is a computation alone, and on a certain 
assumption which involves a possibility of error. 

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

Dist&nce Velocity I Dlstanoe Velocity· o yards, 1400 feet initIal speed. 600 ya.~d8, 822 feet initial speed. 
100 ,,1255 " 700 ,,769 " 
200 ,,1136 " 800 ,,723 " 
800 ,,1037 " 900 ,,682 " 
400 ,,954 " 1000 ,,4)45 " 
500 ,,883 " 11 00 ,,611 " 

There is a very a,pparen~ disagreement between two statement, 
D)ade in this paper, the <One being that the highest part of the 
trajectory is not greatly over the half way, and the other that the 
SpEled 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 
t,he 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 pointmg 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. 

As 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 certaiuly keeps tangential to the trajectory curve, or 

"so nearly so as to be considered tangputial. This fact he has :many 
years 'flin& ascertained by direct experiment, and this has since 
been verified by the Woolwich gunners, by t'umining the position 
of, the six hundred pounder projeotiles in their flight. 

• Ill. this ta.ble deoimals ha.ve been OInitted, a.nd the nearest foot the'ilalonJa. 
>lions gi've, taken. The suings of decimals were intermina.ble. 



!tia rather beside the present position of the losa of initia.l spee<t 
~(tbe mawltbullet to give tables of the 10sa of such speed in other 
'bulleta, but it may exemplify the massiveneSB of the air resistance 
'.tointroduce two tables, computed from actual pendulum ex~ri. 
lr,lents with Express bullets. 

uo gra.lns powder, Ourtis & Harvey, 
309 grain. bullet, '461 diameter, 

Initial Speed 
~ arde. In Feet. 

o ..... "................. 1913 
25 ................. "..... 1783 
50 .. " .... " .............. 1673 
75 ........... .. .......... 15'78 

100 ........................ 1474 
125 .. .. .. .. ... .. ........... 141f> 
150 .... . .. .. ... ...... ...... 1347 
175 ...... ...... ............ 1280 
200 .................. ...... 1217 

110 g .... InR powder, Ourtls & Bam1. 
366 grains bullet, '4lil dla.metA>r. 

Initial Speed 
Yarde. In Feet. 

o ............ ............ 1765 
25 ........................ 1674 
50 .................. ,.:... 1592 
75 ...... ...... ............ 1518 

100 .. ".................... 144.9 
........ ".............. 1384 125 

150 
175 

............... ......... 1828 

............ .. .......... 1276 
. 200 ......... ......... ...... 1228 

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

ApPENDIX. 

It may be interesting to those engaged in gunnery to examine 
the following table, which the writer has drawn up for his genera.l 
guid8.nce. 

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 saund for a.ll USlua! 

.. small arm work, that is, for bores varying very largely, and of the 
usual length, and also for charges varying very largely. In t~ 
length caSe about eighty. times the diameter of bore has hee~ 
taken: where there is a shorter length a little loss of force wUl 
,obtain, a.nd vice versa. . .<;. 

In fact, it is a very good general table for breech.loaders,·a.n~ 
,rather too favourable for muzzle loaders, say about 25 feet ~f 
·.second. . .' , 

Lead: Powder. VelocIty. 
2 ......... l' ..... 1 ... 2260 
2* ......... 1 ......... 2000 
3 ......... 1 ......... 1850 
3t ......... 1 ......... 1750 

LeILd. Powder. VlIloclty. 
5, ......... 1 .. " ..... 1479 
fI .. : ...... 1 ......... 1425 
6~ ......... 1 7 ........ 1374 
7 ......... 1 ......... 1826: 

40 ......... 1 ........ 1670 
40* ......... 1 .......... 1600 

7j- ......... 1 .... , ...... 1281) 
8 ...... : .. 1 .... ' ..... 1284 

J) ......... 1 ......... 1587 
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There is a curious anomaly worth melJ.til)ning in relation to the 
zero of rifles. It is thiS', that if a thoroughly accumtely.made 
pin.hole plug be entered into the breec'\1 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 its 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 betwecn the two lines, instpad of 
there being only about the inch the eye line is ahove the bore line. 

It happens in all rifles, more or less, 'and in ~iffes with the long 
fore.end, such as military rilies, the removing the fore. end increases 
the amount considerably. 

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

The best way to devplop this fact is to shoot at such a distance 
ItS not to mix up the gravity pull with it, say at 25 yards, wheIl.l 
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 jprk of recoil 
being given (It is like a sharp blow to the rifle, as it happens in 
less than "60th of a second), the rifle, instead of a true recoil, has 
imparted to it such a motion as eventually CltUSes the muzzle t(} 
jerk up, but of which the first result is to set up a distinf't bend of 
the barrel itself, actually forcing the muzzle d011)n below its original 
line. . 

It happens that at just. about this mOlllent thc bullet passes the 
muzzle, and so it strikes lowlJr on thc targct than if there had been 
no surh action. In fact, it is similar to the action of a fishing.rod, 
which, if watched while a " strike" is being made, will exhibit, some 
way three. quarters up, a 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 ill 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 don~ to improve them under the 
terms of t'he weights and charges ubCd. 

No doubL 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 s('coud, but this only 
because these rifles are" a little bit longer-a littlp bit broader-a 
little bit deeper "-than the usual mateh rifle, which rpquires about 
6to 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 Yd.rds, uuder its very best con· 
ditions, gave 3tO, and with common cartridges 3io. 

The writer's own angles, in 1852, at that rangp, were worse. 
General Jacobs, whose name has been well known in relation to 

long ranges, was satIsfied with very COarSf) angles; and, though the 
writer ('an not at the moment of wnting stute what his [tng-les were 
at 1000 yards, he has found it stated that one of Jacobs' rifles, of 
14~lh. Weight, especially built for 2000 yards range, required 
12° 30' of el'lVatlOn for that range, whereas, as has been just 
stated, even the 100b. match rifle, with its usual charge, only 
requires about 6to. It is I)robahle that the rift,> al)ove r(·ferred. to 
as requiring l::!o 30' for 2000 yards, would demand over 4° for 1000 
yards. 

In conclUSIOn it must be admitted that, in sLudying" that branch 
of gunnery of wInch this paper treats, a very large field of interest 
is opened to the nfleman, which, while It c.1nnot hut make him a 
better markf..man, must vastly increase his grd.sp of the SUbject, and 
his interm,t in its higher branches. 



OHAPTER VII. 

RECOIL. 

THE recoil of the gun appears to me to consist of two distinot 
portions, although closely connected; and, for the sake of 
explioitness, 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 I} certain amount of 
force is generated there can be no movement whatever. As 
soon, however, as the shot begins to move forward, the gtQ1 
(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 markl:ld change. The" mitial recoil" had been 
g~dnally increasing as the shot moved faster and faster np 
the barrel, but now it receives a sudden additional impulse; 
for hitherto the backward prSE"mre of the gas on the breech 
ha'd oetn in great measure counterbalanced by its forward 
pressure on the projectile; but the connterpoise being lost as 
tha shot leaves the barrel, the full force of the gas takes 
effect on the breech, and hem'e it is that the kic7, is so 
sensibly folt. 

During the progress of the shot up the barrel the gas-
...pressure operating on the breech had not been wholly 
el\gaged in producing recoil, because other work had been 
going on which to some extent counteract,ed the tendenoyof 
the breech to move backward. Thus, breech and barrel 
virtually form one whole, the breech being no more able to 
"!~treat without the barrel than the barrel can rUll forward 
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mthout the breech. The force of the gas, however, is 
-exerbed) 130 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 effRct by so muclf of the forward pressure as, 
in the form of friction, IS tending to drIve the barrel forward. 

Besldes this friction, however, which has to be overcome) 
:and the weigh~ 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 all' in the barrel, 
which, espeCially as the shot approaches the muzzle.. must 
(}:lier mu('h 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 sbU in actIOn at the other. 'fhe compressed air is expelled 
trom the barrel, and tllA frlCtional resistance and projectile 
are removed simultaneously; the pte'1snre of the gases being 
thus exerted unchecked upon the breech, gives a strcng 
additIOnal Impulse to the hlow-growlllg lDltml recoil, and the 
movement of the gun culmlllates in the kick. 

Equal muzzle velOCity in shot may be produced by very 
different powders; and that which, by evolving its gases most 
rapidly, exerts greatest pressure. at first, dimIlllshes soonest 
in force as the shot moves up the barrel, and exerts least 
pressure when shot and gun part company. 'fhe quick-blll'll­
iug powder would thus glve ?,reater initial recoil and less kiok. 
The initial ]Jressure agalllst the shoulder, beIng in the natu.re 
of' ~ comparatively slow push, would in many cases probably 
,Dave an effeot similar to that produced by holding the gun 
'With a. very firm grip-the sensatIOn of th.e kick would be' 


