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employed, as in the year 1855 or 1856 Le brought out a riflf' which 
he called the" Express Train," and the word" Express" has since 
been pretty generally used in referring to low-trajectory rifles. I 
would not therefore like to claim the-entire credit of be ng the 
first to introduc(> these rifles, as, if Mr. Purdey was working them 
out at the same time, he is t'ntitled to a, share of the credit. I may 
'say that when I made my experimeuts I had not heard anything 
of Mr. PUl'dey's, and, so frtr as I know, no other maker had brought 
out a similar kind of weapon at that time. 

With rt·gard to the minimum muzzle velocity that should con
stitute a rifle an " Exprcss," I agree with YOll, that it sh'luld not 
be fixed at less than ltiOOft. per second. With the '450 rifle, 
5 drams of powder, and my ordmary Express Lullet, a velocity of 
about 2000ft. is developed, which I think IS about the maximum 
that can be olJt<1ined. 

I do not know whether YOIl will be dl?alir.g with anything but 
sporting rifles, but may just mention that I was ~ery early in the 
field with a long range-rWe. In 181)2 I c'1rried out some experi
ments in presenCI? of the late ~lr. Ellis, M.P., and Capt. Horatio 
R(ts~, at Bells Mills, Edinburgh. Thp rifling which I used was 
three shallow segmented grooves, and the tnals were so satisfactory 
that the results wl?re communiea.ted to the War 0ffi!'e, and in 1853 
the Enfield rifle rifled, on the same principle, was produced. 

5.-By MR. F. OSBORNE. 

If we look back at the sporting rifle for dangerous game about 
and a little before 1870, we may be enabled to realise most of 
the qualifications a perfect Express rifle .;hould have. At the 
period sporting rifles were mostly of larg-e calibre, ranging fr' 
24 to 12 bore as a rule, and constructed to fire either a sphr 
ball with a slow pitch of rifling, or an explosive shell, 
elongated bullet with necessarily a more l"d.p~ spiral. 
systems were found to be unsatisfactory; the forme 
giving a flat trajectory to about 80 yards, require 
be}ond that range, and in the matter of accuracy 
wat' far from perfect. Its killing powers, unless 'USf 

of powder not to be borne in portable rifles, ler 
of the explosive shell-a costly, complicated, 8 

an unsatisfactory arrangement. The elongat, 
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-their quick turn, were much more accurate even at considerable 
distances, and in this had a marked superiority over their rivals, 
but Wflre much inferior to them in the matter of trajectory, 
requiring an elevation for every 50 yards; in killing power, in 
most cases, they were dp,emed inferior to the rifles using the 
Bpherical ball, unless treated in exactly the same way. 

The term" Express," and the kind of rifle to which it applies, 
owe their existence mainly to the descript',Jn of hullet used-a. 
bU,llet so light as to admit of enormous powder charges being 
burnt behind it without producing an unbearable recoil even in 
.easily portable rifles-a bullet that can be used in small calibres 
without "diminishing ito killing power, retaining all the flatness 
of trajectory and accuracy of diagram peculiar to those calibres, 
and yet, on striking the gamE', capable of inflicting the severest 
wound in consequence of its change of fl)rm upon impact, and an 
expansion exceeding in size and laeerating power the old 12-bore 
ball. 

We may here remark that thrse old systems of rifles would have 
been much more effective if their weight could have been increastld ; 
this rather p()ints out the first considE'ration to be attended to in 
defining a model Express rifle-its weight. No Express rifle can be 
worthy of the name as a thorough all-round weapon, combining the 
-greatest destructi~e power with general handiness, that exceeds say 
at most 10lb. Why? Because the military authqrities, after 
immense experience, have concluded that 91b. is sufficient for the 
soldier's rifle; so, taking the average sportsman, his physique and 
his impedimenta, into consideration, the most we can allow is an 
extra pOu~d. This point conceded, we can proceed to dispose of 
1 he remainder by insisting upon the initial velocity of the bullet 

eing not less than 1800ft. per second, more if possible; a rifle 
,t does not approach this, the key of the Express system, places 

e out of the scope of our, investigations. Why? Because 
such a bullet starts at Bl1ch a velocity, or thereabouts, upon 
when fired from the extreme sporting ranges its striking 

ld be s~ impaired as to prevent the complete change of 
') characteristic of the perfectly acting Express bullet. 

')oint to be consid~red is the trajectory. It will be 
wledged by sportsllil:ln that to be relieved in grea.t 

troub!e of judging distance and adjusting sights, 
'alue in the field; no rifle enables us to dispense 

~mt:nts so completely as the Express, and thil 
02 
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only to a. partial extent, and to a motjp.rate range, which may b~ 
taken for its extrb.:'1.e limit as 150 yards. Aliy rifle capable of being 
used a.t all ranges up to that distance with one fixed sight and aim, 
without the vertical deviation from bullet drop seriously impairing 
the Talue of its diagram, must exhibit one of the finest qualities of 
the Express, provided that 110 undue decrease in its destructive 
power, or increase in its recoil, be caused by the means taken to 
obtain this excellent feature in a sporting rifle. 

r may illustrate my views on tho trajectory ')f a typical Express 
rifle when I say that from 50 yards to 150 yards there should not 
be a greater bullet drop than 5in. or thereabouts.· 

As to accuracy of fire, the conditions already E'numerated a.s 
essential to the Express are considerably at variance with those that 
should exist in a rifle intended to give a high degree of accuracy; 
still, for a limited number of shots the I'~xpress rifle is fairly 
accurate. No conditions of sport could ari'3e where any number of 
consecutive shots would require to Le fired; and even with the 
heaviest charge used, seven or eight shots ean be fired in succession 
without a serious amount of error becoming a.pparent. 

My idea of the standard of accuracy necessary to an Express rifle 
is, that it should place its shots in a Sin. circle, or thereabout, from 
the 150 yards range when fired under fairly favourable conditions. 
It !!hould be here noted that by ringin~ the changes on thA 
constituents of the Express system, either the calIbre, weight of 
bullet, charge of powder, &c., rifles can be constructed to give 
special prominence to either one or other of those features whose 
judiciou!l combination result in the production of a perfect arm: 
thus, the power of the rifle may be developed at the expense of its 
recoil, accuracy., and trajectory j or its accuracy may be augmented 
by the sacrifice of a portion of its power, &c. 

To sum up: An Express rifle should be of moderate weif" 
certa.inly not exceeding that of the service rifle by much more 
a. pound. The recoil of the rifle should be measured by th( 
standard. and should not much exceed that of the serv · 
rhe rifle must nre a bullet capable of consi<ferable 
upa.nsion on impact, producing a severe and dangcroUf' 
thould also fire a solid bullet, giving great penetratioI' 
tb.e sighting for which at, Ray, 100 yards should <ig" 
the Express projectile: the initial velocity of 

• Note bI Su- H. Halford: Impossibl' 
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180Oft. per second, or thereabout. The trajectory should not 
ehow a greater bullet drop than Sin., or thpreabout, from 50 to ISO 
yards. The accuI"d.cy should not give a much wider group tha.n 
one of 6in. dia.meter when fired from the 150 yards range. Of 
course, in the matter of trajectory and accuracy we should take a.s 
an illustration the performanc\:l of a Bingle rifle, for obvious reasons; 
though, when perfectly regulated, the double rifle is not so fa.r 
behind the single as may be generally believild. I am aware 
that in some of the figures by whieh I have attempted to illustrate 
the work of an Express rifle, I am somewhat behind the uegree 
of excellence already supposed to be arrived at by some adva.nced 
rifle makers, but I prefer that it should be so. 

6.-By MR. H. HOLLAND.~ 

A minimum of 1600ft. per second initiul l'elocity, and a maximum 
{)f 2000ft., would probably include all kinds of rifles called 
Expresses. The proportion of Po\\ del' to lead required to produce 
these velocities would range from 1 powder to 4 lead for the 
lower velocity, to 1 to 2 for the higher. 

I consider for the ordinary bores, say '450 anu 'SOO, the velocity 
of from 1700ft. to 1800ft. per second is that most likely to give 
the b,;st result~, combining gre!i.t accuracy with flatness of 
tla.j{)ctory. To obtain tlwse results, I use a chaq;e of not less 
than 1 powder to 3 of Jl'ad, with a minimnm of 4dr. IJowder in the 
'450 bore, and 3dr. in the ';.>00 hurl'. With these charges we have 
lJeen able to obtain great accuracy at the lOl1g"f raI'ges, at which 
many Expresses fall off very seriously. 

8ueh a high velocity as 2000ft. per second can only bl'! 
oLtaineu by using very light bullets and very IlCavy chargeS' of 
powder, always at the sacrifice of accuracy and penetrating force. 

There is el)me difficulty in getting a definition of "Express" 
by either initial "lliocity or llroportion of powder to lead, without 
at the sam .. time fixing :1 minimum charge of l)owder. For 
example, if mif'ial velocity only be taken as the standard, a very 
short light bullet, fired with a moderate charge of powder, giving a. 
high initiftl velocity, migh' Le used, which would so rapidly lose 
speed ths.t at 150 yards the j rtll would be so great as to take the 
weapon altogether out of the ExpreRs cla~B. 
-. Tl1eae remarks h~ve been considorably altor-ed-an-a-a-d=-a:-e""Cd:-to-sl:-'T,-oe--th-e-y-w-e-re 
first issued. 
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A chargll of 1 powder to 4 lead is sometimes C'unsidered an 
Express rifle charge. Under certain conditions this may be correct; 
but it cannot be taken as a gauge of an Express unless a minimum 
charge of powder be given at the same time. A low trajectory is 
only one of the desiderata of a satisfactory sporting rifle. I con
sider that the most important features are-(I) accuru.cyof shoot
ing, and killing power; (2) low trajectory; (3) such freedom from 
fouling as will allow of a series of shots being fired without any 
falling off in accuracy. 

1. ACCURACY.-Not only should an Express make a close diagram 
at short ranges, but, if properly constructed, and the bullets and 
charges correctly proportioned, this should be obtained eyen with a 
double-barrelled rifle at 150 and 200 yards. A ~50 deer-stalking 
Express should place a series of ten shots, at any rate, into a 6in. 
square at 150 yards. 

2. TRAJECTORY.-It is pretty generally known that a good 
Express will give a trajectory of about ~lMn. to 4111. up to 150 
yards--which is practically all It sportsman can desire upon thi .. 
point. Complaints are often made that Express rifles shoot high. 
This is frequently the fault of sportsmen themselves, who demand 
the impossIble, viz., a flat trajectory to 200 yards-a demand (lon
stantly being made. The result is, that some makers, to meet thifl 
demand, sight the rifles for these gentlemen with the first sight 
cut to the 200 yards range; consequently they shoot many. inches 
high at those ranges at which perhaps most game is killed, viz., 
from 50 to 100 yards_ I consider that an Express should be 
sighted correctly at 100 yards-certainly not high; as I have always 
been informed by many of the best and most experienced sport!!
men, that a large proportion of the game missed is lost through 
shOoting over the object. Even when a rifle is correctly sighted 
at 100 yards, there is always the risk of the sportsman not 
taking a sufficiently fine sight, or not getting down to the bottom 
of the notch of the back sight, or even of the rifle" jumping" if 
rested upon any hard substance. How much greater, then, iii the 
riflk of this if the rifle is sighted to shoot some inChes high at this 
range! 

3. FREEDOM FROM FOULING.-As to this point, all that is 
required is that the rifle shall not need wiping out, in order to 
keep up its original accuracy, for ten successive shots. 
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REMARKS ON THE ABOVE "OPINIONS ON 
EXPRESS RIFLES." 

By MR. METFORD. 

Regarding the question of what should be reckoned as Express 
speed, I think your 5in. really as good as need be. All I wanted 
to prove was that, by experiment, I got this within fl, fraction of a.n 
inch by 4 lead and 1 powder, which gives about I600ft. 

You see there is (at least to my mind) a real practical value in 
thus making it a ~roportionate affair of powder and lead, for, in 
many matches in India, I believe, there al"C prizes for Expresses; of 
course, Express loaded. Now, if either initial or terminal velocity, 
aI', again, the drop, whether between lOOyds. or I50yds., or from 
initial line, be taken as standard, who is to prove whether Express 
was or was not used? Few people have speed instruments, and the 
amount of wralJgling over drop would be interminable; but any
one can readily and unmistakably test the proportion of powder 
and bullet. 

You say, "what is the sportsman's outside distance II" I a.m 
told by my frjpnds~ Sir H. Halford and H. Evans, of Jura Forest, 
that most shots are taken within IOOyds. I have poured into my 
ear wonderful shots at 200yds. and more, Lut J take it that no one 
need bother about such a range; I50yde. is about the general 
extreme. Your letter puts this question: 

What terminal velocity at I50yds. do you consider would corre
spond with a drop ot little more than 5in. between 50yds. 841d 
I50yds. ? 

Do not you mean between IOOyds. and I50yds.? Your paper of 
Feb. 20, 1883, says, p. 2 (nearly at end), 5in. from 10Oyds. to 

. I50yds. 
I see that the charge 1 used in the experiments which guide me 

in this matter would give about 1 600ft. per second, and at I50yds. 
give I225ft. per second. • 

My trajectory drawing tells me as follows: Sight set true for 
I00yds. at 50yds., bullet about I!in. nearly above line at 15Oyds .• 
about Sin. below, weight of bullet, 360gre. 

~ossible error would be limited to something not worth recording, 
,but say lin. of the latter; not that I have any belief that I have 
'mAd~;.a lin. error. My speeds were taken, not from computation 
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from mean speeds, as taken by cutti.ng two wires, or b~eaking two 
connections, but by a ballistic pendulum, the special idea of which 
was suggested to me by my friend William Froude some years 
since, and the design of which I worked out myself, and which had 
his approbation. It is so delicate that it will show the variation in 

speed caused by putting two 0 wads behind the bullet instead 

of one. 
With it I get actual velocities right off; and this without there 

being any necessity for striking the pendulum in its axis, which 
was the old trouble. It is a peculiarly charmmg instrument for 
ascertaining actual striking speeds as one retires back and back. 

I have been now using it for the last twenty years, I think it is, 
and I believe it to be most decidedly superior to any of the instru
ments now in vogue for small arm work. 

By MR. HENRY. 

I still adhere to the opinion that no rifle should be designated 
" Express" which does not give an initial velocity of 1600ft. This 
is the minimum, but of course the greater the velocity that ('ltn be 
developed the better, provided accuracy can be maintained; and I 
think I can show that great accuracy is not incompatible with a 
very high initial velocity-say of fully 2000ft.-derived from using 
II. small bore with a slow spirality of rifling, or large charge of 
powder and a light bullet. In proof of this I inclose diagrams 
made with a '450 gauge single rifle, taking 136gr. (5dr.) C. and H. 
No.6 powder and a hollow-pointed bullet weighing 270gr., using 
the standing sight only, and taking the sight as nearly as possible 
in the same way (not fine and full) up to 150 yards. By taking 
the foresight full, the standing sight is good for all practical 
sporting purposes to over 200 yards. At 100 .yards you will 
observe that the rifle shoots into 3in. That thIS is not an 
exceptional rifle, but what I am in the habit of turning out, both 
single and double barrelled, I would refer you to such well-known 
sportsmen as Capt. Horatio Ross, Mr. Edward Ross, and" Rohilla," 
and if necessary to many others. I inclose a letter from Capt. 
Ross, written so far back as June, 1876, giving the results of some 
experiments made by him, with the assistance of the well-known 
rifle shot Mr. Wm. Ferguson, of Inverness, with a '450 ga.uge Mr. 
rifle, which letter you are at liberty to publish. 
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" DRAB MR. HENRY,-I yesterday gave the ' Queen of the FOl'ElSt' 
a severer. trial than I ever did previously. 

" I wa.s anxIous to take advantage of the rifle range and target 
here, to ascertain exactly what its trajectory really is. I got Mr. 
Ferguson to assist me, as I consider him to be one of the most 
careful painstaking rifle shots we have. 

U We began at looyds., and fired shots at 180, 150,180,200,220, 
280,250,275,300,325,350, and 400 yards. 

"We aimed at the same spot as at lOOyds. up to 250yds., using 
the first sight. We found that up to 280yds. there was no percE-p
tible drop. 

"A.t 250yds. we had to put up the flap sight, which gave very 
satisfactory results a.s far as 31S0yds., after that, at 400yds., we 
found the drop considerable and sudden. 

" Mr Ferguson said that, until he had shot this rifle, he had no 
conception that it was possible to make a rifle WhICh, up to 280yds., 
had such a flat trajectory. 

"Yours very truly, 

(Signed) " HORATIO Ross." 

Some sportsmen prefer a heavier bullet, and with the above rifle 
and charge there is no difficulty in increa.sing the weight to, say, 
350 or 360gr., and yet retaining a trajectory sufficiently low for all 
practical sporting purposes, USiIlg the standing sight only, to 150 
yards. I consider the light bullet, howevel, bE'st for use against 
soft skinned animals, from deer up to and including tigel, all, owing 
to its greater velocity the smashing power is enormous; but fot' 
tough skinned and large boned animals the heavier bullet is, owing 
to its greater penetration, to be preferred. 

Inclosed is a note of the various gauges of, and charges used 
with" Express" rifles. 

To show the striking power of the" Express" bullet I forward 
a steel bullseye, 1tin. thick, from my target, with a hole about 
Sin. by 3tin. driven right through the solid steel; also part of a 
steel bullseye, 3in. in diamtrl;er and 2in. thick, knocked to pieces by 
the bullets. 

In my previous notes I stated that my early experiments with a 
low trajectory rifle were made with one of '451 gauge. This is, of 
course, 80S we measure now, but at tha.t time only the gunmakers' 
gauge wa.s used, according to which the bore would be a.bout ~O. 

In connection with mv former FEIDlarka on. long range rifle., I 
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may lnention that in the year referred to (1852) I tried some 
experiments at Dalmeny Park at 1000 yards, and at a target placed 
on Cramond Island in the Firth of Forth at 1600 yards. shooting 
from the shore. I will not say that the shooting was good, as the 
gauge of rifle, viz. 25 or '577, was too large, and t.he spiralityof 
rifting-as we have since ascertained-was too slow, to give 
accuracy at these long ranges, but a note of such a tning having 
been done may be interesting as recording one of the earliest 
attempts at long range shooting since so wonderfully developed. 

To show the great accuracy that can be obtained with the long 
range rifles of the present day under favourable circumstances, I 
inclose two official diagrams made at Enfield with a Martini. Henry 
rifle and Henry ammunition at 500 yards, giving the surprisingly 
low mean ra.dials of under 2in. and Bin. respectively. These are 
supposed to be the finest diagrams ever made. 

By MR. F. OSBORNE. 

WEIGHT OF RIFLE.-I find that I am alone in noticing this 
important point. Where would shot-gun definitions and C01l1-

parisons be if t.his matter was not attended to P 
INITIAL VELOCITY.-In this matter I nnd myself considerably 

more exacting than anyone else, but point to the following remarks 
in support. of my views. Mr. l\fetford in his second paragraph 
says, "speed is valuable," "as the smashing power increases in the 
square ratio of speed, not merely with the speed." Sir H. Halford 
gives a table of four kinds of Express rifles (in which the latter 
kind would certainly be struck out as an Express), two of the 
remaining three have ylocities of 2000ft. and 1830ft. each. Mr. 
Henry also gives an eXI":ess with 2000ft. 

RANGE TRA.JECTORY OR BULLET DROP.,I~ opposition to Mr. 
Rigby, I fail to see why the 200 yards ShOldd enter into the 
question at all, as I do not think it possible WIthin ordmary 
proportions, to construct a rifle giving a decent up and down group 

-from 25 yards to 200 yards with the same sight. Mr. Metford says, 
hi his fourth paragraph, "most shots are under 100 yards," &c. 
Mr. Henry also appears to indicate 150 yards as the Express limit. 
Sir H. Halford also prefers to give 100 yards as the range for 
diagrams, though he makes two statements about bullet drop tha.t 
I fail to reconcile. Firilt," the fastest Express (drop) is 16 INCHES" 
(between 100 a.nd 200 yards). Again," gunmakers sight their 
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rifles 6in. or more high at 100 yards. This at 200 yards will make 
a rifle shoot only 4in. low." [NOTE.-This gives a total drop of 10 
INCHES between 100 and 200, as against 16in. as stated in the 
previous paragraph. He has in a previous sentence expressed him. 
self in favour of rifles being sighted 3 INCHES HIGH at 100 yards. 
Either, or any, way he is, I take it, against the 200 yards range 
being included.] 

With regard to Mr Metford's table of trajectories, &c., I note 
that he gives for bullet drop with 1900ft. initial speed 5in. nearly 
at 100 yards, the air resistance not being taken into af'count. Has 
the effect on the bullet drop of recoil, or "jump" of rifle actmg the 
<>ther way, been taken into a"count? A very illustrative experi
ment hearing on this point is gIvpn in Sir J. Whitworth's book 
" Guns and Steel" (Longmans, 1873), pp. 60, 61. 

BULLET DRop.-I find the value I give for bullet drop between 
50 and 150 yards much within the values indicated by Messrs. 
Rigby, Metford, and Sir H. Halford; but, as I have obt",ined my 
data from lLrtual practire in firing rifles WIth sporting sights, I can
not materially alter my figurt's, though a certain amount of error 
may have crept lll, owing to thp practical difficulty of aiming 
exactly alike at all three ranges at the same bulls-eye, with ordinary 
sporting sights. 

ACCURACY.-vVc seem to be on all fours on this point, or nearly 
so. Mr Metford's standard for Sillble 1<]xpress at 100 yards" should 
be covered by the fist," is sufficiently easy, thuugh why ten I:lhots? 
Such a numl)er would be likely to lead to error unless some :>mount 
of tIme lapse between shots to prevent overheating. I suppose SIr 
H. Halford's diagrams are those of single rifles only, especiallv 
with the lighter charges. J ::: 

RECOIL.-"No one notices this feature, l>ractically a most;,,,,'" .por. 
tant one, as, if a riP.e ca,nnot be used with bomething like dJmfort, 
its other good points are rarely brought out. I fail to see, there
fore, how Sir H. Halford can lay down weights of charges without 
weights of rifles to cOll'espond. I have always considered the ,two 
as having an extremely intiw'tte connection. 

SOLID BVLLElTs.-An aCCOUllL of a successful use of solid bullets 
with Expresil rifles appeared in the Fteld In November, 1879, there
fore I am in no W'<ly responsible for their introduction, though 1 
can understand their possible value against very refractory-hided 
animals, &fl.; but thLs matter can wait. 

To cunclude: In deference to the general leaning towards 
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admitting rifles as " Express," wi1h moderaLe or comparatively low 
velocities, I think we might put the minimum at 180(1 or ] 750ft. 
instead of 1900ft.-not less, as I think it will be well to exclude 
from the strictly "Express" class proper, either "Miniature 
Express" on the one hand, or "Miniature Cannon" on the other. 
As to the bullet drop between 50 and 150 yards being 4in. or there
about, I mean by this-from the centre of group made at 50 yards. 
to centre of group made at 150 yards, rifle fired from shoulder rest, 
aiming as near as may be at same spot, the sight being adjusted to 
suit the 100 yards range. An inch, or even two, may be added to 
this, but I see no reason why any greater addition should be 
made. Yours faithfully, 

FRANK OSBORUE. 

EDITORIAL COMMENTS ON THE CORRESPONDENCE. 

It will be observed that there is a considerable disagree
ment among the above high authoritIes as to the exact limitt! 
of the requirements necessary to constitute "an Exprebs." 
Sir H. Halford, Mr. Metford, and Mr. Henry consider 
1600ft. muzzle velocity suffiuient for the purpose, while Mr. 
B. Holland and Mr. Osborne contend for 1750 or 1800ft. in an 
ordinary Express. This h1gh velocity is required for two 
purposes-first, to insure sufficient expansion of the bullet in 
the flesh of the animal shot at, and consequent smashing power j 
and, secondly, to obtain so low a trajectory as to make one sight 
answer, "fine or full," at any du,tance up to 150 yards. Now 
the amount of smashing power reqUIred it IS not easy to settle, 
but the trajectory and accuracy forID matter for experiment, 
and tJO obtain a public demonstratIOn of what can be done, I 
instituted a public tria] last autumn, whlCh may be considered 
to nave settled the qUf'stiov. beyond dIspute. It was then shown 
that even with a muzzle velocity of 1750ft., the above require
ment was only just obtained, flO that I thir.k it may be fairly 
laid down that an Express rifle ought to possess that speed, 
especially as it was found to be consistent with as great 
accuracy as can bp desirpd. Finally, therefore, I propose to 
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define the Express as a rifle with a trajectory not exceeding 
fonrand a half inches at 150 yards, for which a muzzle velocity 
of a.t least 1750ft. pE'r second is required. This velocity is 
obtainable with charges of powder varying from 1 to 2 of lead 
to 1 to 3i, according to the bore, and wi.th such accuracy as to 
insure hitting a vital part-e:l:. gr. the heart or head-at 150 
yards. For further particulars on this point, I must refer my 
readers to the report on the Rifle Trial of 1883, hereafter 
given. 

WHAT IS A SPORTING RANGE? 
In different countries, with varluUS kinds of game, the 

conditions under which the latter are pursued for purposes 
of sport will be such as to preclude any hard antI fast rule 
on the subject. In this country, at all events, 150 yards 
may be regaldeQ as the maximum di"tance at which game 
js shot at, and, no doubt, the average is conSIderably within a 
hundred yards. In India, according to both Capt. Forsyth 
and Sir S. Baker: the same rule applies. The former, in 
reference to Jungle shooting, writes: "One half at least are 
shot at under fifty yards, three-fourthq under seventy-five 
yards, and all, without an excf'ption, under Olle huudr"d yards; 
that is to say, these are the distances at which animals arb 
usnally killed in jungle shooting." This is the general 
opinion of sportsmen; but for work on hIlls and other 
open situations, when "bright moments" occur, a shot at 
150 yards may sometimes be made. Beyond this distance, 
the difficulties connected with judging distance corrpctly, the 
effect of wind, and the consequent liability to hit without 
killing the game, and thus ;;,p,nd it off to a lingering death,. 
will generally make the good sportsman pause, and will 
lead to an endeavour to get nearer, oven at the risk of 
losing his shot. 

Mr. Van Dyke, who is the best and most reliable modern 
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----------------------, 
American authority, sums up a. very well argued chapter 
on this subject in the following words: U For the last 
three years, my rule has been to shoot at nothing beyond 
150 yards, if there is an even chance of getting closer to 
it, and not to shoot even that far if there is a fair prospect 
of shortening the distance. I fully believe I have gutten 
more deer by it. I certainly know that there haVE beon fewer 
broken-legged cripples. For deer and antelope on the plains, 
fifty yards might be added to this distance; for elk, another 
fifty yards; and for buffalo, another fifty. Beyond this point, 
you had better make it a rule to get closer"* (pp. 317-318). 

But in Southern Africa, where game has been, and ~till is, 
more plentiful, though wilder, than in India or Great Britain, a 
much longer range is deSIred, and especially by the Boers, who 
are not contented with a riflo unless it will perforlll well uP,to 
800 yards. This can only be used for pot-shots at herds of 
deer; but there is no dou Lt that at 400 and 500 yards, with 
their fine power of sight, they do often kill game at such 
distances. Consequently, before the definiti0n of a sportmg 
range can be given, the locality where the rifle is intended to 
be used must be ascertained. In deciding on the proper 
range of a rifle, it must not be forgotten that the longer 
ones can only be obtained at the sacrifice of trajectory, which 
is increased from 41 inches at 150 yards in the Express, to 
about double that amount in the Martini-Henry and still 
more in the Enfield. The South African rifle is thus, of 
necessity, much less useful at short rangeit' than the Express; 
because, not only must the exact range be ascertained-whICh 
is a difficult matter-but the sight must afterwarus be altered 
to suit it, with a sacrifice of time, or the game will not be 
bagged with anything like the certainty which the sports
man desires. 
----------
." The Still Hunter," by Theodore S.Van Dyke. New York : Fords, Howard, 

and Plunkett; London: Trubner and Co. 



CHAPTER III. 

RIFLING MACHINES. 
MESSRS. GREENWOOD AND BATLEY'S AND MESSRS MUIR A.ND 

SONS' RIFLING MACHINES. 

MESSRS. GREENWOOD AND BA1'LEV'S RIFLING MACHINE. 

J N proceeding to describe the mechanical details connected 
with grooving rifle barrels, I must refer my readers to the 
frontispiece of this volume, whlCh is a representatIOn of a 
modern rifLing machme by the celebrated firm of Greenwood 
and Batley, of Leeds. It IS a substantial structure, some 
twelve feet in length, the left foot being some six inches 
lower than the right one, gwing such an inclination to the 
entire machine at> has been found necessary to insure the 
flow of lubrication down the barrel during the cutting 
process. As shown in the illustration, the TIl/whine is 
arranged for operatmg upon single rifle barrels only; douUa 
rifle barrels require some changes in detail in no way 
affecting the general principle of the machine. The inclined 
"guide bar" in front of the machine is used to give the 
amount of twist tOr degree of spiral desired in the groove 
to be cut. One end can be moved only upon t("e fixed centre 
shown on the right; the other end can be adjusted to any 
desired angle within the sc~~ne of the machine by means of 
the slotted arm to which it is fastened. The main slide or 
" saddle" receives its motion up and down the "bed" from 
the central main screw, this being driven from the pullies 
fIot the extreme right; their motion is transmitted through 
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gearing not visible in the engraying. The verticallY working 
toothed" rack" carried by tha saddle is engaged at its lower 
end with the guide bar; consequently, as the saddle travels 
along the bed, an amount of motion is imparted to the rack 
varying in proportion to the inclination given to the guide 
bar. .As shown in the illustration, a cOllsiderabte amount 
()f this motion is imparted to the rack; consequently a quick 
twist would be thus cut in the barrel operated upon. If the 
lower end of the guido bar was raised in the slotted arm 
until more nearly parallel to tho path of the sadtlle, of course 
the motion of the rack would be much less, rosulting in a 
slowl'r twist being imparted to the grooves. The motion of 
the rack thus obtained is converted inte. a circular ono uf 
the" spindle)) (situate across the upper part of the saddle) 
by means of the small spur wheel or pinion upon it gearing 
into the rack. This spindle carries the "cutter rod" with 
tool holder attached, to which latter, by the means I have 
endf>avoured to explain, is imparted the compound moti\Jn 
required in grooving the barrel. '1'he barrel is held in a 
" chuck" or holder, in this case possessin{l the power of 
self-centering its work, and carrying a division plate with 
the same number of equi-distant notches as grooves are 
intended to be cut; thus enabling the chuck to be moved 
round and secured while each succeeding groove is operated 
upon. Above the chuck is placed the vessel holding soapsuds 
or other l:mbstance used to cool and lubricat.e the cutting 
tool when. at work. The breech end of the barrel bBiug 
secured in this holder, the muzzle end is stearlied in an 
arrangement shown in the engraving--care being taken that 
the barrel SO held is duly coincident with thf' spindle carrying 
~he tool holder; this latter is then passed down and through 
the barrel-the cutting edge of the tool being prevented from 
coming into contact with the bore by the means described 
in treating the full-sized sketch of the <t cutter box." To the 
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It feed screw" of the outter box is then attached the small 
H back rod" aeen a.t the extreme left of the machine-the use 
of snoh rod being to control a.nd regulate the &JI1onnt of 
"ont" put upon the tool by the operator. The "'heel gear 
and indicating dia.l through which it passes are the means 
of effecting this end-in some oases automatioaJ.ly by the 
machine, but in this case, a.nd generally, by the man in 
oharge, who funotions this apparatus by means of the hand
wheel just in front of and below the grip wheel of the barrel 
holder. The back rod has "* spiral groove out along it of the 
same "pitch" or degree of twist that the barrel groove is 
intended to have; it slides freely through the hollow shaft at 
the extreme left of the machine. A stud or key inside this 
shaft engages in the groove in the rod, so that when the shaft 
is rotated the rod also turns, though the longitudinal motlOn 
of the rod through the shaft is not interfered with; thus, as the 
outter passes up and down the barrel the back rod follows 
it in exaotly the same spiral path. It 'must be noted that the 
cutting work is done by the upward (from left to right) travel 
of the saddle; therefore, when this latter is down or near the 
breech end of the barrel, the cutter has passed beyonit and out 
of the muzzle, and is ready to be so adjusted as to out a 
shaving from the bore.' By turning the hand-wheel connected 
with the back-rod meohanism, the operator withdraJVB the feed 
screw in the outter box a. determinate amount (registered 
by the finger on the back-rod shaft upon the fixed dUll pla.te), 
thus allowing the cutting tool to rise in its bed a.nd protrude 
into the bore of the barrel; the machine is then put in 
motion, the tool being d.r$wn through the barrel (and 
delivering ita sha.'V'in.g upon passing out of the breech ~nd, 
the machine stopping a.t the same time. .This p1'OBeSB is 
repeated until the groove is .,~e oorreot depth, when the 
ba.rrel chuck is )wved. to ita Qe¥~ division, _ .0 on until 
the barrel is finiahed.. 



,l.&a~ 'SQ W, ~ 1~~~~tt1an of 
pming rifle 'ba-~Sj in w~iQP" ~llor :t'Wi$t 
isproduced. Wh&ll,aT&ryingsp'kl:d\i$re tdred, 
the guide bar has to curve SQ ~ 11Jo afprGxi
~ate to the desired variation in, ~~t of 
groove, and the an-angement for "u,\Illei' ... teed, 
&c., modified. accordingly. ~n .. ~ng 
depth of groove is to be producad, the i1esired 
end is obtained by modifying the F.ic~ of 
spiral groove cut in back-rod) so thatj shall 
disa.gree to a. certain extent with pitch 0'1 twist 

i 

in ba.rrel; thus, during the passage of cutter 
through the barrel, the back rod is operating 
on the feed screw with the result of increasing 
or decreasing the amount of cut applied. ~hi.! 
accompanying sketch shows in section a cutter 
box or tool holder, u'Bed with this tn.8:chin&, 
attached to the cutter rod at one end} and 
with the bark rod 10 connection with the feed 
screw at the other end. The cutting tool fits 
in a slot cut in a cylindrical box (this fitting 
the bore of barrel to be rifled), and rests with 
an inclined face or bea~ing, upon a. step, also 
abutting against the feed screw, and kept 
firmly in its place by the strong spiraJ. spring 
shown in the forward end of the box. When 
the feed screw is withdrawn, the pre~ura of 
the spring causes the tool to foUo,., con .. 
sequent!y rai&iug it by the action of the 
inclined face upon the step in the box; when 
tl,te feed screw is reversed, of OOUNe the 
cutter moves forward and s~ in its recess. 

I must here 'mention that"thi-s admirable 
svsilem of . cutting tha DTho'Craa .in '!'iBe 
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barrels WaS patented by Manceaux, a.. Frenoh gunmaker, as 
early a~ 1852, in almost as complete and perfect a manner as 
practised at this present day j his specification containing, 
among idl:las now considered old-fa~hioned and valueless, some 
shrewd approximations to what has long since then been 
deemed advanced views in rifle manufacture. I can only 
just allude to the old method of groove cutting formerly 
prac~ised in this country, and even now in use for some kinds 
of rifle barrels in the United States: I mean the plan of 
scraping out the cut with a file-like tool or " float" attached 
to So twisted rod of the desired pitch; this was worked up and 
down the barrel some considerable tillle} by hand as a rule, 
the rod fitting in a suitable socket, so that the" float" should 
copy the twist of rod ill-.iuo tho barr!'!. The process was 
imperfect and tedious, aud has almost disappeared before 
Manceaux's superior method. 

MESSRS. MUIR's MACHINE. 

Another m::lflhiuc in very general use is by Muir aJ.1d Son, 
of Manchester, who have £oTwll(t'deu to me tllO following 
description, together with 11 photograph 01 it, which Mr. 
Butterworth has carefully ellgraveu (Roe Fig. G). 

The above machine is designed to rifle or cut spirals in gUll 
barrels of almost any pitch or form of section. [t is all self
conhined, aud does not need a driving apparatus, with thH 
exception of one pulley on a line shaft. The barrel to be 
operated upon is' fixed at the breech enu into a dividing 
chuck, the muzzle entI being supported by a suitable bracket, 
having a swivel cap, &c. 

The rifling' bar receives its motions repiprocating from '8. 

tl'anverse carriage, actuated by a revolving screw, driven by 
mitre wheel~ and strap. To economise time, a quick return 
motion is given to ,-::a.rriage by bevel wheels of 2 to 1. The 
reversing is effected by a. bracket on carriage coming into 

D 
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contact with stops :fi~ed to a. rod of suitable leng~h, for a 
minimum or maximum -traverse. This rod is coupled up to a 
series of levers to the strap fork-the motion of the carriage 
causing the strap to be moved from one pulley to another for 
the reverse motions as on a planing machine. To give the 
twist or spiral, the rifling bar is coupled up to a spinile fitted 
on a carnage, which is free to revolve or remain stationary at 
the operator's will; on this spindle a wheel is keyed, gearing 
into a split carner wheel; this in turn gearing into a rack 
sliding on the carriage at right angles to the spindle. Motion 
is given to the rack by being coupled to a U former bar," of 
length sufficient for full traverse of carriage. This bar is 
secured by bolts to brackets proj~ting upon the body of 
machine. Grooves for the bolts run the length of the brackets) 
so that the former bar can be fixed parallel or at an angle to 
centre of machine. If the bar is placod parallel, motion is 
not given to the rack; but directly the bar is placed at an 
augle with the centre, motion is given to the rifling bar from 
the whoels and rack by causing the carriage to .traverse. 

To give equal divisions and the number required, the 
dividing head before meutioned consists of a hollow mandril, 
in which the barrel to be ope~ated upon is fixed. On this 
mandril a dividing plate is fixed, with a suitable catc~ &c., for 
holding the Illandril stationary-the operation of diViding being 
done by the attendant; that is, when one groove is finished, 
he causes the mandril to revolve. to the next division. 

The rifling bar is bored up at one end to· receive a snita.ble 
'cutter, which is so arranged that, at the end of. each cut, the 
tool ca.n be drawn below the diameter of barrel, so as to avoid 
dragging or breaking the cutting edge. This ca.n be done 
without stopping the machi.n;ji), a.nd is worked by suita.ble 
gearing from the centre of machine-that is, by hand wheel 
and mitres on the shaft running to extreme end of bed. ..At this 
end, a spur wheel gears into one keyed on to a hollow spindle 
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on a. bracket secured to bed-the spindle in this bracket being 
perfectly true, and in Ii)! line with the dividing head and 
spindle on carriage. The spindle is bored through, and 
receives a steel die with a square hole through, so as to allow 
a square bar to move freely. On the spindle nose a pointer is 
fixed, to indicate parts of revolution on a fixed index. The 
end of the bar is coupled up to a screw fitted in the rifling 
bar, this screw moving the tool in or out by the aid of an 
inclined plane on the back of the tool. 

To put on a cut or withdraw the tool, and give an increas
ing depth, the operation is as follow!!: To put on a cut, the 
hand wheel at centre of machine is caused to revolve, the given 
amount is indicated by the pointer on the spindle of the feed 
bar bracket and the index plate. The spindle thus causes the 
square bar to revolve with the screw in the rifling bar. This 
screw in turn causes the cutter to slide up or down a pro
jecting inside rifling bar-thus advancing or withdrawing the 
tool at pleasure. 

For givmg increaRing depth to the groove, the hand wheel 
is held to the required number on the index plate-the square 
feed bar thus not having any circular motion. The screw is 
acted upon by the circular motion to the rifling bar; thus 
an increasing or decpeasing depth of groove can be given 
according to pitch of feed screw and angle of former bal'. 

D 2 



BOOK IV. 
THEORY OF PROJECTILES, By "T." 

OHAPTER 1. 

INTRODUCTORY. 

THE following remarks are written with the hope that they 
may serve to convey to non-scientIfic 8portsmen and rifle-shdts 
some little idea of the theoretical principles connected with 
the employment of fire-arms. As with lDany other discoveries 
of great importance, the invention of gunpowder was carried 
into practICal usc long before the principle!! underlYIng its 
employment received any great amount of scientific investi- ' 
gation. Even III the present day, most people who' are 
accustomed to handle fire-arms have learnt to do so without 
havmg troubled their heads about the theory of the motion of 
projectiles. But practiC'.al men need not for that reason look 
upon theoretical studies as altogether needless. By dint of 
long practice and keen observation they may have become 
excellent shots; but, for all that, they might possibly have 
acquired their skill with fewer disappointments, atJ.d less 
expenditure of time and troublA, had they been spared the 
pains of finding out for themselves the origin of many little 
diffioulties, which at first they may have looked upon as 
unaccountable, but whioh a fuller acquaintance with scientific 
principles might have led them to regard merely as natural 
consequences of pre-existing causes. And although, eventually> 
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they may have become perfect masters in the manipula.tion of 
their favonrite weapon, and able to do tJ;j.e right thing a,t 
the right moment, it not un£requently happens that they do it 
by a sort of natural impulse rather than as the result of 
deliberation, and are quite incapable of giving to others a. 
sound reason for the faith that is in them. Having, however, 
worked out their results in a practical way, it is not unnatural 
that such persons should consider it a waste of time to study 
the origin of facts with which they have long been familia.rly 
acquainted. 

The adepts who, by reason of their innate abilities and long 
experience, have got beyond the bounds of learning, a~ 
exceptional personages, for whom the following pages have 
not been written. Nor, on the other hand, is it imagined 
that the information can add to the knowledge of those rifle
shots who have already studied the subject scientifically; 
while such readers will readily perceive how much more con
cisely they could themselves set forth the same facts, and how 
murh more clear they could render them by the use of 
algebraic symbols. 

There are, however, many other men, not wanting in skill, 
who readily admit that plenty of cr wrinkles" yet remain to be 
picked up, and who are perfectly willing to accept information, 
but have a mortal aversion to all mathematical formulas. To 
such persons more especially it is hoped that these observa
tions may be of service; and it is for them, indeed, that these 
notes are mainly ~tended. And if they may not derive much 
actual advantage by the perusal, they may possibly find some 
recompense for their pains in the awakening of reminiscences 
.of bygone days, when game got off sca.theless, owing, as was 
then imagined, to unaccountably bad shootIng, though, after 
all, it may have been mainly due to the operation of some 
natnralla.w that hitherto had not come into operation in the 
same way within that sportsman's partiCUlar experience. 
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Two gentlEttnen, for instance, went on a shooting excursion 
across the Himalayas into Thibet; and in detailing their 
adventures in the Field, one of them said, with respect to the 
hunting of the H gooral," or Himalayan chamois, (( Our first 
experience of this sport was most unsatisfactory, and it was a 
considerable time before either of us brought one to bag. At 
first we used to miss the most easy shots, apparently, and 
could not account for it in any way, for we were both tolerable 
shots in the plains." The conclusion they came to was, that 
it was owing to the nature of the ground, and the difficlllty of 
judging distances. Possibly something was due to this; but 
it does not appear to have occurred to them that there was • 
another very probable cause of error, viz., their height a,bove 
sea.-Ievel; for the great difference in barometrical pressure at 
high elevatious would alter considerably the trajectory of tfe 
bullet as compared with what it had been on the plains, for 
which the weapon had been sighted; and they might conse
quently clean miss an animal that they would have hit with 
certainty at the same distance, under conditions to which they 
were accustomed. 

Hore, then, is one incident which may not occur to every 
rifle-shot, but which, nevertheless, may be worth bearing in 
mind., Many other matters are equally or more deserving of 
consideration; so numerous are they, indeed, that it is not to 
be expected that they will be exhausted in these pages. Let 
us, however, attempt to deal with some of their most salient 
points, 



CHAPTER II. 

CAUSES THAT INFLUENCE THE FLIGHT OF BULLETS. 

DIRECTLY or indirectly, a bullet is subjected to many influences, 
both before and after it leaves the barrel of the rifle; and 
each separate influence has greater or less effect according U; 
variation in circumstances. 

We have (1), as the originating cause of the bullot/'i motion, 
the gases produced by combustion of the powder; and the 
extent of the actIOn of these gases will be varied, not only by 
the quantity of powder burnt, but by the physical condition of 
the compound, such as the size of the grains and the density 
due to. the amount of pressure the "cake" has undergone in 
the process uf manufacture, 1esiiles any difference which may 
occur in the proportion of the ingredients. Even when succes
sive charges of the same powder are used, you cannot rely on 
getting absolutely exact results; for, although ihe sulphur, 
saltpetre, and char('oal may have been very carefully weighed, 
and great pains have been taken in the mixing process, the 
powder is, after all, only a mechanical mixture, and the 
proportions ma.y vary somewhat in different parts of the same 
batch. Thus, our Government powder is said to be composed 
of 75 per cent. of saltpetr€1. 10 of sulphur, and 15 of charcoal; 
but in samples taken from the top and bott0ID of a. barrel by 
Mr. (now Sir F. A..) A.bel, one sample proved, on analysis, to 
have almosl, exactly 75 per cent. of saltpetre and the other 
only 74t per cent.; one contained 10 and the other 10! per 
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cent. of sulplinr; and one had i per cent. more charcoal than. 
the other. It is not to be oxpected, then, that they could 
produce absolutely equal effects. Moreover, the evenness or 
otherwise of the grain of the powder may also influence the 
results obtained from successive cartridges; and so may any 
differences in the manipulation of the powder. The force, 
too, that will be exercised by a charge of gunpowder is not 
dependent merely on its weight and make; it is by no means, 
in met, a fixed quantity, but varies with the degree of resist
ance encountered by the expanding gases. The pot9ntia.l 
force of the charges used in small arms is vastly in excess of 
the power actually developed under ordinary circumstanoes; 
and an increase in the resistance-whether it arise from 
additional weight of projectile, more rigid turning down of a 
cartridge case, or obstruction of any other nature - Tt:JlY 
produce a considerably increased development of the dormant 
powers of the explosive. 

(2) Besides the direct effects produced by the force of the 
powder, the speed of the bullet is influenced by the friction 
that arises as the projectile is forced through the barrel, and 
likewise by the resistance of the partially-imprisoned air; 
for air there must be in the barrel when the charge is fired, 
and it cannot possibly get out of the way of the bullet. The 
walls of the tube prevent any such thrusting aside as would 
occur in the open atmosphere, and the speed of the projectile 
is too great to permit of air moving away in advance without 
undergoing condensation; so that there must be increasing 
compression, and corresponding resistance, as the bullet dnves 
the air from breech to muzzle. The resistance which is due 
io friction would vary too, according to the nature of the 
~£ling and rapidity of twist, as well as with the form. of the 
bullet; for deep grooves and rapid spira.l must offer more 
obstruction than shallow grooves and slow twist; while & 

spherical ball, which only touches in a narrow line a.t iia 
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<circumference, would move much more freely than elongated. 
bullets, the resistance from which increases with their length, 
and the extent- of their hold upon the grooves. Beyond these 
-eiteQts, there i~ the further obstruction which arises from 
fouling, and which varies with the powder, the nature of 
the rifling, and the moisture or dryness of the atmosphere. 
A.fool' black powder is burnt, nearly two-thirds of its weight 
remains as solid residue, and, although the larger portion of 
this is necessarily hlown out of the barrel after the projectile, 
a coftBiderable quantjty is deposited within, especially when 
there are inequalities in the hore, such as deep rifle-grooves, 
wherein the dirt can readily lodge. 

(3) Another of the influences affecting the course of the 
bullet is the recoil-movement, or C( jump," whiflh occurs in 
the gun before the ahot has left the barrel. Some persons 
contend that no recoil takes place until after the shot has 
left the muzzle. Practical experience, however, goes to prove 
that the course of the bullet is affected by the motion of the 
barrel-which would be strange indeed if there were no 
movement until after barrel and ball had parted company j 

while theoretical considerations go tf) SllOW that the recoil· 
movement must receive its initiation as soon an t,he bullet 
is set in motion, although the recoil would not be completo 
till after the projectile quits the muzzle. 

(4) 'The resistance of the atmosphert:', after the shot has 
departed from the barrel, is one of the most potent of the 
influences that ~ffect the course of the projectile. Except 
for the resistance of the air, bullets would go on with 
undiminished speed, re~rdless of distance j and differences 
of size, shape, or weight l.;~ projectife would matter nothing 
as regards trajectory, for all that start with the same speed 
would follow the &ame curve. Under eXIsting circumstances, 
however, different "jrajectories are caused, uot only by different 
velocities, but by variation in shape of bullets of equal weight, 
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difierence in 'size of bullets t.hat are similar in form, and 
variation in weight of bullets Lhat are alike in si2e-whether 
such variation be due to difference in density of the metalt 

or fo some bullets being solid and others. hollow. The 
trajectories of bullets will also be affected by variations in the 
density of the atmosphere, whether arising from differences 
of temperature and moisture, or differences of atmospheric 
pressure as shown by the rise and fall of the barometer in 
the same locality, as well as by the rarefaction of the air 
in high mountain regions. The longer the range of the 
projectile, the greater, of course, will be the effoct un its 
flight; but spherical and hollow builets are more sensitive 
to the change than heavy elongated projecWes of solid metal; 
and the effect would consequently be noticeable wlth the 
former at shorter distances than with the latter. 1 

(5) The forcE:? of gravity, though here put last on the liCIt,. 
has far greater influence than any other in determining the 
bullet's course. Except for the effect of this force, an pro
jectiles would fly m a straight line; they might be a greater 
or less time in reaching their object, according as they have 
low or high speed, but their course would be as direct in 
the one case as in the other. Under the influence of gravi
tation, however, the course never is direct, but invariably 
is curved, though not in the same degree; and the slower the 
speed, and longer the distance, the more marked is the curve. 

Such being the prin'Cipal influences that affect the course 
of bullets, it may be-as well to examine a little more closely 
some of thoir effects. But, instead of taking them f<xactly 
in the order just given, it may be desirable, perhaps, to 
commence with the one last touched on, as some of the 
remarks made with respect to the action of the force of 
gravity may facilitate explanation when other points are 
touched on, and thus we may "kill two birds with one 
stone," or get two illustrations from one bullet. 



OHAPTER III. 

THE DROP OF THE BULLET. 

IN taking into consideration the progress of projectiles 
through the air, a little fact whlCh is frequontly overlooked 
should ever be borne in mind, viz., that from the Instant the 
shot leaves the muzzle of the gun, it beg1l1s to drop down 
below the line in which it was firf'd j consequently, every 
yard, every inch, of the trajectory is curved, although to a 
very trifling extent at first. The {{ perfectly fiat trajectory,'" 
too often spoken of, has no real existence: it could only be 
produced by the invention of a bullet able to set at defiance 
the laws of nature. 

Some time ago, a sportsll1l1n writing to the Field, and 
recording the performance of a riflo in hIS po~ses.,ion, stated 
that it had a perfectly flat trajectory up to 150 yards. It 
probably never occurred to him to ask himself, "Why should 
a. bullet go 150 yards in a perfectly straight line and then faU 
away from it. ?" He doubtless did not take into consideration 
any other fact than that he looked in , straight line along 
the barrel, and did not put up any sight for a range of 
150 yards, whereas for longer distances he did put up a sight. 
The fact that the inside bo'1.d the outside of the barrel were not 
parallel may have escaped hIS observation, or, if noticed, may 
not have caused him to reflect that, although his line of sight 
outside the barrel might be horizontal, and go straight to the 
object on which his eye was fixed, the bore, when he took 
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aim, had an upward slope fr0ID breech to muzzle, ~nd that 
there£ore the bullet was not directed at the objed ~ed at, 
but at a point some distance above that object. Still les8 
would it be likely to occ.ur to him that, supposmg there to be 
a .difference of, say, ioth of an inch in thickness of barrel or 
height of rib or plate at the two ends of a 27.incih rifle, this 
difference would be repeated 200 tjmes in a range of 
150 yards, and thus amount to 20 inches in such distance; 
while even more remote would be the inference that about 
midway in the range (or from 75 to 80 yards) the tlullet 
would be fully 5 inches above the line of sight. 

But, although it may be excusable in a sportsman to 
overlook such facts, and make statements similar to those 
.above alluded to, the same excuse will scarcely avail a 
gunmaker if he utters assertions of a like nature; for he c!n 
hardly be unacquainted with the reason for constructing rifles 
with so much taper of barrel or thickness of plate as to 
dispense with movable sights up to 150 or 200 yards, nor can 
he be unaware of the effect that must be produced upon the 
elevation of the bullet at le'lser distances. Yet it would not 
be difficult to find gunmakers' advertisements claiming for 
Express rifles a flat trajectory up to 200 yards, regardless of 
the fact that bullets which strike the mark would, according 
to their velocity, have been some 7, 8, or 10 inches above the 
line of sight in traversing that distance. 

Such gunmakers were the subject of some animadversions 
by a correspondent ~ the Field, of a more pbservant turn of 
mind than the one just alluded to. He complained of the ill 
effects resulting from the construction of rifles in which the 
\ 
l>ack sight had been made, of undue height in order to 
produce a fictitious appearance of low trajectory at long 
ranges. In a rifle which he had bought, an otherwise good 
weapon had thus been rendered comparatively useless uutil 
he knocked out the back sight, which was contrived to show 
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such a. If flat trajectory." at long ranges that the bullet struck 
high abovo the mark at short distances. 

As already intim9,ted, an absolutely or perfeetly fia.t 
trajectory (for both these adverbs have occasionally been 
made use of) can have no existence whatever. The most 
limited range must take some small space of time for the 
bullet to traverse; during that time the bullt't drops, and the 
trajectory becomes curved. There is, no doubt, a vast deal of 
difference in tho curveR described by projectiles fired from 
diffe~nt rifles, and by different bullets fired from the same 
riEe-the line of flight being, in some cases, very much less 
arched than in others. Consequently, one trajectory may be 
relatively flat, as compared with another; but beyond relative 
flatness we cannot go; and in considering why it is that 
one trajectory if! flatter than another, we shall likewise see 
that, although the curve may be lossenod, it nover can be 
changed into a straight line. 

The ordinary experiences of daily life make us all 
acquamted with the fact that, if we pick up any object of 
sufficient density-such, fo1' oXA.mple, as a bullet-and then, 
by unclosing the finger, leave it without 811pport, it imme~ 
diately begins to drop towards the earth. It does nut Tomain 
in suspense an instant after its release, but, commencing 
with a slow downward movement, gains speed rapidly as it 
falls to the ground, and attains greater and greater velocity 
the further it descends. In like manner, everyone would 
consider it a m&tter of course for a w~ight falling from the 

. height of the roof to give a more severe blow than if it 
had. merely rolled off a "hair or a table. But comparatively 
few persons take the trvu ble to ascert.ain the reason of 
such universally admitted factI'!. Most people are content to 
know what they cannot help knowing, without thinking 
of cause and e:'Iect; and when they find themselves face 
to fave with certain facts that do not ordinarily come within 
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1he range of their experience. they are apt to overlook the 
leal origin of unexpected results, and to attribute them to 
other causes, sometimes very Wlde of the mark. 

Thus, a man who is a fair shot with a rifle that he has been 
accustomed to use at short distances, might become possessed 
of an It Express" such as has been recently alluded to, and 
have been told by the maker that it has a C( point-blaDk range 
up to 200 yards;" for (C point-blank" is another misleading 
-expression in current use. From experience with his old riBe, .. 
up to 70 or 80 yards, he considers he knows well enough what 
4< point-blank" means; and he IS very well satisfied with the 
results when he tries IDS purchase at 200 yards. He fiLds, 
however, when he comes to use his new rifle at shorter ranges, 
that things do not go on so satisfactorIly as he had antic~:; 
pated; he fires H pomt blank," as he has hitherto done, at 
1I.ccustomed distances, and the bullet is planted some inches 
higher than he expected. It is not surprIsing that he should 
be put out thflreby : and very pOSSIbly it may never occur to 
him that, whatever the distance for which a riBe is sighted, 
the bullet mnst be above the line of aIm at intermediate 
distances, whether twenty-five, fifty, or a hundred yards. 
Why it must be so, however, becomes clear enough wheu one 
reBects upon the circumstauces. 

On makmg its exit from the barrel, the bullet drops as 
inevitably as It would do on being let loose by the fingers. So 
long as it remains within the bore, the ball is held up; but 
no sooner docs it pass out from the muzzle, ltnd consequently 
lose support, than the force of gravity takes effect on the 
bullet, and draws it downwaru. If the barrel be held hon
?lontally, the shot begins at once to fall below the level of the 
Fosition from which it started; but if-as usually is the case 
-the barrel has an upward inclination at the moment of 
firiug, the bullet necessarily rises from the muzzle, and yet 
{anomalous as it may sound) the drop goes on during the rise 
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()f thp, pr0jectile, to just the same extent as if the barrel were 
horizontal. In the one case, the bullet will, in a qUEirter of a. 
second, have descended 1ft. below the horizontal line; and in 
the other it will, in the same time, have descended 1ft. below 
the (( line of fire," whatever may be the angle of elevation 

above the horizon. A very good example of thiM double 
motion is seen when a jet of water issues from the muzzle of 
a garden-hose or fire-engine. The liquid, as it shoots forth, 
ascends more or less ahove the mouth of the tube, according .. 
to the angle to whICh the muzzle is raised; and the stream 
meanwhIle falls from the lme of projection to just the same 
extent as if the pipe were horlzontal. 1'he (( trajectory" of 
the water, moreover, depends upon the velocity of the dis· 
charge, and, as in the case of the bullet, the higher the speed 
the flatter i" the curve; but, however great the velocity, the 
jet can never strIke an objrct unless the tube is directrd in a 
line above it, and the stream between any two points is 
consequently alway'! arched. In short, the jet of water pre
sents viSIbly to the eye a curVB similar in character, but 
shortor and higher, than that which the bullet describes when 
projected from the gun. 

The rapidIty of the natural drop in projectiles is neiLher 
increased nor diminished by their weight, nor by the speed 
with which they leave the gun: the velocity of descent is 
dependent on the duration of the fall, or, in other words, on 

the length of tIme the bullet is in motion-as this it is that 
regulates the distance and velocity of the drop. 

Supposing, for instance, that a number of guns, all differ
ing in dimensions, chargt. of powder, and weight of shot
varying, in fact, from the largest cannon down to the smallest 
rook-rifle cr saloon pistol-were levelled horizontally on the 
top of a cliff, say, 100 feet above the sea; and that, on being 
fired, the whole of the different projectiles started off evenly 
together from the edge of the cliff; the various kinds of shot, 
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whatever their weight or velocity, would drop into the water 
at the same moment-the time of fall (at 16 feet per secondr 

without air-resistance) being 2t seconds for the 100 feet. 
And if, simultaneously with the shots being fired, other 

bullets were dropped in a straight line down the face of the 
cliff, or let run down inclined planes (without frictiOll), they 
would reach the same level in the same time, although some of 
the shot may have been propelled a quarter or half a mile, 
and described curves of various dimensions, while others may 
have run down slopes of -different angles, and others not have 
varied at all from the perpendicular. If, however, there were 
the slightest ueparture from the hori£ontal position of t~e 
bore, the speed of the projectile would tell; for the greater the 
velocity and weight, the higher would the projectile go, as com
pared with a slower and lighter bullet, before decending toward~ 
the earth-that is, supposing the muzzle pointed upwards; 
whereas, on the other hand, the more quickly would the ·shot 
make its descent if the muzzle had a downward tendency. 

The "drop" may be said, in short, to be a definite quantity,. 
determined by time, and entirely independent of any ouward 
motion of the projectile. It operates to an equal extent 
whether the barrel points upwards or downwards or is held 
perfectly level, and whether the projectile is large or small. 

It has been ascertained by experiment that bodies falling 
from a state of rest drop a fraction more than 16ft. in one 
second; but for our general explanatory purpose the fraction 
may be disregarded.* If the body starts VI--ith an upward vr 

,. The fall varies slightly in different parts of the globe, inoreasing towards 
'tbe poles arId diminishing towarus the equator-the attraction to the centre
belng greatest where the diameter of the earth is lellJl~, and vice v6t'sd. Th& 
fo1lowing will show a few di:IIelenoes in the amount of drop in one seoond. 

ft. in. ft. in. 
Greenwich............ ........ 16 1'15 Trinidad, West Indies .. 16 0'55 
Paris ........................ ... 16 1'09 HammerfeBt, Norway...... 16 1'42 
New york......... .. ....... 16 0'96 Spitzbergen..... ...... ...... 16 1'52 

Thus between London and New York the difference of fall in one seoond is. 
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tlownward impulse, the 16ft. will be added to or diminished 
from the dist.ance it would have reached in one second, hR!d 
the body continued to move unobstructedly in the same 
direction for that period of time. A.ccordingly, if a shot were 
fired. straight up into the air, it would, at the end of one 
second, be 16ft. short of the height it would otherwise have 
a.ttained; and, if fired down a precipice, th€' bullet would be 
16ft. below the pomt to which it would have been carried by 
its own velocity in th€' cllurse of on€' second. 

It V\~ll be obvious that, if a body starts from a state of 
rest, and goes on regularly increasing its speed, it must move 
faster at tpe end of any given period of tlmt· than it did at the 
beginning, and that the velocity must increa"e with length of 
timE'. We always see a railway train start slowly; and it 
goes on for a time gradually increa'ling its speed, although the 
actual force applied when travelling at 50 mile'! an hour may 
be no greater, or even less, than when the train movt'd slowly 
out of the station. A continued application of tho same 
motive forcA produces continually accelerated motIOn, unless 
it is counteracted by some other force; and, in the absence of 
such counteraction, the exercise of a constftnt force for equal 
periods of time would impart an equal increment of spood in 
every such period. 

Such is the case with falling bodies, as exemplified in the 
trajectories of bullets. He.,te we have in action a constant 
a.oneleratillg force known as the forco of gravity, whioh 
impa.rts a downwo.rd motion at the rate of a fraction more 
tha.n 32ft. per second for the time the bullet is in motion, 
whether it be seconds or only a portion of a second; so tha.t 
8ft. velocity would be impartbtl in a quarter of a. second, 16ft. 
in half a. second, 64ft. in a. couple of seconds, and 80 on • 

• 'bout one-1lfth of an inoh, whioh may IHlem very trifling; but in • rail". 01 
1000 yaMs, with a Martillli.Henry rUle, ihfl total would aDlO1Ult to l1M1'ly iwo 
inohes; &I1d in similar ranges in Norwayaud the West Indietl there might be. 
dI1!erenoe of .drop of about ei&,ht inchetl~ther things bemg eqUAl. 

X 
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A knowledge of the speed gradually attained in a given 
period of time would, however, afford to many people but 
little idea of the distance actually traversed in that time. 
Almost anyone, on being told that a certain train acquired a 
speed of three miles an hour in the first minute, and regularly 
increased its speed at the same rate, would at once perceive 
that in course of ten minutes it would have a velocity of 
30 miles an hour, -and that it would have double that speed 
in double the time. Nevertheless, it might puzzle him to say 
how far the train would have travelled in any given i)ortion 
of the time; and he might eV':ln be inc-redulous if told that 
in five minutes, although the train would then have atta.ined 
a velocity of 15 miles an hour, it would only have gone five 
furlongs, and that, at the' end of the first minute, when 
moving at the rate of three miles an hour, it would not have 
proceeded 50 yards. 

On the other hand, the fact of the train travelling nearly a. 

mile in the course of the tWf'ntieth minute would be readily 
apprehonded; and so would the statement that, by starting 
from 0 velocity and increasing regularly to GO miles an hour, 
the average speed in the meantime must be 30 miles an hour. 

It requires, however, but another step onwards to arrive 
at the fact that, with an average speed of 30 miles an hour, 
no more than 10 miles could be run in ird of an hour, or 
20 minutes j and the same method of estimation will quickly 
demonstrate that, as the average speed during' the first 
minute (beginning from 0 and ending with 3) IS but I! miles 
an hour, the distance traverRed in the ioth part of an l).our 
could only be the ioth part of It miles (i.e., 2640 yards), and 
therefore wouJd not exceed 44 yards in one minute. 

In the drop of bullets a simila: process goes on. As 
already stated, the speed increases at the rate of 32ft. per 
second £9r the time occupied in the descent j hence it will be 
obvious that 8ft. velocity must be imparted in ith of a. second. 



THE DROP OF THE BULLET 51 
--- -~-----

It is not 1'10 apparent, however, that in this same quarter of a 
second the bullet would drop only 1 foot; yet, by hawng 
recourse to the method jnst adopted with rE''lpoct to the train, 
It will be dear that such mu!:.t be the case; for a bullet 
starting from 0 and increasing to 8ft. vblol"ity would have a 
mean speed of 4ft, and progrE'ssion at thI'l rate for ith of 
a second could not carry tho hody more than Ift. from its 
original pO'lition. But it is only when the periods of time 
are fractional thaL tIlt:; progrE's'l sepInS so insignificant ItS com
pared ~ith thE' spepd; for the rpverse ]s apparently the case 
when we get to whole ~('cond..", it" the distance then seems to 
increase wIth marvellous rapidIty. 

An accelE'ratmg velOCIty of 32ft. per ~pcond gives a drop of 
16ft. III the first second, hecau'le It start!:. from 0 and ends at 
32, and the drop 1'-> equal to the mean velocity. The next 
.."econd b('gin~ '\11h a volocltyof :)2 and ends with ()4, so that 
tht' mean velocIty I'> 18. 'I'he velocIty and drop afterwards 
procC'od as follows: 

1 sec. 

" ~ " 
3 " 
4 " 
5 

V(tlOClty 
at ('nd or 

NV It FI(\LO'1rJ 

32ft POI'Sl'c. 

()4 
9() 

128 
160 

Drop In 
the n sp('('tivo T~:&;n~!~f 

RClcondH ,.a.cb second 

Hi feot. 16 fl'ot 
48 ll4 
80 

" 
1'j,.1, .. 

112 " 
2;,6 

" 144 " 400 
" 6 ,,192 176 " 576 " 

The full !'\ocond, with the rate of drop as here mdicated, is, 
however, too large a umt of time for the sportsman's purpose, 
which requireR, for the mO'lt part, fractIOns of a second to be 
taken into consideration, with drops of a few inches rather 
than hundreds of feet. Let us, then, take lu th of a Becond 
as our unie of time, and we shall have very nearly 2 inches 
(,:.e., 1·93in.) as 0\11' unit of drop-which would be the extent of 
fall in a 50 yards range, with a bullet traversing the 150ft. at 
a mean velocity of 1500ft. per spc. On the same prin?Jple will 
the drop go on whatever unit may be chosen. Whether a full 

E2 
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second, or a. tenth or a. hundredth part of a second, be adopted 
as tke unit of time, the rate of progress will be as fallows: 

Periods 
or time. 

1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 

lOth 

Units of drop 
In the 

Total unit. or drop 
.. tthe end 

respeotive periods. or each period. 
..... . ........ ....... 1 
......... .. ........... 3 .............. . 

1 
4 
9 .... ...... ............. 5 ................... .. . 

................. ...... 7 
9 

.. . ...... .... ..... 11 

.............. .. ........ 13 
...................... 15 

17 
....... .. ......... 19 

.... ...... ........... 16 
25 
36 

............ .......... 49 

.. ........ ........... 6i. 
81 

.................... 100 

Taking, then, 2in. as the extent of fall in the first unit of 
time, the drop in the next equal period would be treble as 
much, or 6in. (making 8in. for the two periodl'l); in the ne~t 
equlfl space of time there would be five times 2in., or lOin. 
further fall (making l8in. in the three periods), and so on. 
The figures in f,he second column, multiplied by 2in., show 
the respective fall in each successive period, while those in 
the third column (also multiplied by 2in.) give the total of all 
previous periods. And, if it were possible for a bullet to pass 
through the air without losing speed, a shot that fell 2in. in 
50 yards would fall 6in. between 50 and 100; lOin. between 
100 and 150; and 14in. between 150 and 200-making 32in. 
altogether. 

If, however, instead of a 2in. drop in the first period, any 
other space were taken-as, for instance, the ~th part 0f an 
inch' (01' O·02in.), which would be equivalent to t1le fall 
in rh-th part of a. second-the same law would hold good. 
With a mean velocity of 1500ft. per sec., tuis drop would occur 
in a bullet by the time it had got 5 yards from the muzzle. 
In six such periods, or about 30 yards, the 0·02in. would be 
multiplied by 36, and amount to nearly fin.; and at the end 
of the eighth period, or 40 ya.rds, the total fall would be 
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0'02 x 64, or a.bout Ifin. B~t, as bofore intima.ted1 oom. 
parison of equal distances with equal times 18 not strictly 
correct, and is only assuml'd for facility of explanation. 

'rhe entire fall mdlCated in the last column of the foregoing 
tables will be observed to be the sum total of the drops 
separately indirated for the respective pen ods given in the 
previous column. Hene'e, 576ft. (at the end of six seconds), 
in the table on page 51, wIll be the total of the respective 
distances from 1 Gft. tp 176ft.; whill", in the next table, 
100 tor any other num1er m the final column on the opposite 
page) will be the sum of the preceding figures in the middle 
column, up to the "arne period of tinio. 

n is not necessary, however, to resort to this cumbrous 
mode of adding together thl" various figurps in vrder to arrive 
at the required total, because tht' same end i." ohtained by the 
much more ready process of "f>quaring" the number of 
seconds, or oth~r periods of time. 'rhus, 3tl l':l the product of 
£ by (), as well as the sum of all tbe odd numbers from 1 to 11 ,; 
for it will be ob~erved that the mJddle column of t.he last 
table con'lu,ts exclusively of odd nUlll bers. So the figures in 
the third column in the first table nrfl only the f>ame odd 
numbers mnltiphed by 16ft. (whlCh there is the t...nit of drop), 
and 576 in the final column 18 the product of 10ft. lllultIpliCii. 
by 6 times 13. 

The variation in the amount of drop in short periods of 
time may be better seen in the table on p. 54, where rh-th of 
a second and -Art.h of a second are respectively taken as utlits 
of time, and r.re carried on for ten successive periods, 80 that 
the bottom of one colu"lln connects with the top of the next 
nnW full soconds are arreed at. In each case, the figures 
l'epresent the to~al amount of fall at the end of the respective 
periods of time, but, where there are fractions, it has been 
thought unnecessa.ry to work them out with great minuteness. 
The drop in the 'Jolumn for full seconds will be seen to " 
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100 times as great as in the previous column, and 1,'),000 times 
as great as in the column for hundredths of a second. 

Number Hundredth. Tenths F1..Usecond. of periods. of & second. of & second. 

1 'lo inch 2 inches 16 feet. 
2 1 n 64 T. " " 3 L In 144 • " 4 ! 2} feet ~56 

" 5 t 4 400 
" 6 2 51 576 ." 

7 1 7~ 784 
" 8 It lOt 

" 
10'24 

" 9 1.1. 1:3 129G I' 

s " " 10 2 16 1600 
" 

With the mean velocity of 1500ft. pel' second, one of these 
columns would represent. "drops" oc('urring at intervals 
of 5 yards, while the others would, in a similar way, apply to 
intervals of 50 and 500 yards; and the last figures in tlib 
respective columns would represent the total drop in ranges 
of 50 yards, 500 yards, and 5000 Yimls (or nearly 3 miles)
the last of which, of course, could only apply to artillery. 
Inasmuch, however, as projectiles inevitably luso speed during 
their flight, and consequently the same shot can novel' have 
the same mean velocity for differont distanceK, the above 
figures cannot be taken as strictly applicablo to any single 
shot, and coula only be corroct if applied to a series of 
separate shots giving an oqual moan velocity for all the 
ranges indicated. If, for instance, a 12-bore spherical ball. 
had a mean velocity of 1500ft. pOl' becond over a i)i) yards 
range, it would leave the muzzle with a speec_ of about lfi50ft. 
per second, which would be reduced below 1400ft. vplocity in 
going the 50 yards. Obviously, thon, the first half of the 
distance would be accomplished in less time than the second 
half; and the extent of the drop during the first half of any 
given range must consequently be less than one-fourth of the 
drop occurring in the full range. For short distances, how
ever~ the proportions may be assumed to be approximately 
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oorrect; and it will suffice to say, in rnund ~umhers, that, 
with 1£ mean velocity of 1500ft. per second, there would be a 
drop of about half an inch in the first 25 yardK, and ahout an 
inch and a half between 2,"j and 50, making two inches for the 
50 yards. And in like manner it mlty be assumed that the 
height of the trajectory if> about one-fourth of the total drop, 
although it is always mOrL! than one-fourth. WIth heavy 
elongated projectilE's the one-fourth apprnximatps much more 
closely than with light Expres" bullets Iwd Kpherical balls; 
and tile longer the rangf' tlJC less accurate i'l tho foregoing 
estimate, especially with the lighter bu11ots. 

The writer of thi'! wa<, a"ked, not long' blIlce, to define tho 
share in the formation of the trajectory-curvo wllich is due to 
gravity alone, and the "hare whieh is due only to air-rosibtance. 
Strictly speaking] the whole i" diredly product-a l)y thE' action 
of gravity, allhrmgh a portio]) i" the ilJdil't't't rc"ult of atmo
splwric resistance. '1'he drop of thp bullet (front which the 
curve results) iK, a" recently 'ltatod, a dl'filllt(· quantity 
dep!:llClent upon thp time of ff11l. 'rhe eif('ct of air-re'listance 
is to lessen thE' bnl1t't's r,peE'u; it thNChy lengthens the time 
taken to travt'rse a givcn range, '!llil HI(' UI'OP is thus 
increased, hy the foree of gravIty IJCmg cnabl<·d to operate for 
a longer period of time. 

In ~)Ue senf>e] however, an answer may he given to the 
foregoing question. If there wero JlO air-reFll'>tance, the 
muzzle velocity of tho bullet would he ito, velOCIty throughout 
the range; by qividing the length of range by the bullet's 
velocity, you get the time of the trajectory; and from this 
the drop may be ascertainpd. Thus, a bulh·t with 1500ft. 
uniform velocity would tra,prse 500 yards in one second; and 
there woul(~ be a drop of 16ft. dut' to gravitation alone. But, 
in actu!l>1ity, the velocity is always decreasing, and a bullet 
that starts with 1500ft. velocity from the muzzle would have 
much less velocity at the end of 500 yards; consequently it 
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wOlild take more than a second to traverse the dista.nce, and 
therefore would drop more than 1 Gft. The differen4le between 
16ft. and the actual drop will be the portior. due W t~ 
action of air-resistance. 

It may be said, however, that this gives no idea Df the 
extent of the drop indirectly oaused by the air ~n' any given 
distance; and such a remark would be perfectly true. It is 
easy enough to give the vague general answer, but by no 
means so easy to furnish the special reply directly applicable 
to any particular instance. Every case must be dearfi with 
according to its own circumstances. You require, in the first 
place, to know the weight and shape of the bullet, the bore, 
and the velocity j from these facts, by &. process of calculation 
that will hereafter be described, you may ascertain how much 
the velocity will be reduced in a given di'3tance, and there£~om 
you may calculate the time the bullet would take to traverse 
the range, and from this period of time you will deduce 
the total amount of drop. When you have got R11l'n 

particulars, you may subtract from this total drop the corre
sponding amount derived from the supposititious case of the 
bullet losing no velocity, and the dIfference will be the 
portion due to air-reSI&tance. 

The knowle,lge of the result in one case will not, however, 
necessarily afford information as to tho result in another, 
unless the velocities are alike, and weight and bore in the 
same proportions in both instances. An alteration in the 
initial velocity will give a different result Vl-ith the iilame 
bullet; an alteration in the bnllet wiII give a differeut result 
from the same initial velocity; and several different bullets, 

\fired with the same charge of powder from the same riile, will 
give widely divergent differences. Here al'e the estimated 
results (without descending to very minute fractions) obtained . 
from firing a solid elongated bullet, a hollow elongated 
bullet, and a spherical ball, each with 6drs. of powner, from 
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a rifle of ,577 bore. The two elongated bullets had very 
nearly the same muzzle velocity, but the spherIcal bullet had 
about 150ft. higher initial speed than the other two. The 
differences at 100 and 200 yards are given with all three. 

Solid bullet 
Hollow bullet 
SIlherical shot 

Total Amount of Drop 
In IOOyd. In 200yd. 
6~in. 32in. 
&.tin. 34in 
nino Win. 

Alr_~it;~~~~ I Difference 
In lOOyds In 200yds I In IOOyds In 200yd. •• 
,Still. 2lin I tin. ... llin. 
5tin. 2lin. 1 tin. . J 3in. 
4}in. 18in. 3 in. .. 31ill. 

From the middle column it will be seen that the action of 
graviet, without air-resi::.tance, would give least drop with the 
highest initial velocity, and c'lual drop with equal velocity 
though different ~ullets. But the other columns show the 
greater effect of aIr-resistance on the lIghter bullets, and the 
difference producE-d on the spherical ball is more than double 
the difference with either of the others. It is obvious, 
therefore, that no definite rule can be lmd down which would 
apply to flU cases. 'rhe i>uhject of alr-resi&tancc will, how
ever, be more fully treated of III the enbuing chapter. 



OHAPTER IV. 

ATMOSPHERIC RESISTANCE. 

THE amount of resistance opposed by the air to the passage 
of projectiles is truly marvellous. As a rule, howeve!', most 
people have very vague notions of the force of air-currents 
or air-rosistance. Everyone, no doubt, has some personal 
experience of the power of the wind, a" it drives him along or 
resists his progress in Htormy weather; but ideas as to what 
the pressure amounts to ate usually very indefinite. We 11:lar, 
it is true, after the occurrence of disastrous gales, a good deal 
with respect to their estimated force; and the newspapers 
publish statements of the amount of wind-pressure which 
caused the destruction of the Tay Bridge or some other 
edifice. We learn that the wind exerts a pressure of about 
2mb. per squaro foot when a gale blows at the rate of a mile 
in a minute; that a hurricane of 80 miles an hour gives 
a pressure of more than 3mb. per square foot; and that, 
if the velocity of the wind reaches ] 00 miles fLn hour, 
the pressure is raised to about 5mb. per square foot. 

Such air-currents, however, except that they extend over 
vast surfaces, are insignificant as compared with the atmo
spheric pressures on projectiles moving at high velocities. 
The hurricane of 100 miles an hour travels less than 150 feet 
in a second, or with not one-tenth part of the speed of bullets 
from many sporting rifles. 

Action and reaction being equal, the pressure produced is 
the same, whether air rushes at a given speed against a motion
less body, or the body is propelled at the same rate in a calm 
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atmosphere, or whether movemE'nt in both s€'rves to produce a. 
combined velocity of similar extout; so that there would be 
the same atmos!,horic pressure on the front of a locomotive 
when thA train runs at 40 will'S au hour and meets a breeze of 

10 miles an hour, as when the engine 1"l lllS at 50 miles an hour 
and there is no wind, or when it runs at 60 miles an hour and 

overtakes a lO-miIe ureeze that is blowing in tho same 
direction. In each case the atmosllh'pric pl"l's"ure would be 
the same as if the wind were hlowillg at the lato of r)o miles 

an hodt and the engine" ('re standing stilI; and the pref-sure 
per square foot would he about 1211b. In a flimiiar manner, 
but with greater force, would the pll';:'<llre of thp atmosphere 
act on bullet.., in motion. 

What may be the amount of prl'''SUl'E' l'xl'rted by the air on 
movlllg projectiles was ascertallH'd a fow yearH ago by the 

Rev. F. Ba,qhfvl·th, ProfeHsor of .AppliC'u MnJ}}('malieH to Roya,) 
Artillery Officers at Woolwich. He fOUllU, at> tho re'>ult of 
experiments carried out by orupl' of the Guvt'rIJTIl!'I1t, that with 
It l1in spherical .,hot (wlljeh i~ almost exactly (HIt' square foot 
in sectional area) the re<;i ... tancc of the all' produc(>R n pre"HUrf' 
of rather marc than a tOll Wbf'll t}](, "hot 18 moving with 
1400ft. velocity; and that with a V(']O(,lty of HIOOft. per 

second the resistance is increased to more thall two tOllH 1'01' 

square. foot. With "bnt of larger or fllllll llel' sizcs, the 
pressure, with the same velocity, 1'! proportionate to the 
amount of HU!'racC' the projectile'! pre"C'llt to thc ref-istance of 
the atmosphm'e, 6l.nd consequently would he at the rate of 
.a ton or two tons per .,quare foot on a sphf'rical hullet, if 
moving at the "peeds stflted; but It 4-boro bullet would only 
be about the v-hth part or a square foot, anu one of '500in" 
diameter would be hbout the H"J., th part of a square foot, 
and the pressurn in proportion. No wonueJ', when they 
encounter such resistance as this, that projectiles of all kinds 
fall off in velocity as they pass through the air. 
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With bullets of light weight the loss of speed is much more 
considerable than Wlth heavy projectiles j for sLot of the Iilame 
shape, and moving with equal V'elocity, meet wit,h a resistance 
which, as just stated, is proportionate to the amount of surface 
they present to the atmosphere as they rush forward, whereas 
their weight, and consequent momentum, is by no means in 
-equal proportion, but decreases at a much more rapid rate 
than their diminution of "urface. 'rhus, the 14m. round shot 
just alluded to would weigh about 3t cwt., and the air
resistance would have a much less retarding effe<!t on so 
heavy a mass than It would have on a 4-bore bUllet of about 
an inch ill diameter, for the weight of the 14in. shot would be 
.about 1600 times as great as that of the inch bullet, but its 
surface would only be about 200 lime" as great. In like 
manner, a pellet of No.6 "hot, which is about T\i-th of an iftch 
in diameter, would be more retarded than the 4-bore bullet. 
Such a bullet is h€'avier than a thuusand pellets of No.6 shot, 
whereas its area of resistance IS barely a hundred timos as 
great; and whil€' tho air-resistance would depend on the 
niameter, the momentum, or, in other words, the" staying 
power" of the re<>pective projectIles, would be proportionate 
to their weight. Hence, the 14in. cannon ball, with 1400ft. 
initial velocity, would only lose about 20ft. of it'! speed in the 
£rst 50 yards; and tLe 4-bore bullet would fall off about 
150ft. in velOCIty in a hke di'!tance; whereas a No.6 pellet 
would soon be reduced to loss than half of its original speed, 
for if it startpd With a velocity of 1400ft. peor second, it would, 
after travelling 50 yards, have httle moro than 600£t. velocity 
remaining. 

Were it not for this resistance of thE' atmosphere, small 
~hot would not lose speed any faster than large ones, nor 
spherical balls more rapidly than elongated bullets. Indeed, 
there would be no loss of speed at all in projectiles. fired 
horizontally, £01' they would simply be drawn down towards 
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the carih by force of gravity. When fired in a. direction 
away from tho earth they would be reduc(~d in velocity during 
their ascent, owing tv the retarding influence of gravitation; 
but the decrease would bE' a cVll1paratively slow process, and 
the speed lost in the rise would be regai~.:Jd in the fall. Under 
such circumstances, a ball fired vertically into thl'l air with 
140Oft. initial velocity, would, whatever its weight and shape, 
ascend to a height of more than 30,OOOft., or about six miles j 

and in its descent it would acquire th£' sarno velocity that it 
had on ~aving the muzzle of the gun. Under exi~bng condi
tions, however-encountering, as it does, th(l reSIstance of the 
atmosphere-a bullet with the initial velocity just mentioned 
might not rise to a quarter, a tenth, or a twentieth part of 
the above-named distance; and thE' height of tho ascpnt would 
vary with the weight and "hape of the projectile. In the 
descent, too, the >:hot would again encounter the resistance of 
the air, and instead of re-acquiring the spepd it had on 
leaving the gun, it would reach the ground with a compara
Lively low velocity. It is stated, indeed, that the utmost 
velocity attained by the old-fashioned muskot-baH during its 
descent to the earth, after being fhbQ hi~h up into the air, 
was but little Qver 200ft. a second; for the rebH;~a.n(·e of the 
atmosphere suffices to prevent any illcrpasp of velocity beyoncl 
a oertain point, when a body descends by the mere force of 
gravity; but that point would not be alike with all projectiles, 
as it would depend upon their weight and dimensions, and 
consequent power.of overcoming resistance. 

THE FORM OF THE BULLET. 

The shape of the bullet hs a very great deal to do with 
the amount of resistance it encoll)lters in making its Wfi.y 
through the atmosphere. Spherical shot are ill-fitted for 
main~ning their velocity - first on account of the large 
amount of surface in proportion to weight (especially in small 
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projectiles), and, secondly, because Lhey are badly formed for 
thrnsting their way through the air. Elongated shot have 
much more weight in proportion to the extent of surface 
directly opposed to atmospheric resistance, and in snch pro
jectiles, therefore, one objectionable quality appertaining to 
spherical balls is got rid of; but if the head of th 3 elongated 
projectile be shaped like the half of a round ball, the second 
objectionable feature above alluded to is retained, and an 
elongated bullet with hemiRpherical head will encounter con
siderably more re~ibtance frl)m the air than will anothef bullet 
Rimilar in fuze 1mt better in form. In the hemiRpherlCal bullet 
there is a "bluffnes.,;" that remind'l I)ne of the full, broad 
bows seen in old-fashioned 'llow-moving sailing ve'lsels; and 
.a'l we know that the "peod of ..,hip" d'''pelld" largely npon the 

FIG. 7. FIG. 8. FIG. 9. FIG. 10. 

~'lines" on which they are built, so do we find the velocity of 
the projectile influenced by its Rhape. In the one case as in 
the other, the amount of resistance is determined, not merely 
by the bulk and speed of the moving body, but also by the 
lines or curves which that body presents to the fluid through 
which it has to force its way. 

In the above figures are shown sections of several half
inch or '500-bore bullets, which differ in the shape of their 
heads, but are alike in the body, being two diameters (or 
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one inch) each in length, independently of head. In Fig. 7 
the heau I'! hemispherical; in :Fig. 8 and Fig. 9, both heads 
are ogival in shape (like the pointed windowH and arches of 
Gothic buildings), though they differ in their curves, whioh 

are formed on a radius of one diameteI' in the former case and 
of two diameters in the latter. In Fig. IV, the curvature 
at the shoulder is "imilar to that in Flg. 9, but tlw point hf'ing 
rounded off, it hecome" elliptic, or, rather, h(>mj~phoroid!tl at 
the end. The IJullet3 are shown with ('qnal length of body, 
in orde~ that the difference III "hape of the head may ho more 
obvious; but, of cour~e, if the Imllets had to he made of 
equal weight, the body of the longpr Lul)etH would have to he 

somewhat "hortened. 
Bullets shaped likf' Fig. 7 encounter cOllsJ(]erahly mom air

resistanre thl1J1 do those formed like l~ig. 8 or I"ig. U. The 
difference betwl'L'n the lattl'r two j" hilt trillillg as regards 
resistance, although one i" more f..harply pointed than the 
oth('r j and it is a curious fact, too, that tlw l'l'UloYf11 of the 
IJoint h}]'s very little influencp 011 the atulIlsplwric resistance, 
which depends le~s on the sharpneHs of the bullet at tho 
apex than on the nature of the curV<1hl1'e at tho shoulder. 
Profossor Ba"hforth found, as the result of experiments with 
elongated projectIles having heads of different ..,hape, that the 
resistanco to tho hemispherical head (Fig. 7), at a velocity 
betwoen 1100 and 1200 feet pOl' "econd, waR about 25 per cent. 
greater than with either of the other forms shown in Figs. 
8,9, and 10. He-says:" The re'3istance to tho hemispherical 
head was decidedly greater Than that opposed to the remain~ 
ing three forms. The resistance of the air to the homisphe. 
roidal and the ogival heads 7aried so little that it was plain 
that any of these forms most serviceable III other respects 
might be safely adopted. The slight variations in the resist. 
ances to the three latter forms lead to the conclusion that 
the amount of resistance offered by the air to the motion of 
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eloligated shot is little affected by the more or less pointed 
a.pex, but depends chiefly upon the form of the head near its 
junction with the cylindrical body of the shot. In this neigh
bourhood the forms of the hemispheroidal head and the ogival 
head struck with a radius of two diameters are the same, and 
the resistances are little different!' 

Between the perfectly flat head and the hemispherical head 
there is not a very large amount of difference as regards air
resistance, though it is rather greater with the former than 
wi.th the latter. It is strange, however, that with ofldinary 
round shot there should be much more resistance than with 
elongated bullets having rounded heads, and moru even than 
with flat-headed projectilos. It has just been stated that 
there is about 25 per cent. more resistance with bullets 
shaped like Pig. 7 than with the other shapes figured; afld 
the resistance increases to about 30 per cent. with flat-headed 
projectiles; but with round shot thc resistance is upwards ot 
40 per cent. more than with elongated shot like Figs. R, 9, 
and 10, at the velocity previously stated, and at a lower velocity 
(lOOOft. per second) it is about 90 per cent. more; for with 
change of speed the degree of the resistance does not alter in 
similar proportion with the different projectiles, as will be 
oevious from the following table, where the velocities range 
from 1000 to 2000 feet per second. Here the figures relating 
to 14in. round shot are included in order that the air.resist
ance on projectiles of this diameter may be regarded as 
"pressure per square foot," a 14in. circle being just about one 
square foot in area. 

In the case of the bullets of '500 bore, the last two columns 
~ll show the respective pressures on projectiles of half an 
inch diameter; but elongated bullets are, of course, much. 
heavier than spherical balls of the same bore, and therefore, 
in order to indicate the proportion which the pressure bea.rs 
to the weight of the bullet, a number is in each case p1.a.ced 
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between parentheses. Thus, in the first line, the preSBure of 
thd air on the 'SOO-bore elongated bullet is indicated as equal 
to about ten times the weight of the projectile, whereas that 
on the spherical ball of the same diameter is about forty times 
the bullet's weight. Hence it is that the spherical ball loses 
speed so mucb more rapidly. 

AMOUNT OF AIR-RESISTANCE AT DIFFERENT V ELOCITIE8 : 

With 14-!nch Shot. With '~OO-boro Bulieta. 
Velocity. Oglya.1. Spherlea.l. Oglval. Rpherloal. 
Ft.-see. lb.. lb.. lb.. lb •. 

1000·......... 456.. ... ... 859 ........ 0'58 (10) ........ 1'10 (40) 
1100 ......... 866 ......... 1227 ........ 1'10 (19) ....... 1'56 (56) 
1200 ..... 1153 ........ 1614 ......... 1'47 (26) ........ 2'06 (74) 
1300 ......... 1453 ........ 1977 ......... 1'8,'; (33) .... 2'52 (91) 
1400 .. ... .. 1794 ... ..... 2361 ...... .. 2'23 (40) ..... 3'01 (108) 
1500 ......... 2012 ......... 2755 ......... 2'57 (46) ........ 3'51 (126) 
1600 ........ 2238 ......... 3179 ......... 2'8.5 (51) ......... 4'06 (146) 
1700 ..... 2483 ......... 36]3 '" .... 3'17 (57) ... 4'61 (166) 
1800 ......... 274.5 ........ 405.5 .. .. .... 3'50 (63) ........ 5'17 (186) 
1900 ......... 3011 ........ 4539 ......... 3'84 (69) ........ 5'70 (208) 
2000 ......... 3351 ......... 5060 ......... 4'27 (7!l) ......... 6'45 (232) 

For the purposo of the above comparison with 'SOO-bore 
pullets, the elongated projectilo has been aFlsumed to' be double 
the weight of the spherical ball. 'rhus, supposing the latter 
to weigh about 200 grains and tho former 4,vO, the air-resist. 
ance to the spherical ball would, at 1000 ft.-sec. velocity, be 
equal to nearly 40 times the weight of the ball, whereas with 
the elongated bullet it would be only about 10 times the 
weight of the projectile; and with higher velocities the pres
snre would go on increasing as shown by the respective 
numbers. If the" elongated bullets were of more tha~ double 
the weight of spherilJal ball~ of the same bore-as many are 
-the contmst would be fltill greater than is hore shown. 

DIFFERENCES OF BAROMETRICAL PRESSURE. 

It was intimated in a previous page that difference of baro
metrical pressure nas, in some cases, a considerable effect on 
the amount of retardation produced by the air, and conee

F 
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qU!'Jntly on the extent of the ,. drop" in the bullet,; and the 
longer the range and the lower the velocity, the greater this 
difference will be, while with short ranges and high speed the 
effect will scarcely be noticeable. Spherical balls are more 
sensitive to the change than elongated projectiles, and heavy 
bullets less so than light ones. Reference has been made in 
a previous' page to two "portsmen who went on a shooting 
excursion across the Himalayas into Thibet, and who found 
great difficulty in hitting their game in the hill country; ~lIld, 

as already remarked, it seems probable that the result may 
ha.ve been due in some measure to the difference of the drop 
of the bullet in a l'arefieu atmosphere. What the greatest 
height was at which these gentlemen used their rifif's -is not 
apparent from the account of their doings. Theyasconded 
to the hoight of about 20;000 feet, yet it is not probable t'!lat 
they continued to shoot up to that elevation; but as mention is 
made of kakul' or barking deer being found up to the height 
of 10,000 feet, and musk deer up to ] 2,000 feet, and of thH 

party having gone in pursuit of tahr, or wild goat, at 
greater elevations, it mlLY well be presumed that they used 
their weapons where the barometrio pressure was less than 
20 inches, which would be at about 11,000 feet high.* The 
"highest inn in Bumpe," on the Riffelberg, in the Alps, in 
the neighbourhood of the Matterhorn, is about 8500 feet 
high; and at this height the barometer would mark about 
22 inches-a fact which may perhaps be of some little interest 

• Since the above was written, two letters have appeared in th", Tlmes 
(Sept. 13, 1883), descrIptive of mountam-climbing in the Himalayas, by Mr. 
Graham, a member of the Alpine Club, with two Swiss attendants. Writing 
from a camp at an elevation of 14,OOOft., he says' "Boss is shooting. There is 
not much sport, but I was luoky enough to get a tine onnce or snow leoplU'd. 
The peak Kang La, which Imboden and I ascended, is either 20,30Oft. or 
20,800ft., according to the two known ~urveys; so that I shall not return quite 
empty handed." And in the second letter Mr. Graham said: "We managed to 
bag another peak, which I have taken the liberty of calling Mount Monal, On 
account of the quantity of these fine birds on its lower slopes. Height, 22,326ft. 
by Government survey." • 
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in connection with this subject, as chamois are still to be 
found iu the district. 

The reduction of barometrical pressure has a very similar 
influence upon the motion vf the projPctile to that which 
would be produced under ordinary ,~tmospheric conditions 
if an addition were made to the weight of the bullet ,vithout 
enlarging its area or lesbening its initial velocity. Under 
fluch circumstanceb a less amount of retardation would result 
from the resistanc'1 of the air. A fall ill the barometer from 
SOin. t"o 29in. would be ];)'.e mulhp]yillg the lluml)('r of grains 
in the projectile by ] ~:, or, in other words, increa,>ing it by 
~th of its weight; thUf~, in the case I)f tho Martini-Henry 
bullet, rai"ing it, iu effect, from 480 gmill;' to about 
496l graiD';. And if the barometric prl'ssuro dimiuishes 
to 20iD., the effect would be ~Imilar to mllILiplymg the 
bullet's weight l)y 1 ,~, and thus incr('3-.ing it l)y one-half, 
which would be sImIlar to an incrl'a'\e of the Martini-Henry 
bullet from 480 up to 720 grams. Such, indeed, is the 
likt:ncss of result, whereas the (hfference in calIse is, that 
in the one ca<;e Ie;.,> obbtru(,tion j;. offered by the reduced 
weight of the air, and, in the other, thaL thr> pOWl'r of over
coming obi>truction is enhanced by the increased woight of 
the bullet. 

The modern" Expresb" rifle has considerably altered the 
condition of thillg., from what they were formerly; and there 
is nowaday'! mnch less necesbity for the ('xerci"e of a 
discriminating- juflgment than there ub{"d to be when none 
but spherical balls were III vogue. As the Himalayan 
excursion already alludbd to took place some twenty years 
ago, the rifli:ls llsed were not" Expresses," and the soherical 
balls employed were by no means of large dimensions.. '1'he 
rifle carried by the writer of the narrative was only a 24-bore 
{almost exactly the same diameter as the '577 Express), 
which, with a spher~ca! ball, must necessarily have ,had a very 

.F 2 
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high trajectory at the long ranges at which it appears to have 
been used by him; and its susceptibility to d!fferences of 
atmospheric pressure must have been considerable accordingly. 
If this rifle gave an initial velocity of, say, 1500ft. per second, 
its bullet would, in a range of 200 yards, drop about 1 tin. less 
for every inch of fall in the barometer. Supposing, then, 
that these -sportsmen were shooting at such an elevatIOn that 
the atmospherlC pressure indicated on the barometer was 
reduced from SOin. to 20in., and that their rifles had been 
sighted in England, where 30in. j" the normal height of the 
barometer, the 24-bore bullet, after a flIght of 200 yards 
through the air, would be about 15m. hIgher than the spot 
aimed at, so that a bullet which, under ordinary circum
stances, would have kIlled or wounded an animal, might pass 
clean over its back in consequence of the dmllnis1:ted 
resistance of the atmosphere. 

At short dIstances, however, the variatIOns of drop from 
this cause are so small as to be practically unnotlOeabk, 
especially with heavy elongated proJectIles; but even with 
these the dlfferences are more marked as the dIstances 
increase, and at long ranges they become very considerable. 
The dlfference may be saId, in round numbers, to increase in 
proportion to the cube of mcraase in range, so that if the 
bullet were an inch hIgh at one distance, It wOjlld be about 
Sin. hIgh at double the dIstance. With heavy elongated 
bullets, such as the Martmi-Henry, the proportion keeps very 
near to the cube; with spherICal balls there is a greater ratio 
of difference, as will be seen by the following figures: 
DIFFERENCE IN DROP Oll BULLETS WITH 1 INCH DIFFERENCE IN 

BAROMETER (29" AND 30"). 

Martini.Henry, With} 
1350 t't -sec muzzle , 
velocity 

24-bore spherical ball, 1 
with 1500 ft -sec, 
muzzle velocity . 

At lOOyds At 200yds 

O'04in. O'34in, 

o 17in. Hlin. 

At 400yds At 800ydll. 

2'6in. " 22in. 

15'7in. 
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»UTlilJl.ENCE IN Doop WITH lOIN. DU'FEJl.ENCE IN BA.OOlllETEB 

(20" A.ND 30"). 
At IOOyds At ~00yd. At400yda. At8OOyda. 

Martini-Henry, with J 
171ft. 1350 ft.·sec. muzzle O·43in. 3·6m. 2ft. 2m. 

velocity . . 
24.-bore sf,herlcal ball,} 

with 500 ft .. sec. l·70in. 15·4in. ... 13ft.Oin. 
muzzle velocity 

It will be observed that, with every doubling of distance, 
the difference wiTh the Martini-Henry bullet increases in 
about· an eightfold dog-rpe, whereas with the spherical ball 
it is even greater, the increa'lo being tenfold 01' th~reabouts j 

and although, when the barometer falls from 30" to 29" 
(which might happen ill the course of a few hours in theMe 
islands), the 24-bore bullet would show only about ii~. 

greater variation than the Martmi in 100 yards, yet the 
augmentation iu so rl1pid that the dliIerence in the height 
of the spherical ball at 400 yards would exceed loin., 
although in the case of the long hullot it would he less than 
3in. With the great reduction in barometrical preSbure that 
occurs in high mountain regions the differences increase 
accordingly. Thus, at the height ot aLaut 11,000ft. (where the 
barometer marks only 20" instead of 30") the bul:('t loses no 
more velocity in traversing 300 yard,> of this attenuated air 
than it wop.ld in passillg through 200 yards of the heavier 
atmosphere near the sea level. Consequently, about ten 
times as much effect is produced hy the lOin. reduction on 
the barometer M by the lin. fall previously alluded to j and 
in 400 yards the difference with the 24-bore spherical ball 
would a.mount to about 13ft., so that the bullet which would 
strike less than 1 tin. hll5"lt at 1 00 yards would increase 
the difference lU height more than ten times fOF every 
doubling of distance. Obviously, it would be useless to give 
the difference with the spherica.l ball in ranges beyond. 
400 yards. 
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It may probably be said that D,)body would think of firing 
at game 400 yards off with a 24-bore spherical ball. These 
particular remarks, however, are not intended to demonstrate 

, what would be dOlle nowadays, but to illustrate principles 
t,hat are still in force by striking examples of what was done 
in days gone by; and the writer quoted said, in one part of 
his narrative, after alluding to game found at elevations 
up to 1l,000ft.: "I amused my;;;elf with three long shots at 
a gooral, who was feeding about 400 yards off, down a khud,. 
but missed him. . . . . He could not see me, and, OD the 
first two shots being nred, soemed llf>i to understand it at 
all. . . . . The third bullet, hitting the ground close to )li8 
feet, roused him from his fancied Hocurity, and away he 
bounded out of sigJlt. 'rhis auimal was probably much 
fa.rther off than I have stated; £01' distance is so deceptive" 
in mountainous ground, and I should not have seen him at 
all if I had not discovered him with the aid of my 
binoculars." 

Elongated projoctiles, more o!:lpecial1y lwavy ones, are 
affected much less than spherical hall; hut the following 
ngures will I:lhow tbe rE'gularity of incl'ca<;e in velocity and 
diminution in drop of a Martini-Henry hullet in a 1000-yards 
range, with eacL successive reduction of an inch in the 
barometric scale. The laHt column shoWF! the consequent 
rise of the bullet above tho mark aimed at, supposing the 
elevation of the rifle to he equal throughout. The initial 
velocity of the bullet is taken at 1330 feet· per second, Rnd 
the third column shows the remaining velocity at the end 
'of the 1.000 yards range. .A text-hook issued by Government 
for officers at the School of Musketry gives the muzzle 
velocity of the Martini-Henry as 13{j5 ft.-sec.; but various 
chronograph records have not greatly excoeded 1300, so
that 1350 is taken as an intermediate round number: 
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Height ",bove V~loclty of Drop of Height of 
llarometer. bull.t at bullet in bullet .o .... lovel. 1000 yards 1000 yards. above mark. 

30in .... 0 672 ft.-sec. 186'0 foot () 
29 841 feet 684 182'1 

" .. 3'9 feet 
28 1832 " 

696 178'3 
" 7'7 " 27 2859 

" 
708 

" 174'6 ., 11"4 " 26 3926 " 720 171'0 
" 

15'() 
" 25 5033 

" 
733 

" 
167'3 

" .. 18'7 " 24 6186 " 
746 " 

l6S'(j 
" 22'4 

" 23 7389 " 759 160'1 " .. 25'H " 22 8644 
" 

773 156'7 
" .. 29·a 

" 21 9958 787 
" 

153'3 .. 32'7 " 211 11336 " 801 150'0 
" 36'0 " 

Express rifles vary so much in the velocity and weight of thetr 
projectiles, and tho atmo<;pheric rel:llRtanC'c alto'S so greatly 
in ranges of different length, that a Vl'ry E'xteusivo spries of 
tables would be required to "ct forth the rplative cffpct of 
changes in barometrical pres~mre with I~xprl'ss hullpts diffcring 
in size, wejght, and speed; but 8ufficipnt bas been silid to 
show that, at ordinary sporting range'>, with our modern 
weapons, the rmluction of weight in tllp ntlJlo:,o;phpre affects 
the drop ()t the bullet only to the l'xtOllt of illclll'b, where 
formerly the difference amounted to lPot. 

It may be as well, howevc'I', to gin. tlw following two as 
typical examples; but the illch-by-illch YariatilJn diffl'rs 80 

little from the mean of lOin. that it i., not thought necC''lsar'J 
to give the figures throughout: 

DROP OF EXPRESS BULLETS AT DU'FERENT BAROMETRICAL 

PRESSUltES. 

'450 DORE; 26.j)GR. BULLET; 1900 FT.-SEC. MUZZLE VELOCITY. 
Drop of Bullet ill 

Heigbtof -----"--------~ 
Barometer. JOO)-18 J"Oy<lR 200y<lH IO()yo. 400ycls. 

30" ............ 6·0mn. ,. 15·50in. .. :n·2!)il1. 88·!Jliin, .. 191'5lin, 
29" ............ 6'03 !!) 31 ... 30'71 8{j·!JO ... 187'06 

20" .......... 5'62 ... 13'69 

Tota}l"eduction 1. 
in 10" ........ S 

Mean reduction} 
per I" ......... 

0·47in. ... I·Slin. 

0'05 0'18 

2643 70'26 .. 146'89 

4·82in. 18·70m. ... 44·62in. 
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-4/)(1 BORE; 360GR. BULLET; 1600 FT.-SEC. MUZZLE VELOC1TY. 
Drop ot Bullet In 

Helghtot rr-----------"-,------------, 
Barometer. lOOyds 150yds 2OOyds. 800yds. fOOyds 

30" ....... b·09in. . 19·89in .... 38 58in .... 101'94in .... 207'Olill 
29" .. .. ...... 8'04 ... 19'72 ... 38'12 ... 100'~ .. 203'60 

20" ............ 7'63' ... 18'25 ... 34'35 86'74 .. 172'24 

Total reductiOn} 
in 10" . .. 

Mean reduction 1 
perl" ....... 5 

O·46in. ... I·64in.... 4·23in.... 15·20in.... 34'77in. 

0'05 0'16 

It will be seen that at 100 yards the reduction of drop is 
almost exactly the same with both bullets; but on comparing 
100 with 200 yards, 150 with 300, and so on, it will be found 
that the rate of reduction proceeds more rapidly with the 
lighter projectile, there being in double the distance more thaD 
a. ninefold difference with the 260gr. bullet, and little ovel 
eightfold with the 360grs.; and at 400 yards the latter is about 
seventy times greater than at 100 yards,. while the former i~ 
about ninety timE's greater. The light bullet suffers most 
from air-resistance at high barometrical pressures, and con
sequently receives most advantage from their diminution, and 
the result is shown in its flying higher than the heavier bullet 
of the same bore. 

There is another way, too, in which atmospheric resistancE 
affects bullets, though not in a great degree such as are used 
for sporting purposes. As stated~ in page 61, bullets art: 
retarded by the air when falling towards the earth; and thi! 
especially affects the drop of those fired at very long rangee 
The time of the Martini-Henry for 1000 yards is nea.rly 81 
~Qonds; in that time the velucity of descent would exceed 
t 0(\ feet per second, but the more rapid the drop becomes} the 
greater is the resistance encountered, so that the projectile 
is to some extent, buoyed up by the a.ir during its descent. 
This would operate on light bullets to a greater extent tha.n 
on heavy ODes if the range were equal, and would tell lDost 
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-on t:hose that have great length in proportion to diameter. 
Sporting Wflapon&, however, are seldom fired at distances 
that take more than a second for the bullet to traverse; and 
the air-resistance in a drop of one second would not be a 
lienth part of that which occurs in a drop that lasts for 3i 
seconds. 

Temperature and moisture are other causes of variation in 
the weight of the air, and consequently alter the amount of 
resistance it offers to the passage of the bullet. Fortunately,' 
howevet, in many cases thf:l alteration due to tempera~ure tends 
to counteract the alteration due to elevatwn. In high mountain 
ranges the barometrical pressure dimmiilhos, a,nd so does the 
temperature; but the weight of the air is l1lcreased by the 
latter and decreased by the former. This subject, however, 
will be further alluded to in the chapter relative to the esti
mation of trajectories, as likewise will that of moisture in the 
atmosphere. 

The force of the wind also has an influence on the drop of 
the bullt:t. Tt is commonly said that a head wind « beats the 
bullet down," whereas a wind from the rear "drives the 
bullet up." These expressions, however correct they may 
be in the sense of the bullet being placed higher or luw!:'!' on 
the target, are apt to mislead as to the cause of the difference 
of position. The" beating down" is not to be taken in its 
strictly literal acceptation, but as representing the effect pro
duced by a lessening of the speed of the bullet-in consequence 
of which it takes & longer time to traverse a given distance; 
and the longer the time the greater is the amount of drop, 
as already explained. The wind from the front or rear pro
duces, indeed, a somewhat sillli!ar effect to a rise or fall in the 
ba.rometer : it increases or diminishes the amount of resistance 
encountered by the bullet, and thus, by affecting its speed, 
iD.directly lessens or increases the drop. Let us suppose, for 
example. that a bullet has a mean velocity of 1200it. in 8 
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400-yards range: it would thus take just one second to 
traverse the distance, if there were no wind. If, however, 
there were a head wind, the bullet would be delayed in pro
portion to the winll's velocity. One mile an hour is equal to 
rather more than 171in. a second; and, taking half a yard 
per second as a round number, a wind of twenty miles an 
hour would be equal to 10 yards a second. A bullet meeting 
with such a head wind would be retarded to the extent of 
about 10 yards in the 400-yards range above mentioned, and 
consequently would take rather more than a second to·travprse 
the distance; whereas, if it had a rear wind of the same 
velocity, it would do the like distftnce in rather under a second. 
The effect would be similar to increasil:~ the range to 410 
yards in the one case, aud reducing it to j!)O in tho other, if 
there were no wind. 'rho difft'rellce l1lay seem small, but tlie 
drop, as already stated, is ill proportion to the ";;,quare" of 
the time, and the differonce between the two positionR of thE:: 
bulleL would be about 19in.; the one being about !ltin. above 
and the other about 9iin. below what it would have been had 
there been no wind. In a range taking double the time, the 
difference would be increased fourfold; in one of half the time 
there would be only a fourth of the difference, and so on. 
Hence (If wo af1sume tho mean velocity to be equal in each 
case) there would be in 100 yards a variation above or below 
of little more than half an inch; but in 1000 yards the varia
tion would be about 5£t. each way. 'I.'his is on the supposition 
that the wIlld has a velocity of twenty mile~ an hour. H the 
velocity were but ten miles an hour, the difference of drop-

, would be but half as much; and t;0 with other wind velocities. 
Moreover, the supposition here is that the mean velocity of 
the bullet is uniformly 1200ft. per second; but every bullet 
having a different velocity would require a different estimation, 
and as all bullets lose speed during their flight, there would be 
Borne amount of var,iation with every change of distance. 


