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o Thlﬂ pa.mphlet is prmteél in order that Al t.111 Oiﬁcars may E ]
¥ know ‘the pnsa:bghtma of Sound: Ranging. It is aow pstabhshed-“

tha.t Sound Rangmg wrll glve the fc:llamng reﬁults _—

? 1 Fix the posltmn of an hostile gun within 50 yards mth onﬁ‘_
. good observation . and Wlthlll 25 yards with a aerms of .

- observations.

2' Gwe the calibre of the hO‘!tlle gun and the pomtmn where

| ‘the shells fired by it fall.
- 3, Indicate what hostile batteries are firing.

- 44 Indtca.te the place where the shells rom our own guns o

~burst. It is thuq possible to range our own guns an

the *differential method,” this can be done with great :
accuracy, when the gun or battary which is being. r&nged_

is ﬁrmg at a hostile gun whlch 18 a.lan in action.

Y It is heped that it may ahortly be poaslble to utlltze the Sound__'-
~ Ranging apparatus to give muzzle velocities.

1t is important that Artillery Officers should rea.hze that t.he

results obtmned by Sound Ra,ngmg can be rehed upon..

L]
ey S pr—————— e



| coNFDENTIAL

| SOUND RANGING.

A nmaommaE e p nEE S g el o o o R—
" e B e i 1l T 1 i a e g S SR — e

- MgtRop.

EJR. FiQufe 1 éxp‘litihé the méthod,'ﬁ? "wh-it_!h .-fliqcafltl;i:dﬁé?'a,re1-. obtamed
by Sound Ranging and the general disposition of the recording

. apparatus. |

- Suppose we have two stations at M, and M, (Figure 1) and
- that Dboth record the time of arrival of the report of a gun. If

~ this gun lies anywhere on the line CP, which is the right bisector

. of the line M; M,, the sound will arrive simultaneously at M, and

. M, If the gun is to the right of this line, at such point as P,,

“then its report arrives at M, before it arrives at M, and the ..

" further it is to the right the greater will the time interval between -

- M, and M, be. If the gun is to: the left the sound gets to My
- first. Suppose that the sound arrives at M, a time “t,” before .-

it gets to My, then the gun must be located on a certain hyper-

 bola with M, and M, as foci, and it is easy to. calculate the

~ constants of this hyperbola., -~ .~ oo oo

- In practice, this hyperbola approximates very closely to its
 asymptote near the German gun position, so that without appre- -

" ciable error one may take the asymptote. - It is, therefore; possible -

- to draw a scale of time intervals along the edge of & map board, -

on which the positions of the recording stations are plotted, in

such a way that if a definite time interval “t” is recorded, the

- gun must lie on a line passing through C and through the division
“t” on the scale. R R P A

"

Two points, M, and Mz,"'tﬁuﬁ _givé"a.' line on which' thagun '-

must lie, and three points combine to give two lines intersecting -

in the gun position. In practice it is: customary to have six
positions, the distance between neighbouring stations being about
1,600 yards and the length of tlie whole base about 7,600 yards.
The base is placed about 2,000 yards from the front line. - At each
of these stations there is a microphone, these being connected -
electrically to a central recording station. . -~~~ .

- At the recording station the currents from the microphone are
received by a special type of recording galvanometer. - This
instrument is capable of measuring to 1/1000 second the time at -
which the microphone is affected by the report of a gun. = ,

- In front of the microphone base there 18 an advanced post for

~ un observer. Wheun he hears a German gun fire, he presses a key
“which sets in motion the whole of the recording apparatus. The
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key is: kept down for B tu:na sufficient to- n.llow the snund of the
gun and:the burst of its:shell to reach the microphones, and then
- released. The time intervals are read from the record, and the..
resulb laid out on the map board. | g
- . ~The position of the gun and ‘that of the burst of the Bhell are -
found. -As well as this, the time of flighit can be calculated and so
the calibre of the gun can, in most cases, be détermined. A repurt
- of the activity of a hostlle ‘battery theréfore reads as fellows e IE

10.5 . m 7‘7 mm. gun at 02732740 ahellmg TGa. 4

The avemge time - ta.ken ta Ieport the actlvlty of a battery m’.- .
about ten mmutea. | L1

Acctmm'r mv Lucmmns

Norma]] y, & German gun is at a distance of about 8, 000 a.rds_
from the microphone base. The results vary in- their reliability
according to the weather conditions and other sources. of -error.
Under good conditions it has been found that the errer in location
rarely exceeds hfty yards. The resu]ts are divided mta tlu ee
classes-— )

e Clﬂﬂﬂ A. Error dues not ew:ceed 50 yards
. B e I P a fep” VRN 100 |
O""'.': 9o o L ":lf'; 2@

These hgures do not refer to the accuracy of the reaults, but t.o S
their reliability. For instance, a Class C result may be within ten -
yards of the trua position. The ‘may be compared with the.
- 100-per-cent. zone in the case of a gun. [hey indicate the reliance
"~ which is to be placed on them as estmmted by the conditions under- ;

- which they have been obtained. For instance, during December -
~and January, one section obtained 260 lncatlons of German:
batteries, of which one-third were Class A results In no case d]d .
“the error for these exceed 50 yards. |
In lncatmg a battery posﬂslon the mean of the best. reaults 18

" taken. If many results have been obtained the mean should be

within 256 yards of the true posltlon This is with reference to the -
~ trigonometrical points by which - the mmraphones ha?a been
- qurveyed a.ud is mdependent of the ma.p error, e e

COHDITIDHE UNDER WHmH Womc 15 Possmms

‘It is almost impossible to work when a wind of any ﬁtrangth is
I}IOW ing from the microphone stations towards the hostile battery.
Under these conditions the report of the gun never reaches the
recording stations at all, being deflected upwayds by the wind. - -

The records are conmderably interfered with when a Iarge |
~ amount of firing is taking place and a bombardment makes work
~ impossible. Interruption of the record by other noises than gun -
fire or shell burst-s 1as betm wemome y 1mpr0vements. to tshe___'.
appai atus.

o (4313)



8
. The microphone now used, while responding to a gun, however -
faint, as long as it is audible, is absolutely unaffected by other
?uiﬁaﬂ,gugh as speech, and is even unaffected by a rifle fired within
10 yards. s o Y T el e T R G e
- Work is also liable to be intérrupted owing to the difficulty of
maintaining the large amount of wire (about 40 miles) which
connects the microphones to headquarters. S AR
. Other conditions do not affect the results. In particular, a
- Sound Ranging Section can carry on in fog or at night, whoen other

means of ranging or-gun location are impossible.

RANGING BY SoUNL.

~ If a hostile gun fires and is recorded, and one of our batteries
fires at it imiediately afterwards, the burst of our shell can be
recorded under exactly the same conditions as the hostile gun.
The errors in locating the gun are almost entirely due to estima-
~ tions of wind and temperature,  These cancel when comparing the
results, so that the posifion of the burst with relation to the
target can be given very accurately indeed. Under favourable
~ conditions an accuracy of 25 yards for range and 10 yards for line -
- can be guaranteed. e e W . - a,

It is arranged beforehand which German batteries are to be

~ taken on should opfortunity occur, and direct telephone communi-

cation between the battery and the Sound Ranging Section is pro-
vided for. Directly good records are obtained of one of these
batteries, our battery fires at it and the fall of each round is
reported by the Sound Ranging Section. A result can be reported
four minutes after firing the gun.  As soon as the battery has got
on the target four or five rounds are fired, without waiting for the
correction to each round, and the Sound Ranging Section reports
the result of these rounds. after all are ﬁretil thus . making ‘the
- ranging much more rapid. -z fn s b L e g b Y

- It 18 possible to range on a battery which has been recorded
some time previously. In this case allowance has to be made for
the differences of wind and temperature on the two occasions.
These can now be allowed for with considerable accuracy, and
the whole error so introduced is not likely to exceed 50 y,'ardﬂ.
This greatly increases the opportunities for counter-battery work
ay ranging can be carried out whenever the weather conditions are
fav::iirﬂli:le. | | b R - =
 Lastly, it is possible to range by sound on a pin point
map, —But here the error of the -}1’113, i intﬂ?dﬁcgdm;;il Eﬁ:
accuracy of the results is dependent on this error. Wlhen ranging
o1 points close to the front line, the sound-ranging error does not
exceed 25 yards, and ranging can be carried cut under almost auv
weather conditions. - o o B i 2 T e

Ranging can be carried out with any calibre of gun or howitzer.
With the smaller calibres it is necessary to range when there is
uot much interference by other firing. The fuze makes an
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A.PPENDIX

F" fl‘ha n.t.tachﬂd tablea gnre th& results of mtual tna.lﬁ of mnging by sm:ml .
In. Table A the target was located by sound and the guns were ranged by

 the -differential method. In Table B the position o
. “from the map and corrections were made for wmd and tempamture
~ wind conditions were by no means favourable. -

the

gun was taken -
Tlte- o

. Although the results in Table B may be considered satisfactor Y, they'

show constant errors in line (Rf.) and -range (#). These érrors aro due 1o
the wind, the raté and direction of which can never be perfaatly known, and |
the advantage of the dr.ﬂ'erﬁﬂtial met}md m Very appafent. . P AT

' "

PP P ————

a LXI’BRIMEH'I‘AL f:LMEs, §-1ncit Bi L Ilmvmm (me;-lumma bmi mw)' |
. v S 14rm MARCH, 1917, - | |

- Target=H. 1c. 63.69=2 ,7‘5}0 ymds.

F'all‘of'lrbﬂn'd.' R C
- Round. "'. T = T -Sﬂuﬂdf&“EinEfJf TRemarks.
i Galuulated by Meaﬂured by PERR. -
FEEN] souud ‘rangmg X tape o g ‘l_- T
= ardﬂ y&rdﬁ - yards yaidﬂ yaldﬁ I yardﬁ LI
2 ;,-'.-B()L +60 | 78 L +89 & & ‘,;--—z.‘)' o
9 tpur! =10} 8L} —~p ] S8BT} ~b.] - -
-8 | Line | 45661 L@ | +56 PILRT | 4+ 2|
4. |2 RT | 4+0 | 3RT| +18 | 22RT -;13;_|- o
6 {101 -} =7 {13L | —50 | 3RIT | -256-} .
.6 | 6L | +0 [ 1L | =11 I 4L | +11 s
7 10L. - +60 | 1L | +48 | 9L | +-4 1
8 Uﬁabserved." 3 RT 1 B I e ] T
9 l1on | 480 | 2L | 87| 8L | =7
10 ‘| b RT| —-20 | 3RT:| =30 1 2RT l 410 |
‘11 | 8L .| 410 | BRT" ' . 4+20 [1BL | -10. |
12 | Line | +0 { 2RT| —2 | 2L | +:2 |
‘18 | BRT| F¥10 [18RT| + 7 | 8L | + 3 |
- 14 1} Line ~15 | 6. | —18 | 6RT | + 8
15 |- bL | +#25 |1ORT |+ 1 115L | +24
‘16 {15 RT| =26 | 1RT| + 1 |M4RT | —26.| -
17 | BRT | +46 [12RT} 466 | 7L | =11 |
18 {1oRT| —-13 [ 3L | —38 J13RBRT| ~7 | |
19 [ 20RT | +2> | 14RT |4 2‘1 B oD
20 | BRT | =25 2L | +b6°) TRT| =30 | g
21 115RT | +80 | 14 RT +ﬁa 1 1RT{ -85 | k
22 S3L | +£0 {10L 1 +20 b RT | —20. | .
23 | Line { 4 0| 8RT _-_.-+18”. S L =18 | |
24 15 L D F2W 2T o= 2 ) @RTY 522 4
2 BRI | +30 1 8L 1 +20 | S8R 410

‘Mean error of Bﬂlibb-—-f 52 R".l" aﬁd '14 " |

Mean a.lgebraw erroyr =

=17 li'l‘—-h 04, .



umrmous diﬂ'erance to ‘the reﬁults Dalay action fuaea a]most
- always give - goor results and if posslble dmact. actlon maﬂd

- al wa.ys be use

) MEMUREHENT OF Muzzn‘s VELQGHIE& Freng )
g The err or in recordm a shmt Hme mtarval b the galva- :
~ nometer can be reduced . -without. difficulty ta: 1[5000 second. -

'.Thls has been applied to the measurement of muzzle velocities

by the Experimental Section at the Overseas School of: Gunnery. -
| Ti;e shell passes through two wire screens about 20 yards apart,

‘breaking two electrical contacts, und the times are recorded by the

-' ga.lvanometer The muzzle veloclty can be recorded with an error
- not exceeding 5 feet per second, ‘At the front there is now a
Sound Runging Section to every Corps area, and it would be. very

| '.Baﬂy to carry out this calcula.twn for any gun where it is pomlble |
to erect the necessary ECPEEII& « | | .

HIBTORY oF SOUHD Rmm ING: &

; The Bull a.ppamtus wsed at ﬁrst by the Sound Banglng Sectmns %
~ was identical with that employed by the French Army: The first
_-axperlmental section was sent to' the front in October, 1915. In-
December, 1915, the results obtained were considered suﬁclently'_ |
~ promising to ]ustlfj the formation of two sections to each Army.
]I) June, 1916, a new type of mmroghnne was invented, and this
immensely improved the results, eliminating all the difficulties
~ due to the “Onde de choc,” and to interference by other noises
- than gun reports. It was declded in July, 1916, to form sections -
at the rate of 1 per corps. = About. tlns tlme ‘with increased
- experience, it was found possible to correct better for wind, and
‘this more than halved the errors of the results. ‘At the present B
time the whole front is covered by Sonnd Rangmg Sections, and
the work of location of hostile hattanes is- assisted largely - by
them. In particalar, a ‘Sound Ranging Section can establish =
- with certainty the exact targets at which each ‘hostile battery
fires and its calibre, because it re?sters and places the burst of
~ the shell as well as the report of the gun. Ranging on a hostile -
battery is, as yet, not carried out universally,: because, -although
~ there is every theoretical reason to' believe in the accuracy of
the results, no direct tests have yet been made. It is hoped to
earry these om shortly w1th the Experlmental cic*mnd Iianging |

| Sectmn -_

[NGTE —Since thls was wmtten these testa have. been cari 1ed out
a and the xeaul ts wﬂl be fﬂund in the Appendlx ] |



Ewmmn\mn SIERIBE, -1xon B.‘L Hmwrma (Sorm:- RAHGI.NG),
T L 14TH MM{CH, 191" |

nget-.—.:])atuni o B" 4208——421‘2 ya:ds | e B

. 'Fall _G['mund. R e Y l s gy wodh s
- Round. | | N S"‘““fr';‘j;‘mg Reniarks, -
¥ “Caleulated by Mensured by | . - R
ﬂound mngzng -tap’e. . . | | .l
o - b o rd + SO ) SO i
- | yards. ; yards. yards yards. | yards. | yards. |
1 15;3-11  Range | 28 L —13 |18 RT | +13 |
"9 | Tiine - =30 ; 19L | ~—73 [ 19RT | +23 .
3 |10L Range | 17L | —68 '\ 7RT ! +b8 N
4 5 RT ;--—3{1 | 18L | —40 j18RT ¢ -10°
b .| 10 RT : 460 7L | =16 {17RT | 465
6 | Line ~—40 | 14L | —36 |14 RT} —4
. g Line 50 : 18 L —76 [[I8RT | +26 | -
B Line ; 4235 | 0L + 9 |10RT | +16
9 |10RT ; ~25 19 L —72 |'20BT ! 447 |
10 15 RT | Bange | 13T | —10 | .28 RT.| 410 |
11 | pL | =2 | 8O0L | —65 [2HhRT | +40 |
12 | 5RT |- +2 | 11L | —4 |26 RT | +29
13 5L | +10 | .8 L | -23 |20RT |- +33
14 | 10RT : =25 18L || —80 | 28RT | 4+ &
15 | Line : Range | 27 L ~-26 | 27TRT | +26 ;.
16 |15RT -85 | 183L | —50 | 28RT | +15 |
17 | 2RT -50 | 0L} =72 !30RT | +22
18 [ 10RT | - 465 12L | 460 i 2RBRtC | 416 |
19 {16 RT ; Range. | 9L | =12 |24 RT | 412 | -
20 | 20 RT - Range |- 7L | =16+ 27 BT --;_-15 |

© Mean ervor of series=24-2 (mn e) au(l 91-75 (hna) arda
- Mean slgebraic error="21:75 RT and +22-8 sa.rds -

Nate -—-At « Switch Target " the mean error (5 reunda) WAS 1~ .

4284 yards for range.
o 7 8 yar-:lﬂ right for line.
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