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ON_THE MEASUREMENTS OF TIME OF FLIGHT OF BOMBS

Abstract

Calihration of the Western Electric Cloqk of the (Gauge Units
was undertaken for the vurpose of determining time of flight

.measures for bombs accurate to't0.00S sgcond. Conmparison with time

of flight measures made by the Chronogragh of the Vertical Camera
Obscura was made by means of seven determinations of which three
were secured similtaneously by both methods. The accuracy of the
Chronograph method was tentatively examined, :
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The comparison of Time of Flight measures of bombs
by the Camera Obscura Chronograph and the Western Electric
Cameras (Clock wasg suggested to the Bomb Squad of the
Dallistic Research Laboratory by Col, H. H., Zornig dur;ng
the summer of 193&, The photographic records secured are
by Mr. A. E, Jewell of the Gauge Unit and the electrical
installation for provision of the actuating inpulse for
the Western Electric Clock by Dr. A. H. Hodge of the
Measurement and Apparatus 3Section. The supplementary
measures of the Zero Point (Reaction-lag), and Rate of the
Western Electric Clock are by Dr. Hodge and Mr, Jewell.
The Chronograph time records are by Mr., S. P. Willan of
the Bomb Section, .



(1) Calibration of the Western Electric Clock for

Absolute

Pima Deteprmination

The employment of the Western Electric Clock
for accurate measurement of time of flight involves
knowledge of three quantities whidh may affect the photo-
graphically recorded clock readings,
The time interval between the instant of release of the
bomb snd the instant of the release of the signal; (b)
The time interval between the instant of the sipgnal and
the instant of beglnning of the rotation of the clock
dials, and (c) The departure of the reading of the clock
dials in faliling to record the exact interval from the
instant of commencement of their rotation,

1 congid

erable; (a)

{a) [Heasurement of the interval hetween the

inatant of the

bombh and the instant of the

sipgnal.

Relay R@aotion Lag and denoted by B

Thi

_ s interval is due only to the
operat;on time of the relay enployed in the transmitting
redio in the Bomber to cause the release of a radio signal
actuated by the release of the bomb load from the shackle.
This interval, which will hereafter

P.R.?

he called

the Plane

was accurately

neasured by Dr, Hodge and the measures submitted in a

E
PN R.-o 2865

E
= ~P.R,
Ep g .= ~T6 20,01865

38,
=(E

‘memorandun dated March 18, 19
E

No, P.R V..
1 Ep R.
1 0.018% .00015
2 0.0186 L,00005
E 0.01&5 .00015
L 0,01.86 .00005
.5 ¢,0191 . 00045
6 0.0188 ,00015
7 0.,0185 00015
& 0.0185 .00015

9 0.01&b .00005

10 0,018%5 00015

P.H,

-

)
P.Ry

The har denotes the Arithmetic Mean and T—

Error of the Mean.

“p.R.

E

.050225
0025
0225
0025
2025
0225
0225
0225
0025
022h

=.0g 3h50

As the Probable



The value E

E., ., =0.001l4 seconds; rg

P.R =+0.019 1s therefore the addltive correction

to the photogréph;cally recorded time intervals to take
account of (i){a). a

(b) Measurement of the interval bhetveen the instant
of the sgignal and commencement of rotation
of the %“.,E, Clock Dials, Thils interval is
due only %o the reaction-time lag of the YW,E, Clock from
reception of the sighal to the initlal motion of the dials,
and, as noted by Hr. Jewell and Dr, Hodge in thelr memorandum

dated Nov, 2, 1938,.2. 1s very small, owing to the fact that
“the elock zero is automatically set ahead to comnensate
for starting time¥. This interval will hereafter be called

the W.E, Clock zero point and denoted as FZ P, ‘The following

sequence of slmultaneous readings with the Gathode Ray Clock
with an arbitrary interval atter closing of the starting
switeh wag obtalned by Jewell and Hodge, where the third
figure, on the Western Electric Cloclk, and the fourth figure
after the decimal, on the Czathode Ray Clock, are subject to
error of esta.ma.tion°

No, W.E. Cathoede Ray E? P
: Clock Clock Face b - a
Face jo!
- a
1 0.075 0.0760 L0010
2 0,060 - 0.,0616 .0016
R 0,205 0.2040 ‘ -.0010
0.031 0,0345 L0035k
5 0,02l 0.02h2 . 0002
6 0,066 ~ 0.0677 0017
7 0,060 0 0627 ' .0027

7.p. o P, Yo, 00038, where the bar - and

r have the same significance as before, This correction 1s
evidently negligible in as much as +0,001 second 1s smaller
than the probable error of estimation of the photographically
recorded times.

(¢) The devarture of the reading of the Clock Dials
from recording the exact interval from the R
instant of commencement of thelir rotatinn. The
Western Electric Clock was checked for rate and accidental
and systematic error in rate by Dr. A, H, Hodge and F, V. Reno
during the month of December, 1937 by comparison of the Clock
face readings with N A A signals at intervals of one or two
hovrs, The following three sets of signals were obtained:
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Dec. 10, 1937 %

No, GMT V.E.
NAA Camers
Signal Face{Corrected for
Signal Error)
1 4P 57™ 00%0 o 35 - 17-760
C 2 58 00,00 0 36 - 17-760
3 5h 00 00,00 0 38 - 17-760
4 " 57 00,00 1 35 - 17-952
5 6 56 00,00 2 34+ 18-170
6 - 57 00.00 2 35 - 18-113

R = Rate per hour = Gain of Clock in seconds over true time
interval per hour = +07190/hr.

ry = +0.007, where rR=is the probable error of the given rate

in seconds per hour,

Dec, 29, 1937

No. EST., W.E,
NAA Signal Camera Face
{(Corrected for
Signal Error)

1 1 59™ 00800 37 - 31-697
2 12 00 00,00 38 - 31—629
27 -1 56 00.00 34« 3p-1kg

57 00,00 35 - 32-1k2
5 A& 00,00 36 - 32-1h7
6 59  00.00 37 - 32-151
7 2 00 00,00 38 ~ 32-153

R = Rate per hour = +O?227/hr.

=+
rR"" O 00001

oy [
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Dec. 30, 1937 : g;£;

‘Yo, EST . WE
NAA Signel - Camera Face.
(Corrected for
Signal Error)

1 118 56® 00800 52 - Li-2bl
2 57 00,00 . 53en 1heplg
R 58 00,00 54 - 1l-252
59  0QL00 . 55 - 14-256
5 1 57 00,00 B3 = l“-?B?
6 h& 00,00 Bl -~ 738
59 00,00 -~ 1h-741
g 2 00 00,00 %2 - 1&-7h3
9 3 B8 00,00 54 - 15-229

R = Rate per hour = +05243/hp,

rR=iO,OOOOTG The indication from hour to hour is that the

rate of the clock does not show a percentage variation ot
ten per cent elther of irregular or %yrtemut¢c nature, and

‘the rate can be concluded to be between 05200/hr. and 05250/hr.

at room temperature., It is probably somewhat dependent, in
the hundredths of a second per hour, upon surrcunding
temperature. During the flight of a bomb from the highest
attainable altitudes for bombs with C= 1,0 the gain of %the
clock on true time cduring the time of flight of the bomb

will not exceed 08003, In addition, it has the opposing

slgn when applied as a correction to the instrument ally
determined time interval to the sign ofrthe zero-point (E? p }

(2) Comparison of the Time Intervals Recorded by the
Camera Obscura Chronograph and the Western
Blectric Clock

The instrumental corrections examined above
include all those affecting the time interval recorded
by the Western Electric Clock, The Camera Obscura
Chronograph has a somewhat different set of instrumental
corrections which will now be exanined, These are

(a) EP H The interval between instant of release

of the bomb and inetant of the signal. EPHR°=0.015%65iogobo,ou.
(b} M.T.C. The interval between the arrival of
the bomb center of gravity at the surface of Bush Hiver
and the arrival of the sound wave at the microphone. This
assumes that no sound wave which came through the alr in
advance of the bomb ls recorded by the microphone which



e

- concelvably arrive for a fall of 15,000 feet-asrmuch 88

assumption, in the case of heavy bombg dropped from &
considerable altitude, is quite probably contrary to fact,
The arrival of a sound wave’ through the alr previous to

the wave in water 1s known to. 'occur, hut whether it possesses
energy capable of affecting the microphone is not certaln,
but cun be regarded as very prohable inasmuch as shorter

than vacuum times with heavy bombg have caused the ohservers

- to desensitize the microphone. The sssumption which has

been, and is, employed in these and other computations, 1is
that the only wave affecting the microphone is the wave
produced by the disturbance of the water when the bomb |
enters 1t. ‘The actual sound wave throughithe air might |

. 2 2 ' ‘
At =(t - V&;,gggo t X }seconds, where X is
T _ - -the horlzontal dlstance
from the release point to the micro-
" phone, if launched at a high initial
‘d¢r gspeed, or in the neighborhood of
31. ? - 14,7 = 17.0 seconds ‘in
, ddVanCP of tne bomb, The indlications
‘, are ‘that any wave arriving with
Cenergy csufiiclent to affect the
‘microphone does not arrive two
geconds in advance of the bomb and
L most probhably legs than one fifth
of &4 second, which is, however, very
.considerable, i :

Hicrophone

é
|

(c) ThP Microphone Relay Operation lag E, MR,

This was the subjlect of a series of measures by Dr. Hodge
on March 2& 1938 wb;oh are here 1¢sted (tension t;ght)

M R

+0,001& .7
. 400030 -
C- D 40,0022
' +0,0026.
- 40,0024 - S Lo
+0.0031 . - . L T
+0. 0038 o : L

The ‘mean valu@ EM R._ +O OOL6, EEM ﬁ = +0,00035, " In‘respect.

to the chrononraph error of eetimation, thig 15 nPgligible,



{d) The Receiving Radio Relay COperation Time
Lag FHR’ This ™as the sublect of a. series

of measures by Ur. Hodge,on:Mar.28, 1938,

Tenelon tight Tenelon looée‘
+0.003%9 +0.,0014
,+0.0030 +0,001L
+0.0035 +0. 0020
+0.0036 +0.0015
+0.0033% . . +0,001§
‘ EH R Mean +0,003L56 : +0,00160
) rldn _i. J M rl -
ER,R." 0.00021 ER . 0000035

In compariscn with the error of estimation of the
Chronograph FR R 418 evidently negligible.

{e) The Rate of the Chronceraph Control Clock
Multiplied by the Time Interval (Gain of
the Contrel Clock during the time interval
between signal and reception), EC C'EC G

is controlled by periodic ccmparisons of the Clock Face with
Naval Observatory Time Signals by ke, S, P. Willan at an
interval of two hours, A recent comparlson by Mr. Willan
showed tht TC c. during o thirty second time interval did

not exceed OSOOb, and 1s therefore negligible., Under the
assumnption of & perfectly definite Chronograph kick taking
place ingtantaneously and uniform rotation of the Chronograph
drum, the tine of flight reduced from the Camera Obscura
Chronograph data is given by

“Ey o, -E

I=1(T - By oo, r. " Par, o,
= (T5Ep By r.)
= (Ty~T )=Fy ¢ .¢. Ey.r."Ec, c FEp R )

where T, 1ls the luatter, and T the former instant recorded
by the “Chrenograph.

The value of E; . 1s negligible, but (FP r."Ey.R )

~amounts to 0.0l6 second provided bhoth these relay operation

times have not changed under conditions in nractice and is
necessary to take into account by adding +0.02 second to
time intervals obtained by the Camera Obscura Chronograph.

PROPERTY OF U.5- ARt
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The magnitude of MTC was the sublect of a previous study,
amounts to several hundredths of a second, and is ex-
plicitly taken into account in all computations, It will
be observed that in conftrast the time of flight as taken
from the Vestern Electric Clock is given by

(7y-L19-TdR) (T -Ep o -Ep p )

I

1

il

Tl—To*(Tl_To)R+EP,R,+ E, p_ » vhere T, 1s the

latter and To’ the former,instant read from the photographs,
and R is the Rate of W,E, Clock in seconds per second,

The uncertainty of the values of I“ o deduced from the

Western Electric Clock is in the noighborhood of ¥o .0CH
second where as those of+the Vertical Camera Crronograph is
in the nelighborhood of -C.03 second provided the sound wave
through the air does not result in a premature microphone
eignal. The values of I and the correcfions are;

_&-



O0ffice

o,

No microphone record

previous to impact

Kind of  W.E. E R(T,~T E 1 Obs. Chron. Chrom. M.T.CJ(Ep j-iI v
Z.P 170 .R. ¥.E P.R-*c.C 1
Catalog No. Bomb Camera F Wt. Release Signal Ey.Rr) (III“II)
Type Pace at (1;0) Reading Reading )
Weight Impact T, Ty
Hodel _Sac,
1938-a-4l4—2 1100 M33  18.113 0.001 -0.001 0,019 18,132 1.0 22.87 41,09 .027 .02 18.21 ~.078
1938-a~26-~1 1100 ¥33 32,132  0.001 -0.002  0.019 32.15¢ 1.0 - .02
-2 1100 M33  32-253 0.001 -0.002 0.019 32.271 1.0 16.13 hg.26  .039 .02 32.11 .161
-4 1100 M33 32,163 0.001 "-0.002 0.019 32.181 1.0 13.08 45,19  ,03r .02 32.10 .081
1938-38-1-3 300 T-1 22,732 0.00F -0.002  0.019 22.750 0.3 9.36 35.17V'i - .02 25,83 =3.080*
- 300 T-1  25.205 0.001 -0.002 0.019 25.223 0.5 .02
-5 300 T~1 25.876  0.00F -0.002  0.019 25.8%% 0.5 - .02
Office Date Time ¥ind of True True True III Iy Vi
Catalog No. Bomb Altitude OGround  Climb ¢Iry-1t)
Type ft. Speed Ft/Min. :
Weight M3 fHr.
: Bomb
1938-A-UL-2  8/29/38 11:20 1100 133 5175 142,28 -34 18.132 18.21 -.078
1938-a-26-1 8/19/38 1:50 1100 M33 15791 135.8 ~198 32,150
-2 1:55 1100 M33 15836 136.5 -195 32.271 32,11 .161
. =4 4:10 1100 W33 15816 142.0 ~197 32,181 32.10 .081
1533-3—1-3 10/3/38 10:21 300 T-1 10201 148.1 71 22,750  25.837V-1
- 10:28 300 T-1 10173 141.7 51 2%5.223
-5 10:39 300 T-1 1018k 11,1 -95 25.894
V.I. Visual Impact * Yo evidence of bomb on film



The tabular values indicate that Catalog No, 1938-B-1-3,
which was given the low observational welght of 0.3 is in
error ag deduced from the W. E, Camera, having an interval
far below vacuum time of flight. Examination of the photo-
graphs indicates only a white image, suppcsedly the splash,
tut the bomb is invisible previousiy. This interval is
evidently sepurious. No Chronograph intervals were secured
on any of the sequence 1938-B-1~3, 4, or 5 nor on 1938-A-26-1
and conclusions for the present will have to be drawn on
the three bonbs for which both time methods functioned at
the same time. The comparison of V. with altitude indicates
strongly that in the high altitude }iring c¢f heavy bombs
that a sound wave through the alir is set up which does
actuate the microphone, and that the energy to actuate the
microphone appears L1f the bomb is dropped from 15,000 feet
and probably if dropped from & somewhat lower altitude
The indication is that the sound wave through the air for
& bomb dropped from 15,000 feet altitude probably sactuates
the microphone when the bomb ig gtill at an altitude whose
value is . :

1120 V,, At
3 10411604t
Y = 1130V or about=— 9 —(ft).

Assuning At = O?l, y = 100 feet, and assuming At = O?E,
y = 200 feet. ' '

The Balllstic Effects which may be sufficlently con-
giderable to make it desirable to remove them before
inferring the value of C from time of flight include:

(1) Departure of Density from Standard., A small
but not negligible effect not amounting to more than a
few hundredths of & sgecond, expliclitly taken 1nto account.

(2) Wind. A small, but not negligitle efrfect,
which will be taken into account in future, and which
amounts occasionally to several hundredths of a second,

(3) Climb, An effect which may be fairly considerable
for small departures from horizontal flight, explicitiy
taken into account., The inexact observation of rate of
climb subj)ects the knowledge of the effect to a nearly
Tifty per cent uncertainty.

(4) Rotation of the Earth. A very small effect for
altitudes below 10,000 feet, considerable only for great .
altitudes, ‘

~10~



(5) Effect of initial diminution of drag due to
differing relative altitudes in bomb bay. A computation
for typical cases by Mr. H. P. Hitchcock of dates June 29th-
and June 30th, indicates that for a fall in the Bomb Bay,
the total dlfference in timecof flight resulting amounts
to a guantity somewhat helow 0,01 second with a relative
differance hetween a fall of four and eight feet in no
case exceeding 0.005 second. The present Bomb Balllstic
Table does carry time of flight to 0,01 second and the-
measures except in the present case do not warrant consider-
ing the effect. It is, however, to be noted that the
variation in computed CT resulting from acclidental or

systematic errors of 0.02 or 0.03 second on bombs with ¢ >2
is sufficiently considerable to make it desirable to obtain
an accuracy of observaticn of 0.002 or 0.003 second, since

the range corresponding to deduced values of CT shows a

conslderable variation, as Ls shown for example by the
column SR in the table of results belcw,

The tabulation of resulting values of the Ballistie
Effects and the values of time of flight obtained from
reduction of the corrected interval to standard conditions
1s given in the table below, where:

ACLtm = effect of Climb on time of flight;

Aptw = effect of Ballistic Density on time of flight;
"ty time of flight reduced for Ballistlic Effects,

WE employing corrected recorded interval from
Testern Electric Clock;

"

time of flight reduced -for Ballistic Effects,
ce employing corrected recorded intervalsfrom
Camera Obscura Chronograph,;

c+
E
1l

G = G,, inferred from ft ;
Tyg T ' Ywe
Ch. = Cn inferred from t, ; and
?CC I . ce
;R = Range difference inferred from €q .

T

-1])-
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Office
Catalog
No.

1938-A-Uk-2

1938-4~26-1
-2
-

1938-B-1-3
-k
-5

True

Corrected Record-
ed Interval on:

Kind of True True Western Verti- Effects ty ty Cp Cp ¢ Range
‘Bomb alti~ Ground Climb  Electric cal Climb  Ball. w.E. ¢.c. W.E. C.C. T Diff.
Type tude Speed ft/min Clock  Cemera /A% Dens. from
Weight ft. mi/hr Ig g Chrono¥ “ongYy €
Model 7Y gravh T
1bs. IC.C. ER
ft.
1100 M33 5175 1k2.8 -34 18,132 18,21 -.018 .00 18,150 18.23 3,83 2.66 1.17 27
1100 M33 15791 135.8 -198 32.150 . -.103  ~.01 " 32.263 3.18
1100 M33 15836 136.5 =195 32,271 32.11 -, 101 -.01  32.382 32,22 2,86 3.50 -0.54 -32
1100 M33 15816 142.0 -197 32,181 32,10 -.102 -.01 32.293 32.21 3.18 3.50 -0.32 ~19
300 T-1 10201 148.1 -71 22.750 ~-.037 -.02 22,757
300 T~1 10173  141.7 hl - 2K.223% .026 02 25.177 61
300 T-1 10184 1l1.1 95 25.8%L olite! .02 25.825% 2.62
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The improvement in values of DS and trail angle for
employment in target practice due to an improvement 1in
accuracy of inferring C by reason obtaining an obeserva-
ticnal error as small as 0,005 second instead of 0.05
gseconds will be gurficiently consliderable (in some cages
5 mils and more), to make it desirable to examine the
possibility of obtaining additional exactitude in the
routine measures of time of flight.

£ 4 Tarndes
E. S. Martin

/fTVTKEazr

F. V, Reno
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