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ABSTRACT

A means fop testing the acecuracy of a bombsighe without dropp ing
bombs is Provided by ’lhn'nlvrn’lhlnu the test atrplane from the
Eround with 4 Special vertical phu'nlho-mlnlHc-. The design or
the phototheadol fte employs a Standard 16 mm movie camergy which
,.p.,.v.---.-v.y-r-u through » Set of wire cross hairs held \'o-rfh'nlly
above the camera. In analyzing the results azimuth arrors are
measured ,”,-,...||_‘ i while range erroprg
ire computed from the reading of a ecloek which s plmlngrnph---l
flong with the airplane and ecross hairs, The accuracy or the
vertieal phototheodol fte 1s indicated by errors in Azimuth of et

re than .75 mils and errors {n range of about five feet plus
75 mils for an airplane moving at 150 miles pop hour,

G. F. Theeler
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A PHOTOGRAPHIC METHOD FOR
ASSESSMENT OF BOMBING RESULTS

GENERAL REQUIREVENTS

The particuiar bombing devica to be tested in thia case waa a
radar bombaight, the APA-5, inatalied in a B-24. It was deaired
to test tha accuracy of tha bombaight at varioua altitudea bde-
tween 500 aod 13,000 feat without droppiog bomdbs. Thia reguired
a method which wouid provida dAata from which the diatance from
the target to the imaginary impsct point conid be found.

PHOTOGRAPHY FROM THE GROUND

The method sefected as the one beat suited to teating of the
APA-G employs special aquipment which photographs the airplane
from the target point as it passes over the point, auftadbly
recordiog data from which the focation of the impact point can
be computed.

The major advantage of this method 18 the accuracy obtainsbdle
which 18 considerably better than that of other methoda auch as
radar trseking, or photography from tha airplane. (Radar track -
ing 18 not very sstisfactory for handling runs at the lowest
altitude of these teats, 8500 feet.)

Aoother sdvantage 18 the refative simplicity of the equipment.
No special optical aystema are required, a standard camera ia
used, aod the most deiicate adfustment requirad ia eaaily ac-
compiished with the aid of a piumb bodb. The equipment required
is spproximstely equivaient in weight and dbulk to the radio
receiver and transmitter which are used in conjunction with it.

The grouod photography method haa aome definite limitations, the
moat fundamental of which fa ita dependanca on the conditiona of
photographic visibility. Anothar limitation ia impoaad by the
aogie of view of the camera and lena amployed which preventa
meaauring errors greater than a certain valna. This angle can
be focreased by uaing a different lena-camera combination dut
may sacrifice other deairabdle faatures. A third limitation ta
the inabiiity to haodla numeroua airplanea ovar the aame target
an might be required at a training field,




FIGURE |

THE VERTICAL THEODOLITE
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TI'E MAJOR FIEMENTS OF THE SYSTEM

AIRBORNE ECUIPNENT

The oniy piece of test equipment required In the
pisne is a device Cor producing a 1000 cycie note.
Thia note is turned off by the intervatometer. A
complete description of this pilece of equipment is
given in Radiation f.aboratory report No. M-241.

GROUSD EQUIPNENT
The Vertlcal P'hotothendoiite (aece Figure 1).

Thts plece of equipment conaista of, or employa the
following parts:

The Camera

The partlenlar camera uaed la an Eastman {6 mm maga-
7ine toading Clné. 1t waa feit desirshle to nae a
movle camera in order to have picturea takén auf-
fleiently often so that no extrspofation bhetween
frames would he neceaaary. With the plane at 500
feet it ts necesaary to take pletures at the camera's
mavimum rate of 64 framea per accond., At attitndes
of 5,000 feet and over the f1lm apeed i1s not eritlesl.

lenses Used

The major requliremeot of the {ena 1a that it ahoutd
simul tanecouatly keep 1n focux a set of croaa hslra and
the face of a ctlock at a diatance of about five feet
and an airplsne at a farge diatance. The one Ilnech
{eoa with which the csmera fa ordinarily provided
maota this requiremeot adequately up to about 10,000
feet, providing a faat film {a uaed ao that atopa neo
larger than £/1fi neel be employed. At an altltude of
15,000 feet 1t {8 necesaary to uae a 2-inch {ens {n
order to be able to locate the image of the plane oo
the ifi mm frame. This neceaaitatea moving the clock
further from the camera in order to keep the face 1o
focua. |
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Film

A special Eastman film known as Shell Burst Pan was
found to give the best results, although Super XX is
nearly as good. Shell Burst Pan is designed to
provide maximum contrast between blue sky and a black
object, therefore the bottom of the test plane was
painted black. The problem of proper exposure is
made less eritical by the fact that a silhouette only
is required for the image of the airplane.

voss Nasrs and Nount

The cross hairs are of plano wire strung in an aluminum
ring which ean be rotated in azimuth if desired. The
rotation feature was not found to be especially useful.
The mount, which holds the cross hairs at about 54
inches above the camera lens, should be sufficiently
rigid to prevent a relative lateral motion of more
than 1716 of an inch (approximately .75 mils) between
cross hairs and lens due to wind or other facto
e mount 11lustrated in Figure 1 exceeds this requir

ment .,

The clock used s a precision electric clock made by

Standard E) riec Time Products Company with a sweep

second dial capable of being read to 17100 of a second.

It is operated from a erystal controlled power supply

In order to prevent error from fluctuations in the
mmercial power supply.

I8 necessary to start the clock at the instant of

#h release and this is accomplished by transmitting
1000 cyele note over the standard communication
facilities of the plane. The note 1s turned on prior
fo bosh release, and turned off at the release point.
Cossation of the note trips a clock-starting circuit,

wmination

Is accomplished by using a 300-watt reflector
ntroll by a vartiae. It was found
make lengthy calibration tables of
5 light voltage and this system of
Is rather unsatisfactory in general.

have some very simple form of e N RNER
" te te * o s FIGUREF -~ THE VERTICAL THEODOLITE IN USE BESIDE A CORNE
i1 e ok b oL TTuTater when ithe BURE & = EFLECTOR WHICH SERVES AS THE TARGET
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METROD OF OPERATION (Sae Figurw 2)

Tha phototheodolite ia usually sat up aa near to the center of the
targat as possibis, sithough large displacements are permissablw
provided corractions arw mada in the final data. The inter.
aection of tha cross hairs ia placad vertically over tha center
of tha camara 1sna by using a pluwh bob and adjusting lavelling
seraws. When tha B-24 makasa a bowbing run, tha ahip fa 1aft on
automatic pilot, and thus is held on tha sama course, after the
ralaase point is reached and until it pa s ovar thw targate
(In Pigure 2 thw releasa point is at A.) Whan the plane sppears
in tha camera finder tha camera is turned on and a wovia 18 mede
which ahows tha airplane, a sat of stationary crasa hairs, and a
elock which had already been started automaticaily by a signai
from the plane at tha relesse point. An actual frame from ihe
f11m is shown in Figure 3.

WETHOD OF ANALYZING PHOTOGRAPRS (See Figure 3)

When an snalysis of the photos is made, the frame ia selected
which ahowa the plane® st its closest approach to the intersection
of the cross hal and the number of seconds sinoe the se
point is than rasd from the clock. Tha difference betw the
clock reading and the time of fall of the bomb multipd ied hy the
grouod speed of the pisne givas the Aistance, in range, of the
point of impact from the target, assuming that the bomb would
have remained directiy under the plane as it feii. Further cor-
rections for trail and cross traii may be wade.

The azimuth error is determined by m uring the distance of
closeat approsch of the ajrpiane’s course to the intersection
of croas hairs on the fiim and converting to the actuai distsnce
expressed either in feet or in wiln.

SOURCES OF ERROR

Of the poasibia errors tnvoiyed in this msthod of ssseasment,
one group is associatsd with the test equipment. This group is
divided into errors of timing, and errors in estabiinhing the
verticsl.

Careful tests of the clack aod its associated circuits show that
the probsbie overail tiwing error {8 not more than g .02 seconds .
For an airpiane (or bomb) woving st 180 mites per hour this
mesns an uncertainty of shout ¢ 56 feet in range.

ALTITUDE 1000FT.

The center of the bomb bay 13 taker ss the referemce poirt Jor
mezsuring distances.
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Frrors {n eatsblishing the verticsl depend on the care with whic h.
the intersection of cross hairs 1a placed over the center of the
camars lens snd the certainty with which thia relation ia main-
tained., By using a plumb bob the lateral diaplacement bhetween
these two points esn be made to be lesa than 1/18 of an inch,
This meana thst the vertical ia eatabliahed with a radial error
of not wore than 4 .75 mils. Any errora due to non-rigidity of
the cross hsir mount are smsller than 1/32 of an inch.

The aecond group of errors ia related to the accuracy with whiech
the plsne follows the aame course after the releaae point as
before. This error 18 not clearly known. The moat definite
staterent that esn be made about it {a that on the baaia of the
bombing teats which have been made with this system it appeara
thst the probsble deviation of the plane from 1ta course is

1ittle, if any, greater than the probable deviation of the bomb
from its predicted course,

November 39, 1043 George F. Wheeler
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A means for teeting the accuracy of a bombeight without dropping bombs ie provided by
photographing the test airplane from the ground with a epecial vertical phototheodolite,
which uses a standard 16 mm movie camera vhich photographs through a set of wire crose
hairs held vertically above the camera. Azimith errors are measured directly on the en-
larged 16 mm frame while range errora are computed from the reading of a clock which is
photographed along with the airplane and cross hairs. !
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