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A PHOTOGRAPHIC METHOD FOR 
ASSESSMENT OF BOMBING RESULTS 

.- v HAI   RK.JI tamwamwafl 

:*• particular bombing device to »■•■ tested In this MM was a 
rater r.nmhaight, tl - APA-5, installed In a B-ü4. It «an desired 
tn teal the HMTM| of the bnmbslght at varlona altitude« be- 
•»• ■■ Mio and 15,mfl feet without dropping bomba. Thla required 
a - • * * ' which would provide dat a from which the dl at afire frowi 
the   target   to   the   ImagInary   Impac t   point   could   he   found. 

PHOTnr.RAPHT   FROM   THK   GROUND 

1} •• T-.. i \ ,. ) «elected as the one be« t. «u Ited to teatlng of the 
AJ'A-r» employs sper1 al equipment which photographs the airplane 
rrom 11- target point a* It paaaea over the point, auttably 
rernrdlng data from which the location of the irnpac t point can 
he   r niHpii ted . 

The ma for advanf age of thla method la the accuracy obtainable 
■hlch 1« »•onalderably better than that of other methoda auch aa 
r«.tar   Tv Um-,   nr  photography  fro« the  airplane.      (Radar  track- 

■ ".■ la not very sat la factory for hand 11 ng runa at the 1 owe a t 
altitude   of   lhe«e   teata,   .100   feet.) 

:■'•., advantage la the relativ» «tmpllclty of the equipment. 
No !•■ i il optical ayatewia are required, a atandard camera la 
used,   and   '».    moat   del irate   adjustment   required   la   easily  ar- 
■ --Mio--'! with the aid of a plumb bob* The equlpsw»nt required 
1* apprn« |matel y equivalent in weight and bulk to tha radio 
receiver   and   transmitter  which  are  uaed   In  conjunction with   it. 

The ground photography method has aorse definite limitations, the 
mo«t fundamental of which Is its dependence, on the conditions of 
photographic vlalblllty. Another limitation Is Imposed by the 
angle of view of the camera and lens employed which prevents 
measuring errors greater than a certain value. This angle can 
be increaaed by tin tng a different lens-camera combination but 
may sacrifice other dealrahle features. A third limitation la 
the inability to handle numeroita alrplanea over the aame target 
aa   might   be   required   at   a   training   field* 
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FIGURE   I 
THE VERTICAL THEODOLITE 

939 PAGE   2 



TI'K  MA.IiiR  WUtmm   tf   THK   SYSTKM 

A1RB0RHF.  BLl'IPKEKT 

Th.- only plpcp of teat equipment rpqiilrpd In tlu- 
planp la a dpvlr* for producing a 1000 ryrlp not«. 
Thla nnlf 1« turnPd off by thp Interval nmptpr. A 
complPtP dparrlptlon nf thl« plpcp of pqiilpmpnt la 
glvpn   In   Radiation   Laboratory   rpport   No.   M-241. 

(MOW EQUIPHkMT 

Thp   Vprtlral   I'hnt ot hpodol 1 IP    <■».-.■   KIJEUTP    1). 

This p|prp or pqtilpmpnt cnnalat.s of, or pmploya thp 
following   parts: 

The   Camera 

Thp part 1 en 1 ar campra uapd la an Kaat man 1ft mm maga- 
- i '!■- 1 ■■ i 11 OR (' t rip . It waa t ■-11 des | rab 1 •■ to nap a 

ptov IP campra In ordpr to hayp plctnrp«* t -t Wfn auf- 
flclpptly oftpn ao that no pvtrapnlatlon hPtwppn 
I r < - . • a it ii I ■! hp nprpaaary. with t hp pi arip at Til HI 

fp»-t It la n»cpa*ary to takp plrt nrpa at thp campra's 
maximum ratp nf 64 frampa ppr spcond. At altltudpa 
of  5,tNMi   fppt   and   ovnr   thp   film  appprl   |a   not   crltlm], 

•i   r\       st t 

Thp  major   rpqulrpmpnt   nf  thp   |pna   la   that   It   ahoti] d 
-i*'i'iii  Ij    kppp   In   Toms   a  apt   of  rroaa   halra   and 
thp facp of a cl nc k at a »II atancp of about fl VP fppf 
and an alrplanp at a largp dlatanrp. Thp -■?,•■ Inch 
l*ns alth which th» campra la ordinarily prov Idpd 
»*ppt* thla r- j'i i<-.--.■m adP'iuatPly up to about 10,4MMl 
• • • • . prov Id Inc. a faat film la uapd ao that a t ops no 
largpr   than   f/lf» nppd  pp  pmplnypd.      At   an  altIf udp   of 
i .. fppt    It    la   i  irj   to  uap   a  a- Inch   1pna    In 
nrdpr to bp ab I P to I «»• il ■ ' • ■ Imagp of t hp planp on 
thp It- mm f ramp . Th la MMMlIllil "■■■* I »K I hp rlnrk 
ftirthpr from | h* c*mpra in oH«r to kppp thp far« in 
for na. 
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Frrnm In establishing the vertical depend on the r«r» with which. 
t|.e Intersection or cross hairs I« placed over the renter of the 
camera len» «int the rer ta I nt y wlth which this relation ta main- 
tained. By ii«lng a plumb boh the lateral displacement between 
these two point« can be wade to be lew« than 1/16 of an Inch. 
This »mi that the vertical 1« established with a radial error 
nf not »ore than ± .7ri Kill. Any error» due to non-rlgldlty of 
the   rrmi   hair   mount   are   smaller   than   l/Di«  of  an   Inch. 

The second group of error» 1» related to the accuracy with which 
«he plane follow» the »ame courae after the release point a» 
before. Thl» error I» not clearly known. The moat definite 
statement that can be made about It is that on the basis of the 
'...»Mm. t.e»ts which have been made with thl» system It appear» 
that the probable deviation of the plane from Its course is 
little, if any, greater than the probable deviation of the bomb 
from   Its   predicted   course. 

I'll". George   f.   Wheeler 
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A means for testing the accuracy of a bombsight without dropping bombs is provided by 
photographing the  test airplane from the ground uith a special vertical phototheodolite, 
which uses a standard 16 mm movie camera which photographs through a set of wire cross 
hairs held vertically above the camera.    Azimuth errors are measured directly on the en- 
larged 16 mm frame while range errors are computed from the reading of a clock which is 
photographed along with the airplane and cross hairs. 
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