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During the summer of 19543, ‘an era in urul_ reconnaissance

" ended, The fiml group of Air Corps cbservers was being trained
at Brooks Field, Texas, but these men (*The Eyes of the Air
Corps® the sign arching over the min gate called thea) were
never to fly a photos‘uph.tc maiéu in combat except by sheer
chaneo'. Hldle they uera faaﬂur.\.ztng thumolnl with the
vagaries and vapors of the X-338 and K20 cauru installed

in Jumberirng sad undsrpowered cmus'o-sz-s. sleek stripped-
down P-38s (F-5's) had already proved over North Africa that
a pilot alons could bring dack good quality combat photographs
mnmmmtmeommmmw.

7o be surs, Wszmuuﬁatwmm .
{particularly to cover bamb drops), but thess would be operated
byugﬂarcmmuhomndioopontorsormn
first and camsramen second.

*  The advent of hizh spesd recountissance aireraft and
ofmnlm}iommumthomgmuwma
whole series of new and complax design and opsratiomal cope
~~ ' cepts; the concepts themsslves ushered in a whole series of
ROW and very expensive aerial camsras.
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mmmwmmtmmmamn

-myindows® be meve holes in the sircraft fuselage. Asrcdymamic

cmsidorations made the addition of glass ports a nocoss.‘.ty.
t&saddhgtothproﬂmofmhtwtm. The camsras
and their accessories needed fully automatis control systems,

'smcethapdloteauldmtportomtoommﬁmoralcninions

at the high speeds ho had -to ﬂy.
+ Morsover, when operat.tmﬂ lltd.tudes of 80,000 to 100,000

- feet were forecast, intricate optical sy:tm stabilized

..mum*andmthodsotninmmmmtmu

pressurse around the whols photographic installation bsenm
necessary. For exampls, lens cones had to be designed to
coﬁpensata autoniticd.‘ly for the effects of rare aﬁugspham

on focus; and while camera mounts, ‘vcrtia'.l:ly staminz} by
gyroscopes, were capable in 1949 of maintaining cameras level

0 within 10 minutes of arc, bestter performance would. be nquirodv

of them. Ten minutes oZf vertical at 100,000 feat altitude

o 2
represented a ground distance of some 300 feet.

To be relatively safe from enemy intercepticn, a photo-
graphic recomngissancs sircraft would be tore.od to fly either
at wery high altitudes (80,000, 100,000 feet and higher) or
at very low a:_l.titudcs. Within limits, very h.tgh altituds

reconnaissance called Zor 1on¢§r focal length camsras to

- UNCLASSIFIED
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- provide photographs with acceptable detail. Very low altitude

reconnaissance called for ever faster shutter speeds (which
in tus= Salled for wider aperture lenses with high light trans-
[

' ‘mittance values), faster cycling ratés, and for synchronizin.z

moversnt of the £ilm with movement of the image across the

-focal plane (image motion. eonpen'nuon).

By 1949, camera development costs had skyrocketed to
levels unheard of during World War II. World War II cameras
of 24-inch focal lengthr cost 1bout $20,000 to develop. De-

. vélopmont cost of a postwar 43-inch camera Jjumped to $256,000.

A 100-inch camera developed for use at 40,000 feet involved
an’ outlay of $760,000. Altitudes of 100,000 feet mplied
cazera develompment costs in the millions of dollmrs.

In August 1955, the Air Research and Developméent Command
issusd a Tevised technical program plamning documsnt entitled
“PaotogTaphy.” The docuzent, together with an accompanying
set of five technical requirements, sw'aceohrate;i
the ontir- Ur Force photographic development program and
set achitious goals for the 1960-1965 period and beyond.

The “ultimate™ goale~to be attaived with all possible speed--

. Acmra'cyclo“isthet:lm'mmsirytoopenandcloso
the shutter for a single exposure and then to zove the £ilnm
into position for the next exposure. :
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was & recomaissance subeysten capable of tranmmitting io
earth from an unmanned satellite high aculty photographs
from wiicu swall detnils gouuumnmbymg
the developed prints under a ncroscopo.s'

By-products of the satellite-orientsd development pro-
gran would be smaller, lightsr, and simpler airborne camera
systems of progressively higher resolution. Flamners foresaw
reconnaissance altitudes of 100,000 fest for day photography
and 70,000 feet for night photography by 1960. In 1965, air-
berne photographic systems-~by then immumne to external environ-
zente~vere to be opsrating at 500,000 foet. The satel " .
borne system was to come into being as soon after 1965 as
-pcass:.hl\.a.6

The requirements were still far in advance of the state
of the photographic art in 1955. Using 1955 components ard
teckriques, a camera systea capablg‘ of producing high :%éolption
Photographs from even 70,000 fest and in sufficient nuchers
‘to s;.tisfy General Operaticnal Requirement 92 (Very i:iu A:titude

- Reconnalssance Weapon System), would need a focal lergth of

seven fest, would produce negatives 12 feet square, i would
7
require 50 times the film capacity of availahle magazines!

‘. Photographic acuity is the ability of a camera systen
to resolve detzil.
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Cameras installed in 1955-vintage, 500- to 600-imot operational -
aircraft were capabloormdncinghithmitybhckand
white nhotographs at altiudes between 1,000 and 55,000 feet
during clear daylight and up to 40,000 feet during clear night
conditions. Above these altitudes, the bulk and weight of
the camera equipment became prohibtitive. Available cameras,
equipped with automatic exposure controls, had focal lengths
of from three inches'to 20 feet and format sizes varying from
five squa;-oinehps to almost five lquarom

Resolution theoretically obtainable was about 40 lines
Por millimster, but because of vibrations and camera location,
actual resolution was about 10 to 1% lines per millimeter.
(Tae 1985 roqu:.rcaent for 500,000-foot photography was 100
lines per zillineter.) Image motion compensation was automatic
up to 8,000 fest altitude; above 8,000 fest, altituds ihformatien
badtobésetmn]:yiﬁtotbecan_lrg cdatrolm.e

The planning document specifically emphasized that improved
photozraphy could no longer be expected through improvemsnt
of the camera alone. In the past, the installation of ever
larger and beavier cameras had resulted in improved acuity
and resoclution as altitudes increased. The lixtting point for .
this type of "irprovement” had been reached, however. Super-
sonic aircr;n, into which were crammed fantastic amounts of -
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equipment and in which every cubic inch was at a premiwm,
nade neoessafy a photographic installation that was light
and ccapact, and that had a frugal .appot:l.to indeed for either
elsctrical or nechmical pmr.9

Heeded improvements in airborne photographic equipment
could be described, in general, under three principal headi=p-:
improvements in the camera; improvements in the installation;
and insulation of the equipment from the operational environ-
ment. ‘

What kind of reasonably-sized camera could bs developed
to fly a satisfactory reconnaissance mission from 100,000
fest altitude? Arbitrarily, a requiremsnt might be set up
for a 35-inch focal lengtn camera capablo of realizing at
least 80 percent of its themtiell acuity while a.irborm
It might also be assumed that as of 30 June 1956 a camera
of 36-inc1{ focal length with an aerial resclving power of

~'about-22-lines per-millimster could be built. Such a carerz

u'ou:l.d.be theoretically capatile of resolving a five-foot cube
from 100,000 feet altitude. Resaolution, hmr, was hot
synonyaous \.dth identilication. WYas the cube a jsop, a storage
shed, a large picnic table, or a light tank?

These guestions conld probably be answered if the resolving
power were doubled--i.e., to 44 lines per millimeter. Since
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construction for easy replacemsnt of defective parts.
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the camera would realiss anly 80 percemt of its thecretical |
resolving power, however, its resclution would have to be
raised to 55 lines per millimeter. This figure, being marginal,
would have tobobooatodtoéoumapornﬁn.ﬁomtor safety.
T Tm;id—a"camra ot such high rnolut:\.nn be feasible?

During World War II, thowm!‘orushademtypootmra
that occasicnally (when photographic conditions were practically
perfect) would resclvé 40 lines per millinster fram 20,000 |
foe‘t;. altitude, Improvements in meonpounts and in in-
stallation msthods since that time seemsd to indicate that

a cavera with a resclving power of 60 lines per millimster
could be designed and built.

In addition to increased acuity, ncroased reliability
of cameras and components was necessary. Proud.d.ng:mthis
ngardwouldboextminusungotmmandcwts
toinsmdurabﬂityandom.rmntalromtmco,andsinpn

aaumotcmndosintommormuudormdmr
' 10

Improversnts in camera installation consisted principally
of the development of stabilized “torquer® mounts which not |
only held the camerd in a predstermined position at all times
but also isclated it from aircraft vibrations and flight move-

ments. The mount itself, which eliminated mechanical gearing

UNCLASSIFIED
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.,uménthompﬂmmm,mm;mqm'
. developaent of Wright Field's fhotographie Laboratory, and

1temmdanmbommtomnuahont80pomn§of_

its inherent acuity.

Anothar installation :\nprovemt was tho “duplexing®

of cameras (i-e..thoconhﬁ.utionothoapﬂulmfmud
ofmumﬂumnmmham”ubody),m&
nﬂepossiuccomrmtphotommwithmmofamh
nount and a single window. n:ple:d.ngnotua'.l;ruvodspaee
gndmight.'itsi.mplinedpauntionotuun. centar of gravity
shifts with sdvancing of the film, since film rolls could

be arranged to work in opposite directions. Moreover, since
mdﬁmmnm:m”uwwm |
and opposite moments of inertia in operation, camera staun-
ti.onwouldbesinp].‘l.ﬁod.

. .mproucuonofmmphotognphuommm
environmsntal conditicms of high speed, high altitude flight,
Hithout.undmdrnncnthnai.ﬁ:nft's pmr-supph,mto
uaccmmamwuumwmﬁm:msm
suledapsuletocmtd.nthomwdm,andbymmuu

the cazera with a "blankst® of some kind. A capsule, whose

‘Anterior remainsd at groucd air pressure for the duration of

a mission without requiring additioral pressurization iz flight,

UNCLASSIFIED
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would avoid draining aircraft power vitally needed elsevhere,

anduouldh‘elpmgoodelectualopm?nnotthsm. :

proper Iiim pod.tianinginthetomt area, and maintaining

proper focus during photographic runs. ’
Proucumotuumandwu-gdnstmuvetmp-

.eratures generated within the oarth's atmosphere at speeds
.ot lﬁch 2.0 and above meant some kind of insulating cover

and possibly a supply of dry ice for positive cooling as well.
for best focus, an aerial camsra ha,d‘to be kept at a stable
‘u.ouperat_.uxfe for several howrs prior to picture taking. However, .
cace the photography ceased, the camera u::peratui'e could
bs allowed to rise to the raximm safety limit of the film
for the balance of the flight hoze, Other environmental pro-
blems of high speed flight had to do with mintairing laminar
ficw of air past the photograghic wirdow in the aircraft fuselage
~zd the fabrication of tho window itself from glass that would

“e -:-;:?fical'.ly stable at high t.enperamra.n

T r Aususi 1955 planning docuzent pointed out deficiencies
&..* emcted ia a nusber of specializod types of airborne
phote i .40 equipzent. Recording the strikes of modern weapons

- T‘m best xothai of holding film flat during exposurs is by
usc of a vacmu plate in the format area. At 100,000 feet,

~ereation of a presaure differcntial between the front and rear

surface of the 2ila tocomes impossible un:\.oss the camera cona-
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poaodganbstantulproblen. Methonrrorcecm.edfor

the ability to record rocket and missile irpacts at ranges
of 30,700 feet within a 6§-dn¢reo cone shead of the M,
and to record bomb bursts either ahead or astern, the strike
cameras of 1955 could photograph machine-gun and rocket impacts
" only to about 1,500 feet. - |
The need for high-resclution rad:rscopo recording camézs

grew more urgent as fire contrci, bombing, pavigation, and
missile guidance systems multiplied and as airborne cathodc
ray tubes grew large in size. With operational nuclear-pewercd
aircraft looming on the Air Force horizon, development. of
radiation-resistant photographic systems also pained in im-
portance.

' Increasingly in evidence throughout the Alr Farce was
a strong interest in airborne rapid-processing devices which
could produce high resolution photczgraphs within seconds after
oxposure. High speed movements ot.enew ground forces in
uctica.l situations made reduction in processing time ixpcrative.
. Comnnected with the rapid procecsing devices would bo either
a television system by which the developed prints could te
transmitted to receiving stations on the ground or ejection
equipcent by which the prints could be dropped to tactical
cozmarders in the combat area.
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The issuance of the August 1955 planning dognent also
marked an attempt to coordinate and unify a photographic de-
velopment program which, to thal time, had emphasized hard-
mr;ntherthénmaolmmcrmpucm“lmm.
lhex'esnltottmomphamm&u_laﬁdomtydphoto-
graphic components of great similarity. While reconnaissance
s)ys‘bems and techniques were, by their nature, more spodalized
than some éther Air Force functional areas, and while no system
could £1t all jobs, thors was still a grest deal to be dome
in developing cormon items such as lenses, shutters, ragazines,
control and drive systems, and mounts that could be used in
as =any camera sysiens as possitle. Standardization of photo-
graphic components would mean not cnly a considsrable saving
in pomey, but would also prevent thesatmm of limited
laboratory time and facilijies with 2 mllta.plicity of si.nﬂ.lar
projecis and *msl»:s.l2 . .

The acceleration of aerial pbo‘bomphic system development
brought about a situation in which not cnly the cameras already
m@ed in opsrational aircraft wers obsolete, but_in which

_ths cameras slated to replace them were obsclete also. The

Frojects reoriented and the tasks initiated in late 1955 and
early 1956 to mset the requirements laid down in the planning
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to them by the end of June , but performance characteristics
for the new family of advanced camera types had been clearly
set forth. These characteristics were such that they would
enable the Air Force to:collect, in relative safety, a.ecuraté

aerial photographs containing intelligence information of

the highest quality and valus,13

Daytime Area Becm;missancg from High Altitude

. Daytime aez.'ial phqtographic reconnaissance had three
basic divisions: area reconnaissance from high altitude; ‘
specific target reconnaissance from .high, medium, and low alti-
.tudes; and mapping reconmissanée from high and medium alti-
tudes.” Area and sp'ecitic target reconnaissance could be
accomplished using cameras mourted either as verticals or
ohl.:i.ques. The purpose of area reconnaissance was to provide

infornation on the route to the target and on the target's

. The terms "high," "medium,” and "low" altitude were not

casy to define. The principal difficulty was that “medium®
altitude for an aircraft like the RF-104 was *high" altitude
for -an aircraft like the RB-50; and "high" altitude for the
RF-10L was "medium" altitude for the projected reconnaissance
vehicle of 1960, flying at 100,000 feet.

In these pages, for the sake of convenience, the term "high®
altitude® will apply to missions at 30,000 feet and above; those
between 5,000 and 30,000 feet will be referred to as "medium
2ltitude" missions, and those below 5,000 feet as "low altitude"”
missions. The low altitude category could be further broken down
rather arbitrarily into low-low, medium-low, and high-low (trestop
level, 100 to 1,000 feet, and 1,000 to 5,000 fest, respectively),
although such categorizing would only detract from the clarity
of the narrative. - :

cr, T
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_ surroundings, :\nordortoaidin:\.tsidantiﬁuﬂmrrontho
air. Specific target reconnaissance provided ‘detailed photo-
graphs of the immediate target area, frmu!ﬂ.chvulnerahle
points could be located and target dofenses assessed. lMapping
photography prodneed extremsly accurate charts of relatively
large areas. These charts ‘were indispensable roiunavigation
and were a further aid to target identificatiom.
Thehighalﬂtudearﬁasearchmm, as a distinct
type of photographic reconnaissance, was accepted as such
by the Aerial Recomnaissance Iaborawy durdng its April 1956
conference at Honticello, I1lincis.-  Area recomnaissance
nad been carried out for many years, of course, but it had
not been distinguished in any cleir—cut manner from oroific
‘ta.rget reconmissanco For example, in 1948 a roccus .c* »ar
aircraft flew a non-stop mission from los Angcles to Lo Lo
at 4,000 feet altitude maldng a continuocus strip plwtog:'-:.ph
of the ground below. The coverage was from horizon to horizon,
"since the ‘aircraft exployed a “tri-mstrogon" camera arrange-
zent of .ono- vertical, one left, and one right oblique. This

15 -
was arez roconnaissance with a vengeance.

*  Ses Chapter VI and VIII of this history.
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In 1956, operational aircrafi were equipped with
several types of cameras capable of performing the area
- search missiop at sititudes then attainable. The cameras
themselves wure of eithsr 6= or 12-inch focal length,
since mchuhtinlyshmwmwmdmm
coveragafronhighaltitude. althou;honavoryanall
scale.

Ths 6=inch cameras used for area search included
. the K=17C, thes k=22, ths EA=2, and the =11, The 12«
inch cumeras included the K-38, tho KA-l, and the Ki-2.
Adrcraft iz which ons or arothsr of these cameras ware
- installed (or schedules for installation) were the RB-36,
the RB-52, the RB=£5, the RF=84F, the RF=10l1, tns RF-104,
and -the RF=105. The RS«566 and the latter three fighter-
type reconraissance aircraft were not yet operationtl, tut
tmircommtofmmhdbeonathmmuvﬂy
estabnshzd, zzd the camras themsslves were in existence.®

X=17C cs2ora, vhich in 1956 was still being

: mmm—%mar.&rmmﬁ.,wm-m
square negatives ard held 2 magazine with 390 feet of
£41n 9.5 inches wide. It could accommodete 3ifich (£/6.3),%s
12-inch (£/5.0), and 2keinczh (£/6.0) lans cones (although
onlythaé-inchhnsuasusedtorthcamsurchmsim).
Its shutter speeds ramged frex 1/50 to 1/400 of a second,
and it coxld take pictures at a rats of one every one arnd
one=hal? seccris. Its weicht varied fron 30 pounds with 6
the é-inch lens to about 53 pousds with the 24-inch lens.t

Installed ip the £B=35 aircraft et the forward vertical
cazera station, & singls, 6-inch foczl length K-17C could
- handle a part of the arca ssarch mission. To obtain

. For a detailed li.st.tn,, of missions, weapon systems,
. caperas, and focal lengths, see the charts and tables

in the Supporting Documonts section for this chapter.

Tne charte and tables were compiled from sources listed
. in lbm m—l.

s mr-mabcro.almualsoeamodthe“rehﬁn
aperture” and is obttainnd by dividing the ‘focal length
by the diamoter of the lens's “cfrective® aperture. It
‘18 a ccans of irdicatinz tne amount of light the lens
trapszit at varicus settings of the iris diaphragnm.

qm
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coverage from horizon to horizon across the line of flight,
three 6-inch* K«17C's could also be mounted in a “tris

. metrogon” array just forward of the verical station.t?

The RF-B4F aircraft utilized thres 6-inch K-17C's
to perforz an area search mission. Ops camera was
at the vertical station and two more weres mounted just
behind it at right and left cblique stations. This was
called a “tri-camera® array rather than a tri-metrogon
since the camsras were not mounted in so pre a re=-
lation to one.anothor as in the latter case.

The K-~22 was anothor camsra used occasicnally for
ares recomnaissance. This camera could also be found
in RB-36 and RF-BAF aircraft and, like the EK-17C, produced
nine-inch sgquare negatives, and held 390 fest of 9.5~inch
241m. The K-22 could accommodate 6-, 12-, and 2i-inch .
Jens cones with the same respective f-stop mumbers as the
E-17C cones, and: its shutter speeds ranged from 1/150
to 1/800 of a second. Thers were in existence 40-inch
lens cones designed espscially for the K22, but none’
of these was installed in operationsl reconnaissance
aircraft. The 6-inch model weighed about 25 pounds, and
the weight increased to 107 pounds with the 40-inch lens.
Weight increases were approxmately proportional for
the 12- and 2leinch xmodels.l? |

, In the RB-36, the forwird vertical station was equipped

to handle a X-22 camera as a substatuto for the K-17C.
The area search missior might thus be a¢camplished by,
using either camsra equipped witk a 6=inch lens cone .20
The RF-84F camera compartmsnt provided a forward oblique
zount for the K-22; when the caxsra used a 6-inch cone,
it could perform a Eui cf area reconmaissance -fundtion
from this position. - . :

Another carara capable of performing ths pioneer
area search mission frox high altitude was the KA-2,
It was amch newer camera than either the K-17C or ths

" Ke22, but, although it was in production, it was intended

for use in reconnaissance aircrafi that were still in

‘the development stage. The RF-101, RF=104, and RF-105.

all had provisions for utilizing KA-2 cameras, and, of

" . these aircraft, only the RF-10) was reasonably close to
operatiomal status. »

«  Vhenever a term like "é-inch" is appli.. to a camera,
it refers to the focal lergth. Focal length, roughly
defired, is tho distarce froz the optical center of the

lens to the fln HARFIDERIAL —
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The KA-2's format size was the sams as that of the
K-l?cmx-ZZanditutm“dmmotthss'mhngth
and width. It could accoxmodats 6=inch (£/6.3), 12-inch
(£/4.0), and 2i«inch (£/6.0) lens conss, could accorplish
a cpcle in 1.75 seconds, and had shutter spseds from
1/25 to 1/500 of a secocnd. It was a considerable improve-
msnt over the other two cameras in that its operation

" was completely automatic, and could bs installed in a

‘torquer mount as wall as in standard mun%. The weight

of the 2l-inch model <as about 65 pounds.

. Although ths camera itself was in production, two
tasks aimed at improving its operation were still in

the developrent stage at the end of Juns 1956. Ons was
for an improved intra-lens shutter with an aperturs of
three and one-half inchss to replace the *rapidyne® shutter
in the current model. The other wvas for an advinoed
torquer mount, which was given the designation 15-6.23

The area search mission was tentatively allotted
to 6-inch KA-2's in tri-camsra array in both the RF=101
and RF=105 aircraft, and 12-inch KAv2's in the RF-104.

In the RF-101, the three 6-inch KA-2's were mounted just
behind the forward oblique station. The two side oblique
cazeras, howover, faced inward instead of cutward. Thus
the right obliyus ca=era took a picture of the terrain
to thezkeft of the aircraft's line of flight, and vice
versa.”«- .

The RF-105 called for a slizhtly different arrange-
zent. The three KA 2's were mounted in the sams plane
across the aircraft's “aselage and were placed directly
behind a single forward "rotatable® station. In this
case, the tuo sido oblique cavsras faced outwvard as in
nost other tri-camera arrangendnis. :

In tle RF=1C4, a single 12<inch KA-2 in a *=otatable”
xmount would perforas the area reconraissance rission from
high altitude. The longor lens cous was required since
*high" altitude for the RF.104 was somewhat highor than
for the RF=10) or RF=-105. The camera requiremont for .
the RF=-104, howmréém not firm and was subjsct to °
change at any tine,

The T-11 cazora was designed and built to extremsly
rigorous standards; its lens had to be espscially free
froa distortion, since the T-1l1 was esscntially a mapping
camspa. Wherever the T+l was movnted as a sinzle vortical
coosra, its nission was strictly that of mappinz. However,
the recomnaissance “capsule” of thes RB-52 had provisions

R
» S9N
.\s‘?&,:
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for a tri-mst—zon array of T-11's which could be used
for area recoi.icissance as well as for chnrting.z'?
The camera itself usad the samec £ilm and produced
the same negative sizes.as the KA-2 and £-17C. 1Its lens
was a 6=inch, £/6.3 "metrogon,” and it cycled once every
3 seconds. Its shutter speed range was from 1/10230 1/500
of a second. The carmera woighed about 70 pounds. )
Of the camerss having 12-inch lens cones, ‘(in addition
to the Ki=2) <he K=38 and the KAl were capatle of accomplishing

.the pionssr zraa search mission from high altituds.

The E-38 was siated for use in the RB=66, while ths KA-l
was tentatively scheduled for installation in the RF=205.29
The K-38 had a 9=by-18-inch format and could hold
500 feet of 9.5 inch film. It could acccemodate not
the 12-inch (£/6.3) cone, but 2heinch (£/6.0) and
36=inch (£/8.0) cones as well, and its shutter could
be operated st spseds of from 1/50 to 1/250 of a second.
The K=38 cyci«u once every 1.6 seconds, weighted froa
37 to 62 pounus depending on the lens cons, and operated
eithar from an intervalonster or from the universal cazera
control symn.3°
The 3.5-inch aperture, intra-lens shutter being developed
for thes KA-2 camsra was bsing considsred as an addition :

 to the K+38. Two torquer nounts (the IS-3 and 1S-l)

were intendec for the K-jgi though they were also still
in the deveol: ::nt stage. .

The RB-6J itas scheduled to mount a 12-inch K-38
in the vertical position just bshind ths triecamera station,
ani provisicns were already incorporated in tis aircraft -
for tion of the camsra in a stabilized or torquer
aomto . v

O=e other camcra, the KA-l, was tentatively planned
for installation in the RF=105., With a 12-inch lens
cocz3, it couid scrnceivably bo used for area reconmnaissance
missions when ..cunted in the rear vertical position.
The XA=l, liks tho K-38, had a S=by-1B8-inch format and
could handle 500 feet of 9.5-irnch film. Its lens con.s

.had ‘focal lengths of 12 inches (£/6.3), 24 inches (£/6.0),

and 33 inches (£/8.0), and its shutter operated at speeds
of froa 1/25 to 1/400 of a second. Iys weight ranged
froa 55 to 78 pounds depsrxiang on focal length, and it

.cycled onee cr2y 1,5 seconds., Its oporation was completely

automatic, it '¢s engineerad to fit any standard aircraft
caner: moent, and plans called for incorporation of the
3.5 inch aperture ﬁ.n§§a-lcns shutter in its optical system
at soze future date.”’-



Except for the KC-1 and the KA-3, these camsras comprised
the entire stable of operaticmal Air Force day cameras as of
30 June 1956. Used with differeat lens conss, thoy served
to psrfarm, in additiog to area reconnaissance, the other
daytize Air Force nmissions from high, medium and low altitudes.
Obviously, Memmi-edmdyuthomotbom
put out to pasture, inviow_étthe rigorousroquirmntshid
down in the August 1955 revision of the Techmical Promn
Planning Docur=nt. This was not cnly true of the K=-17C, K-22,
E-38, end T-11 cameras, but also ¢ the KA-1 and KA-2, since
all of thess bore a “standard” dosignatione--and, in the Air
Force, "standard® was virtually synonymus with “obsoleto.*
Under develop=ant in 1956 i.m a mmber of cameras schedulad
to replace those installed in oporational aircraft. Whﬂo
none of thon would bo able to achieve completely .the performance
specified by the planning document, they did reprecent a sub-
stantial imnrovemsnt over the mm. in service use. Although
some might nevor becozs operational, others corhi.nli would.
At the very least, each would contribute its share to the
advancozsnt of photographic technology.
- J=ong the camcras either in the serwice test or late
davolopzsnt stage and conceivably capable of a high altitude
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¥i-5 2nd KA-8 cameras, the

Kh=25 camera. The latter, being develcoped specifically for

tthB-SS,wastheonlymofthisgrmpphmwdtorade-

Tt -3

finite weapon systen.

The i;iea of a "panoramic" camera--one that could taks
horizon-to-horizon photographs without resorting to multi-
camara arrangmnts-x.ns not new in 1956. In March 1949,
the Periin-Elmer Corporation was dml;pug what vas then
called a “transverse® panoramic camera using a rotating prisa
to obtain a wide "sweep® of the terrain below. The camera,
designated the E-1, carried its film supply in the “roof”
of the aircraft from whence it fed down through a sleeve into
the format area. m:uramntanmdthemottre_mndous
Jenths of film without the disadvantage of having to stabdlize
a camera weighed down with oversized magazines. The E-1 used

a 48-inch %2::3 and produced negatives 18 inches wide by several
foet long.

The E-1_camara cefved to demonstrate the feasibility
of the panoramic principle. It was a very bu:.ky machine,
howaver, and in July 1953 the Air Force bem to develop an
E-2 panoramic cacera that would fit in a container "similer
to a wing tank.” By May 1955 the contractar (Vectron, Incor-

of the E-2
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 suitable for "mose installation in fighter type aircrft,”
While mult;.-camm arrays (such as thoso 3in the‘RB—36 ‘a4
RB-52) were capable of ébtu.m.ng about ls-mﬁs-per-mnipuf
fesolution. the E-2 was-expected to prav:tdo something between
20 and 25 linpes, sincoonlythotocalplm and the optics
of the camera needed stabilization, and since the maximum
| area of exposure on the film was only nine inches long and
one inch uide 7 ' '

The exper‘.nontal rodel of the E-2 was a "breadboard”
typé piece of eguipment and was primarily for stw.tv purposes,
It provided 150 degrees of coverage across the line of flight
ard incorporated a coded data recording system. It also pro-
vided “graded” image x#oti.on compansation=ei.e., ths compensation
varied froo zero at oxe horizon to a maximum value of 12.6
inckes per second at the vertical and tack to zero at the
other horizon. Furthermore, exact exposure control was avail-
able for every point on the negative from horizon to horizom.
This was possitle because the camera utilized a focal-plane
shutter which consisted of a variable-width slit mopi.nz

across the ncaitd.ve Plans.

e Acmm'sfoca.plamisthaampsrpendimﬂartothe
lens axis, in which the imags quality is best for a givea
focal length ard lens aperture.

UNCLASSIFIED
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 The E<2*s weight (1,600 pounds loaded)was slightly less
 4han that of multiecamera arrangemesis of the sames focal length
(24 inches) and its bulk was atout Lalf as great. It was‘
more r?l.uble, too, since its moving parts were fewer and
moved at low spseds, thus cutting down the shock and vibration
to'which the camera was subjected. Af. the maximum cross section
point, the E2.was about 71 inches in diameter.

The Aerial Reconnaissance Laboratery planned to provide
an E-2 cemera for operational suitabi.l;.ty testing from fiscal
year 1957 furds. This model was to"givo a caverage of 180
degrees axd to have the ability to resolve an object four
feet square from 100,000 feet. At the same altituds, the camers
would provide “recognition" of an object 16 fogf squars.
Toe S-2 was designed to carry 5,000 feet of film which, since
it moved at constant speod, was suitable for the apphcaﬁon
of rapid pr;:ccssing techntqms.as
" By the end of May 1956, the experimental model of the
B-Z. panoramic camera was mring its “firal" eonﬁgunta.cu.'
Tae prineipal.d:.'ticnlty still remaining was the need for
a practical vertical groscopo; The difficulty arose because,
although there were usable instruzents in existence, the bstter
onés were assignod to projects that carried higher priorities.

The contractor was thus forced to patch up gyroscopes that

UNCLASSIFIED
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no one else wanted, but Vectron had not yet succeeded in putting
“one into operating cm@ition;”
' .Another camera originally intended for low altitude, high
" speed reconnaissance, the KA-3, was in June 1956 being considered
fTor the high altitude, area search mission. The camera pro=
dubed negatives 2.25 Anches square and used a magazins holding o
100 feet of 70-millimster film. Its.shutter was capable of
speeds between 1/25 and 1/2000 of a second, and it could cycle
ten timss a second. The camera weighed about 21 pounds, operated
automatically, and provided "graded” image motion compensation
for all counting posit:.oﬁ:. either vertical or obliqus.
' The contractor for the KA-S, J. A. Maurer, had by March
of 1956 delivered the first development model to the Aerial
Rsconnaissance lLaboratory. lLaboratory tests were nearing
completicn at the end of June.
While the low-gltitude potentialitics of KiA-5 were ﬁot
forgotten, laboratory thiniing gave the canera an important
‘part to play in high altitude reconnaissance also. In order
to iry the camera‘’s abilities at high altituds, the laboratory
kad set up a om-ti.m test (for some time in 1956, if possitle)
in which several Ki-5's would be installed in an F=104 in
"fan typs" array. At the forward camera station, five cameras,
with different focal lengths, would be arranged to give horizon

—CONFIDENTIAL—
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to horizon coverage. The vertical KA=5 would have a 3-inch
focal length; on either side of it would be an oblique with
4,5-anch focal length, each of which would be aimed to over-
lap the vertical's field of view; and dn the outsideof each -
of these would be another oblique of 6-inch focal length,
again with overlapping fislds of view. The future of the
KA-5 as & high altitude canera would;, in part, be conditioned
wmnmtspfthutesé.o '

The Fairchild Camera and Instrument Corporation was con-
tractor for ancther developmental camera with high altitude
possibilities. This was the KA-8 “all-purpose" camera, which
had begun development in May 1553. From the beginning, the
KA-8 was planned as a high altitude camera, a low altitude
camera, and a mapping camera. The laboratory received the
first experimental model from the contractor in October 1954
for preliminary tests, but it vas September 1955 befars ‘con-
trols had been fabricated which would permit the camera to
begin flight testing. In van%’ several low altitude
test flights were madc with the K-8, using its full imege
motion cozpensation rate of 21.6 inches per second. Daring
. the suzmer of 1956 comparative tests in an RB-47 were %o be
nounuitha. regular Air Force mapping camera (the T-11 ar'
KC-1) used as a standard; after these tests had been completed,

—CONFIDENTIAL—
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wmnm testing would begin. The experimental model ' i
was equipped with a 6-inch (£/6.3) "metrogon® lens, but the
| service tostaodolmtoincorpo;;toa "phugon"l.cnso.'t‘

the.same focal length and speed. o

The KA-8 itself had a 9-by-S-inch format and used either
250. or 500 feet of 9.5-1.!;3!1 filn. The experimenthkl model
weighed about 90 pounds without film, but the service test
_podal 'wduld probably weigh - about 60 pounds, _1ts shutter opsrated
at speeds fram 1/50 to'1/500 of a second, its cycle rate was
six per second, it prou'ded'm‘o motion compensation £4lm
speeds of from 0.5 inch per seecnd to 21.6 inches per second
during exposure, and it incorsonud the latest improvements
in automatic camera controls.

The LA-11 mnwmmmmtora December 1952
task intendsd to provide an improved camera body which could
use existing K-22 lens cones. The prizary goal was to M@
abédythatm sinple, reliable, durable and easy to maintain,
since tha K-ZZWm outstanding in none ottheuattrih:tu.
DsingaG-inchlm, the LA-11 would be able to fly a high
altitude area search mission and produce photographa of better
quality than thoae produced by the K-22,

By April 1956 no experimental model of the LA-11 had

-
G-
._.;,*.. )
'\.: )

Jot been received from the contractor, the Bycon Manufacturing

—CONFIDENTIAL—
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Conpary, ‘the reason givenbeirginability to obtain a high enough
.mwnuummwu. minbontoz-y o ' %
 hoped, however, that a modsl would bs dslivered in the “maxt | -
few :l:v:mi:hs."k3 .

The L4-11 differed fram tho K-22 body in that it utilized N
:atoalplamthntureapahleotspecdsbemmmm s
of a second nusmactmhthotuustsmmspeod
availatle tor any hr;'-toxmt, Air Force camera, eithor in
existence or under dmlopasnt. The body uwas to :anorpmto
automatic <oatrols; it weighed about 30 pounds and had a
cycnngnuoftwopersecondu .'

Ons of the three camsras being developed especially for
the RB-58 aircraft by Fairchild Camora and Instrument Corporation,
was the EA-25. It wvas equipped with a 6-inch (£/6.3) "metrow
..gon" lens (1ike the T-11 and KA-8) and coumld be,ugod.lt.hig.h
altitudes for area rocormaissance. like the ﬂqa,-it_ag.__, .
also a mapping camsra and a low altitude reconnaissanco camera,
Its tomt was. n:.no inches square, and its xzagazine held as
mach as 500 fest of 9.5-inch film. Its controls were being
 specially designed, as was itp statilized mount, and it weighed _
approximately 60 pounds. Itcouldcycleatarateotrour ) g\\
framss per second and provided image motion ccupensaticn at
rates o. betweon 0.16 inch and 16 inches per sscond, Its ST

~ CONFIDENTIAL—
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shutter speeds ranged between 1/50 and 1/700 of a second.
Exposure was automatically controlled. nn cam’u itself

. msmnmmmnuwtmmmmﬁ.mm
) projectonzineoranﬁcipntod thatm:lromtaltesﬁngwﬂd
bs

T ettt e .

begin in October.

In April 1956, the hboram'y bomtowork toward a
reconnaissance camsra for high altitude area search, to meet
as mm“poaaible tberoquiuuntaotthemtnss
Tecmical Progran Planring Document. No contractor had been
assigned to the development of this “sweep cazera® as of 30
June 1956, but some design parameters had been tentatively

‘established. A focal length of 100 inches vas called for,

the lens to be of the highest possible acuity and the camera
itself to be of the smallest possitle size and weight. The
design was to incorporate automatic exposure controls as well
as an automatic focusing device, and provuim inre to be
mdo-to isclate the camera from its operationsl eavircmment
as cccphtely as possible,

| Gradedimgomtien compensation was tohoprov.tdedup
to a rate of 3.6 inches per second, with the parareters autoe

:acuen.ny dor.lvod Iron the aircraft's mvi;atd.on syatu.
The Sweep camera was to make use of “unitized® construction
inordartozivoitthoabihtytousommaa:tmntlena'
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. cones, and it was to be adaptable for use in a “rotatable”

nmount so that it could take advantage of a multi-window arrange-

mtandsuitchquicldyn-onlortorrightobnqmtovorucal

l/\

. .

mdbackmin.

The mkcmedtorafoulplmshtur,onthoordsr
of that used in the E-2 camers. A rotating prim would provide the
single lens with a-40-degree sweep of the terrain below. Such
anangleofmwmuldemblothompmtoemrtho
same area on the ground as four single 100-inch cameras of
S=by-18-inch format. Cycling rate was to be one per sscond,
aw:!.eat::ha:q:oosm'emm].d\:ls«a:.::foe‘l:c»..’.9.5-:.::::1:1‘.'{.11:1.“6

Eigh altitude reconnaissance prior to wm-ld Hu- II meant,
for all practical purposes, reconnaissance at 10,000 feet.
Msmaboutuhighumr. R-mhfo»uhnzthmm
cmldﬂyau!sﬁllmphotomw thltahmled"pinpoint"
targets 1n acceptable detail. A camera of lz-inch focal length
yielded photographs from 10,000 feet altitude with a scale
of 1:10,00C, and this was the scale demanded by photo interpreters
in order to evaluate targets properly. (If resolution could
be raised from the usual 8 to 10 lines per millimter, then .

a slightly smajler scale would be allowable.) Using these _'

UNCLASSIFIED

-



-ceimi ame cummme o
:

| VI3

p.-wérldymr-n paramsters, useful specific target recomnaissance
tr;- 40,000 fnt altitude, then, would require a camera of
48.inch focal lenzth.' -

By the mid-1950°s, however, the resclution of aerial cameras
was consistently averaging from 12 to 1B lines per millimster, -
and the camsras in operational use for the high altitude specific
target recormaissance mission had either 24-inch or 3é-inch
focal lengths. At'no,ooo fest, thesze cameras yislded negatives
with a scale of 1:20,000 and 1:13,333 respectively. While
i:hotographs at such scales were W* from the photo
Anterpreter's standpoint, it was usually possible to extract
from then the mizimm infor=ation necessary for target evaluation.

T ‘The caner#inproductim as of 30 June 1956 for
- use ip the high altitvde spocific target mission were
" “the Ke22, the K=38, the KA-l, and the KA-2. They used

either 24-inch or 36-inch lens cones (sometimes both),

and they were either installed or planned for installation

1!1 m RB' 7 RM'], msz, 83-57’ RF-MF, R.F-m. Rr-m’

- -and RF-lOS. . .
Each of these cameras with a shorter lens cons, was ,
.used in the area search mission. The RB-356 carried

pair of 24einch K-22's, one at the left and one at
right oblique station, and they were used to obtain
rela

ge

altitude photographs of specific targets from tively
. long slant ranges. The RB=-36 might also moumt a 2M4-inch

* K=22 at the vertical station (in place of the 6-inch
K=17C or K-22 for area Esemisunu) to obtain target
svaluation phs.

, The RF=8LF provided two positiocns in which the 2M4-
inch K-22 might be located for flying specific target
zissions. One was the forward oblique station, and the
other was the left oblique position, just behind the
tri-camera array. The forward oblique K-22 doubled as
a low altitude camera, btut, as might be expescted, low
altitude photographs with a 24-inch camera exhibdted
extreme foreshortening effects. .
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.mmunsofthmﬁddotummndwmnm
‘camera. The quadrupled scale of the k=38 photographs

assisted in positive identification of details on the
mapping prints., ° :

The miltiple array of 36=inch X-38's wvas also capable
of performing a mnon'acondu-y_ to that of specific
target reconnaissance. These cameras could ‘be used,

. over limited ground distances, for area search missions.

They provided lateral coverage of about 108 degrees,

to obtain overlapping photographs of the terrain at a
relatively largo scale. Hore again, the K-38 shots would
2id considerably in ddentifying detail on the small-scale

The RB-52 and RB-57 also had mounting provisions
for k=38 cameras. The RB-52 reconnaissance “capsule”
was designed to Carry a multiple array of four 36-inch
K-38¢s for specific target high altitude missions. The

.M—S?coﬂﬂumizoam:ot%-mhsxﬂitnmul

K-38's for either high o medium altitude target evaluation
work, Asinthocaseotthesphtmuahinthom-%

mmmm.umm;gvnpphmmmu
the 6~inch mapping camera. ,
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atioml coniiticns. Thess four vers the LA-IL body, Ki-5

cazara, plus. the EA~13,"and the XA-27 (wkich, 1ike the KA-25,
was being developed for used in the RB-58.cnly)a..Tom JAs1d_
body, using-a 2i-inch oone, war expscted to improve mriedly

on the performance of the K-22 ellgno” | e e e beemm
uim-num reconnaissance cambrs, with a toeoaduy

Possikility of flying a high altitudo area scarch missicm,

the derial Rocconeissance laboratery intended to try it out
ummuum-pmmmmaum.mu .

the same F-104 test flight on which the.fivé short focal length

—CONADENTIAL
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xA-j'a.
Underd-vdomttoroponﬁmlmmthomu

mmuaﬁghdﬁhbm:m'mdnchmtm_

was the KA-13, a canera with a 9-by-18-inch format using up
to 1,000 feet of 9.5-inch film. The ayoou&mtam; Conpany
reported in June 1956 that an experimental model would be -
delivered to Wright Field "shortly,"®

_The KA-13 yas not a radically new or different design,
but merely incorparated a mumber o:-;uw-ibaphbéom’hio-
art advanoos in a relatively cmtiaml camera body. It
was t.o have image motion coupomuon. which on:td.ng S=by-
18-inch format cameras did not have. It was to be equipped
with automatic exposure comtrols and with a coded data recarding
deviee. Itmalaotohanarasttocalphmshuttor (td.th |
spoodsuptollaooocaueond)andamnuptm
Zrames per second. .

"The camera would utilize four different lens conss for

photographic m at various altitudes. In'additm to
accepting the 12-inch (:/6.35,'2&:.::» (£/6.0), and 36-inch

- See page 32.

o i
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(£/8.0) lenses originally planned, the KA-13 was also to take |
cones containing ‘la-ineh (£/6.3) lenses of:vhith(B300were: already
uml’cré'estock'. Mcmm}ﬁuﬁph'awoﬂlﬂr
Air Force camera, since they were designed to be used with

a focal Plane shutter. Therc was hope that, with improvements,

the 48-inch cone would extend photographic altitudes at a
sufficiently early date far emough above 60,000 feet to. satisty

"the 100,000 feet by 1960" requiremsnt in the Technical Progran
5

Planning Docrment.,
. The KA-13 would weigh about 330 pounds with its 48-inch
le'nsconeandl,ooo feot of filnm, Its image motion compensation
ntosnriedbomno.linchperuccndandB.éinchum
second, and it was to be ecupattblo with most standard aerial
can.oranounts.sa
for use in the RB-58, strictly torﬂnhigh altitude spel;ific
target reconnaissance mission. Like the KA-25 and KA-26,
it was being built by the Fairchild Camera.and Iubtrument
Corporation, and, as of June 1956, was still in the early
development stage. | o |
Itmt;h;na%by-la-inehfomt,cmdmnpto
5oo:ntor9.5-1nchn1nandmtob-ceupaub1oww:w

' cones 1onger than the 36-inch (f/B.o) cone currently planned
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for it. Its shutter was to be of the intra-lens "rapidype®

type With spesds of between 1/100 and 1/300 of a second.

The- KA-27 was not a fast cycling camers; its fastest rate

was one frame c'mry,l..zs seconds. Its rate of image motion

conpoﬁsation it up to a maximum of :3.2 inches per second.

Gamrqmightmabmﬁloom. Controls were of special

design, and its mount vas to be gyro-mm.s.ud.59
mMmmmurorqozmam

rmircmmmthmhiddmnamu1956tora'w

high altitude dnplox""eamra. No contractor had been assigned

to the dwa‘lomant'bydﬁml956. but the performance paramsters

muwu'mtufm:umsm.mw
of the August 1955 planning document. | '

The purposs of the task was ;'to provide high resolutiom,
nodsrate scals aerial photograpw from fntnro cpouﬂ.onal
altitudes by camera systens mounted in supors-onié aircraft

compartaents that are neither pressurized or [ sic_/ thomﬂ.]y

controlled. . . ." The camara itself was to have a 9-hy-18-

inch formt, actually two formats, since it.was a duplex with
two optical systems in.one body, and focal lengths of 36 (£/8.0)
or 48 (£/11.0) inches. The task called for elimination of all

aschanical tolsrances betwedn the lens mount and the focal
plane, hizh quality production lenses, complete elimination

of internal and extermal vibtration of the camera system, and improved

filz. __CONFIDENTIAL
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Perbaps the most remarkable dsvelopment goal was a re-

" solution of 100 lines per millimeter (“on the bench®). An

intra<lens shatter with an aperture of thres and one-half
inches was to be designed for use in the 36einch or 48-inch
cons. Shutter speeds would rangs ﬁ-nn'llso to 1/2000 of a
second. It was contemplated that a single photoelsctric cell
would control both shutters.

There was to bs ho image motion compensation in the ordinary
sense, but movement of the image was to-bs offsst by using
a swinging torguer mount. Total weight of the loaded camera
was to be about 190 pounds. The camsra was to carry up to
500 feet of merial photographic filw; or more if thin-base
£41m could be successfully developsd. Using 500 feet of fila,
the camera could eat;-ra strip 35 miles wide and 580 miles
long (using the 36-inch cons) at 60 percent overlap fron 100,000
feet altitude. On a normal development basis, an experimental

' “nodSTofthe mnoz]o.dhe:@octodﬂiwmmm

signing of a contract.
Development of high resoclution lenses held an important

niche in the high altitude camera research structure. Of the

score or more lens developmsnts underway in the Aerial Reconnaissance
hbora_tory, three were of special importance for hizh altitude
reconnaissance, one .for the arsa search mission, and two for the

specific target mission.
' : UNCLASSIFIED
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For possible future use in area search reconnaissance,
the laboratory early in 1956 established a task calling for
a 1l2-inch focal length.lens for a 4.5-inch square format.
No comtractor had been selected by the end of June, but the
lens characteristics required that it resalve 60 lines pe.r
milineter, that it have reasonably high speed, and that it
be capable of cbtaining extremely high quality photographs
from very high altitude. Aspherio-surface lens elements or
even a curved inage plane would be permitted in the design
of the dens. | .

Two other high altitude lenses, one of 36-1uch focal length
and the other of 48-inch focal length, still lacked
a contractor by the end of June 1956. The 36-inch lens was
to.have 60-1ines-per-millimter resolution (mare, if possitle),
amd it was toboduigpdupochnytorminthtvu-y"huh
altitude duplex camera. The labaratory planned to procure
two competitive prototype models of the lm.& .

. Portions of a lens sw-face that are non-spherical are
‘called “aspheric.® A curved image plans is inocorporated in

E‘
!
5
z
a
:
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The 48-inch lens'was to have at least twice the resclution
otanycmrablolm (thumtumapmnonmpq
millizeter). Project engineers planned to investigate a "folded®
lens system which would permit the length of the camera to be
mmmﬁmwuwm”

Mmdﬁtﬁoucmmmtbmybntb:
1956, although great mumbers of operational aircraft still
were equipped with cameras suitable for.ths medium altitude
n;sm,aﬂamm«mnsu&vdmtmuudatm ,
Same mission area. ‘

“Mediun® meanty, gensrally speaking, between 5,000 and
SO,MOInt,mdganJynqundatoullengthoszmus

‘toobuhtbmeosmdom. Thus, the 12-inch cone was

charactaristically mated with cne of the cperational Migh
altitude cameras whenever medium altitude reconnaissance was

for mediun altitude spocific target photographs., The
uﬂtwmwwmatWIMomqu
and left oblique statioas.

Vertical 12-inch X-38's were {0 be mounted, on oceasion
ut&Mand:rtheumumapnh;ftho ’
Rs-ﬂgthnmmoawmmntorthpnr-lwtocam

TS 0o - o — .. -
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a single vertical 12-inch KA-l. The other existing camera

planned for medium altituds work was the XA-2, "Rotatable™

12-inch .-KA=2's were scheduled for installation im both

the RF-104 and RF-105, while forward oblique KA-2°'s of the

same toa&sh'ngth were to be mounted in RF-105 and RF-101

aireraft. ‘

.}_hd.im altitude cameras still in dﬂdmt included
the KA-13 and LA-11. Both 24-inch and 12-inch cones were
planned for the EA-13, and this made the camera suitable for
medium altitude work. The LA~11 body would opontzsatudim
altitude with a 12-inch cone Just as the K22 did.

The Rycon }hm!.aetu_-l.ug Company was developing a caxera,
the KA-l4, which represented a considerable step forward on
the road to obtaining a truly up=to-date, high-acuity medium
altitude reconnaissance camera. Designed primarily for high

‘speed, low altitude photography, the KA-li nsvertheless was

to bs usable with a 12~-inch come for medium altitude shots. _
Its‘tomtmtournddho-m.tinchu square and it carried
up%”btutdﬁwmmniunm.

It vas a fast-acting camera. Its Yocal plane shutter  °
could operate at speeds up to 1/1000 of a second, it could
cycle six times per second, and its film ocould be moved during
oxﬁpsm atanuotlo.amhupor‘ueond for image motion

. coupensation. Its lens was fast, too (£/4.0 for the 12-inch

cons), .and the camera‘'s weight was about 45 pounds. ‘!hoeaura :
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design allowed installation in any standard Air Foros mount,
andmchtutmsumtonﬁewmtmlndg;d‘d
The contractor dmm_.-'-d the first experimental model
ofthon-‘itothohr&alkmhbwuoryntmm
Field early in 1955; flight testing in an RF-84F had begun

,_hytiuondo:theyur. These tests were eo.niadorodmeoum
‘and, w&nh1956=ﬂmm'bmm‘twm‘:t

of a service test quantity of 21 cameras by late 1958.

The region below 5,000 feet altitude, 1ike that above
30,000, was becoming increasingly important to aeial reconnaissance

%

. camera designers by 1956. In low-altitude operaticms, probleas

of navigation and proc:.so location of targets were :.ntmiﬂ.od.
but low-Lflying rocennnssaneo aircraft had the cmﬁng 2

' ...;-.: ‘

¢u

ability to get in and out of target areas without overmach &
exposure to defensive fire. The chance of intarvepticn by i‘.',r
onowudar.msﬂuormwﬁ:nmmﬂ:w‘ :
The valus of low altitude reconnaissance was brilliantly
illustrated in September 1950, during the Korean fighting, -

by three RF-80 pilots from the Fifth Alr Force. They made

" four very-low-altitude flights over the invasion beach at

Inch'on, trying to get piotures which would show the height

. UNCLASSIFIED
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of the seawalls and to locate defensive armament, sandbars

o~ .' and shoals which night snag landing attempts. The RF-80's,
 meremmrmr- - using-K=22 cameras, made both vertical and obliqus shots,
some in heavy overcast and drizzling rain. The verticals were
taken from about 3,600 feot altitude, while the obliques were
shot as the aircraft streaked toward the beach at altitudes
between 100 and 300 fest. | '
. Results were excellent. Invasion forces based their

‘plans for an assault on the seawall height data d.r:l.v-..i.tron
the photographs. Anpt;n:_a.ons trcops stormsd ashore equipped
with the nscessary ladders, and went over the seawalls easily.
The walls proved to be almost exactly the height calculated
from photographs. Oblique views of the beaches from various
distances off shore also proved invaluable to the. crews cperating

In general, low altitude, high speed rocémbunoo._photo—
graply required short focal length lenses, high shutter speeds,
and high image motion compensation rates. Hosi:ottbollm
altitade cameras o‘pe_i-ataonal An Jume 1956 used 6-inch lems
cones almost exclusively, bntaouaummdordm].mt .
were to have lenses of 3-inch—and even l.5-ingh--focal length.

: The venex"able K-l?é and K-22 cameras still served
on low altitude reconnaissance missions in the RF-8AF,

oo~ ~ The tri-camera.array of 6-inch K-17C's used for area
reconnaissance missions did doudble duty and performed
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+ low altitude missions as well; the sams held for the

forward oblique 6-inch K=22, but, on occasion (as in
the case of the RP=-80-% iz Koma), a 2% inoh K22 was
mounted at the forward ohlique station for low altitude
roconnatssance, /0 '
' Othar existing cameras planmed for opsrational use
in reconnaissance aircraft still in the developmsnt stage
were the Ki-l and Kie2, Tentatively, a 12.inch KA=l
camera, mounted at ths wertical station of the RF=105,
was to serve in a’'low altitude capacity in addition to
performing area search aud medium altitudc recomnaissance
Swmctions. Kie2 cazaras with 6=-inch lenses were slated
for installation in both RF.1CH and RF-105 aircrafts
in “he RF-104, the KiA=2 to be installed in a rotatable
nount and used strictly for low altitudes work. In the
RF=105, however, a triecaners arrangemsnt of S-inch KA-2°'s
doubled as high altitvde aroax search cameras. The RF-105
was boing engineered to usec both l2-inch and 24-inch

. Ei=2°s for lov altitude missions as well as tha

. missions jor whica the cameras were designsd. While the
12einch KA=2 was first of a1l a mediun altitude camera
for cither rotatabla or the forward ohlique mounting,
using it Srlowaltitude missicns wvas certairly possible
and suck a contingency was provided for. Simidar)w.
tin 2leinch model was intended larpely for high altitude
{2rzot recoannissance, but.(azain 23 in the case of the
2lbeinch K=22 in Korea) when mounted as a forward oblique

. in the Rl‘-‘ﬂos, it could be valuable for low altitude

gissions, A

- The only production camsra spredfically dasigned tux.-' low
altitude alasicﬁs was the Ki-3., Equippod with 6-inch lenses,
these caauras were mm.lod in the tri-metrogon mowmts of
FB-U745 for exclusive use in low altitude roeonmuaaaeo.vz

The KA-3 casara had a 9-inch squure formtand used uwp
to 390 feot of 9.5-inch £ilm. As of Juno 1956; it could use
only one :oél length lens (6 inches) and it was installed

in oaly cne type of aircraft, the RB-h7. The camera weighed
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-ﬁbuzt 30 pounds and was capable of cycling tuice every second.

Its fastest shutter speed vas 1/400 of a seconde-rather slow

for low ﬁum work--but it pravided image motion compensation
rates as high az scven inches per second. The KA-3 had been
engineered for installation in a torquer mount, but in oper-
ational use it appeared only 25 a tri-motrogon. _

The Air Force's stable of developmental low altitude cameras

bad an Augean ook at first glance, simply because the quantity
of hardwaro s 50 .la'rgc. Ams were decsiving, however,

_and cleaning out the less important items required scmething

less thanlsrculean efforts. Five of the cameras planned for
the low altitude missicn were also intended for high and medium
altitude recomnaissance, and only two were exclusively low -
altitude cameras.
mn—ummmmmﬁrlowu‘pnu
mecinn altitude work. In the latter application this camera
utilized a 12-inch lens cone. The low altitude model of the -
EA-l :would accammodate either a 3~ or a é-inch lens, homver.”
The KA-5, ostensibly a high altitude area search camers,
was also a-good bet to perform the low alti.tudo mission. like
the KA-4, the KA-5 would utilize both 3~ and 6-inch lens comes,
but, in additiom, a 1.5-:\.3013 cone was to be developed especially
for it. There was soms thought among Aerial Recomnaissance
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laboratory porsoml that a S=inch cone lﬂ.ght also be designed
‘-.torthon-s,butthemmnt'crmchacmmmt
”tﬁ'u’?s .

It was possible that the KA-13 camera, using a 12-inch
* lems cone, would alsc serve for low altitude missions,although
plans for the KA-13 concentrated primarily on higher altitudes.
m,n-aswmwnhummd;mumm@o_
low altitude race. The KA-25, a 6-inch focal length camera
destined for installation in the RB-58, was a high altitude
masearchcmnnkethonosmn-abutitcoﬂdportm
adequau]yannlwaltit\ﬂomsiou,andphutoritsdcnlop-
ment foresaw just ‘such a fmcgton. The LA-11 body, using
githera&hchorzlbmchcem,wouldnmsteer&in];m
future duty u.a low altitude reconnaissance camera, particularly
nmuaurmmtarspood(llléoooraueonq).s

ﬁxeepttorthoﬂ-jandM.thoumhadomuﬂm
drawback in operating at low altitudes. They had :nrgo formats,
_(either 9 inchess square or 9 by 18-inches), and this meant
zschanical difficulties aplenty when high image motion com-
peunsation rates were ntw. It also meant that for focal
.longthlshorhrﬂ;n6hchn.wuﬂhwelmu.
would be essential. In view of these circumstances, the trend
in low altitude msmtmrdth.-us(of?b-mur

£ilm. The KA-ii's 4.5-inch square format was still somewhat
-CONFIDENTIAt —
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. hrgofortrmhaghspeedo;eraﬁm,buttheKA-Snnd?o-
" ‘millimeter film, as did tro other lov altitnde camerss, the
" KAw26 and KA=16.

mwmmdtbthrummngupodﬂly

-umd'tarmntum-ss; it vas to be exclusively a

Jow altitide mechamism. It produced & 2.25-inch square ex-
posure on 'I.O-ILJJhbur £41n carried in a 250-foct capscity
magazine, and it relied on a 3-inch, £/1.5 lens. Its shutter
ua's to be .upnhlo of operating at speeds up to 1/4000 of a

-~

. second, eliminating any need for image motion compensation
“and special mounts. The canra'conld be rigidly mounted to

the airframe since the fast shutter speed would millify vibration |
and motion effeets. The KA-25 would cycle about 7 times per |
sacmmwmmumnmmp@s Like the
n-zsudnu.tun-%msmlumunchum
stage at the end of June '.1.956.77 .

Very siumilar to the Ki-26, although not being designed.
_for a specific weapon sysﬁan, the KA-16-camera also used 70~
zillimeter film and had a 2.25-inch square format. The comtractor

for the KA-16, the Bulova Watch Compaxy bad by June 1956, de-

livered throe experimental models of the camera to Wright

Field. The KA=)6, like the KA-26, depended on bigh shutter
speed (up to 1/4000 of a second) to reduce image blur and
had no provision for synchremizing movement of the film during

__CONFIDENTIAL
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cxpoanre'withm‘;otth'o‘mgoamssthofoc'alphu.
- Camparative tests of two different més, one £/1.5, the
other /2.0, both of 3-inch focal length, were to show which
.was most appropriate for the KA-16°s low altitude mission.
The camora would, of course,incorporate automatic exposure
eontrol and coded data recording, and it would cycle 6 ‘times
pe:.-_su:c:ncl.78 .‘ .

Aexdal Mapping

The requirexents for anad‘:.ld mapping- camera were ex-
tremely rigorcus, not only from the optical standpoint of
high resclution, excellent defimition, and lack of distartien,
~ but also from the standpoint of mounting provisions. Such
a camera had to campensate for or overcome spoed mdv:l.b:'.'ation.
effects, had to be mounted so that it was vertical, and the
resultant aerial photograph had to be compatible with accurate
qapaofthoammrod._" . | :

Oomral operational requirements of 1955 called for aerial
‘mapping from altitudes so highand with accuracies so great
uuue@wuyoﬁmsm_ozmmmtor
current inowledge. The Air Research and Development Cozmand: |
Technical Program Planning Documsnt on photography deliberately




5 .

understated the problem in cautioning, "considerable dl;lop-

' thkwmummduwmtm«pawity.'

Co==rd headquarters, in a technical requirement that
followed in'the wake of the planning document, called for
thnestabnshnntota“smmdreuarchanddmhpontpro-
gran™ that would result in a 'ﬁm-phsodmintho
mtmtofdotnilt.hatcanboneordedoar;hmd.thmpro-
vide an effective substitute fo- increased focal length, bulk

and weight of aerial equipment, and the present production

. 1}
- of fantastic quaantities of negatives and prints.” BHsadquarters

expressed the hops that ultimately, "a single small photograph
taken from very high altitude will yield, when examined by
a microscope, the same amount of information that now is ex~
tracted from thousands of zerial photographs,* |
The otﬁﬁai requirenent :tor. aerial mapping amras speci-
fied an exacting development schedule. By 1960, navigational
Eaps ’prepi;z%d by reference to aerial photompha were to show
details which could be pinpointed to within 1,500 feet of

‘muwmmmmmm:utotmuwmm

above sea level. larger scale "target ™ maps were to .emable

mpnpommgoraunsuutmnsoo:mormmuon

and 50 feet of their elevation.
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By 1965, all maps tased on urhi photomplv'mu to
zoet the requirements of the 1960 “target® maps, and the photo-
.graphiz zmapping system 1tse1tm to be of “m-yh:l.ghacuty"
and of "haltthei‘omtai:olndtocalhngthotmuntnppug
Photozﬂphw After 1965, accurate nppd-n; photomphw Irom
cart.h satellites was to .be the objoeta.vs.

» In 1956, the altitude limits and accuracy of aerial mapping

'cameras were far removed from tus optimistic requirements

of the technical program. Mapping cameras could cperate to

about 25,000 fesk altitude, considerably below tbe 60,000 ¢

fost desired by 1960 or the 300 miles dos:.r;a soon after 1965. Points
_ on the ground could be located on 1956 aerial photographs
" to within 2,000 réot of their true geographic j:os:.tam. but

this was only possible at relatively modest a.ltitndu.m_.

The canem:nopemﬁmalmthraughontthnurrom
for aerial mapping were the boary K-17C, the T-11, and the
'u'm.s.vely new KC-1. The K~17C was not ordinarily cmsidaud
a uapp&x:s camsra, but it served on occasion in that apadty
in the RB-36. The mapping cazera cal'l.cdforinmtopcntioml
aircraft was the T-11. Single vortlca.'l. T-11's could be mounted
in the RB.34, tboRB-h?, the RB-57, thoRB-66,andthoRF-8kF,
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* ix the capsule of the RB-52. Raturally, only the vertical
camsra of & tri-mstrogon group was the actual mspper. The
two side obliques aisded in dstermining the flight attitude
| ctthcairmttéwahow‘.ngthopuitiﬁot_ﬂuhoﬂzmontho
ieft and right..& ,
In.iuno1956, anphemutnppingmmupro-
cduction. This was the KC.l, mamufactured by the same company
(Fairchild Camera a?d Instruzsnt Corporation) that made ‘tho
T-ll. It Vas interchangesble with the 7-11 in all standard
Alr Force mapping mounts. 'I'ho KC=2 differed vu-y 1ittle from
the older mra, having the aano fomt, £41n width, lens, .
shuttcr spsed, and mount, It was, however, about 20 pounds
. heavior, and it cycled somswhat faster (once every two instead
oI svery three seconds). The KC-1 was also built with an
integzrol mgazim.aj ' |
| morthosecammhdauthusincmon—thoym
) t.sedtormppd.ngunnglomt&.alaom ‘l‘huuasadenm.to
diaadvantage, because as photagnpm.c altitudos increased,
the determimation of the heigbts of grourd objects became
almost impossible frem single prints. Accurate contouring
'ot zaps ,thu developod into a major mblm #m. By early
1955, the wmwmmmummmw
z3nt of the “duplex” camera--cme that onbod.tod two convergent
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oéuul systems in a single body. Convergent photography

was also strongly advocated by the Corps of Engineers, since
it permitted more accurate determination of gromd contours
and object heights from Migh altituds and aided the photo |
Anterpreter in other ways. The engineers indicated they would -
need a thmgmbylm. s urged far Forcs
establishment of 3 developmsnt rrogram to this end.

In Jamuary 1956, the Aerial Recomnaissance Laboratory
began work on "co.:x.nrgent mpping camu" capable of self-
sustained operation at extrexmaly high altitudes and under
extronely low Fressures. This high priority task required
a é-inch, £/6.3, focal 1ongth; distortion-free, wide-angle lens,
a 9-irch square format, and very high acuity. The convergent
ayst’un was to bs capable of resolving a 20-foot object and
of identifying an 80=foot cbject at a scale of 1:50,090; it
was to be light and compact, and it was to £it in a precisely :
- engineered torquer nmmt..es . o
| On 18 July 1956, the laboratory's Reconnaissance Caxmera
Secticn recommendsd converting the KC-l into a duplex mapping
canera. Theschodnhlniddwnintkotaskphnausdtor
delivery of the first experimental model within 18 months of
the signing of the con‘..ract.eé
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Might photographic reccmmaissance by mid-1956 was con-
‘centrated in either the high or the low altitude regica.
HMediua altituds night camsras, which included the K-36 and
the newer K-37 and K-47 cameras, would contime to serve until
operational altitudos finally outran tho:l.r capabllities.

mm.ghaltitude nqniromt rcrtd.wteamm called
for reconnaissanes photograpty by 1960 at altitades of 20,000
feet with the ahﬂ:l.tfto recognize o.bjeets five feet square
on the ground. S:.nee nightphotomphs in 1956 were scarcely
“able to provide recognition of objects 20 feet square from
30,C00 feet, intensive dovélop;nnt both of cameras and illuminants
was tsssont:;i.a.'l..a7

Right photozraphy involved smral serious Froblexs from
which day photography was insulated. Perbaps most i.llpomnt
mtmuedtwaruﬁmmmum&mcbdwm |
candlopcm potentialities into relatively small containers, .
Mnuithth.uaid. n‘htphotoznphsuqm.udlongw
times and th:.s, in turn, roquired extremely aeeuntu amge
=otion conpemt:.en. Might cameras also needed mora control
equipcent than tben- daytize couterparts.-forexample, a timing
zochanism for synchronizing the shutter with the emosion
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' due to their greater complexity, might photographic systems
were more expensive, as well as less reliable, than daytime
88 .

gystens.

' Might cimvras boing usicd operationally in 1956 for
- kigh altitude specific target recomnaissance included .
the k=36 ani K-37. While the K-&47 (a replacemsnt for the
. Ke37) was in proeduction, it had not Yot been installed
. - in oporational s although its use in the HB-56
had boen scheduled.'

As of June 1956, the somewhat antiquated K-35 stiNn
way -cbm.edtorimtﬂhtimintbmmwmm
of the RB-52 recommaissczcn capsuls for high altitude
night photography. The cazera would be equipped with
& 24<inch lens coms, ard tkomcattwould%:‘xyzlt
large flashbombs (M-120A1) for illumination.

] mxoﬁiwsuhdntomt9wmuchumd
had the disadsantage of reguiring 18.5-inch film, of
which its magazine carried up to 100 fest. It wvas engi-
neered to accopt oither a 2U-inch or 36-inch cons, although
in 1956 no operationsl aircraft could use the latter with.
out spocial installation. Tbe 24~inch model had an intra-
lezs shutter and. cycled at the Tegpactable rate of once
every second. Its maxiwmam image motion coxpensation
rato was five inches per second, and the camsra was de-
signedfo:instannuoninatommrmmt. With the
cone attached, the K-35 weighed about 260 pounds.9Y

Yost high altitude night miszions woro assigred to
the 12-inch focal length K=37 camsra. Provisions for
mtingthhcaﬂcnuasf.r.gbnrucumromdon
the R3-36, the RB-47, tho RB-52s capsule, the RB.57,
the RB+65 and the RF-84F. In addition, pairs of X<374s

mx-ﬁ,m:htuabmttobomudmtotmﬁ.ml.

m,nsas-w-ﬁmchtomthuraunnguptom
fest of 9.5-inch £ilm. Ithadonlycmtocallength
(12-inch, £/2.5) and oporated at g top shutter speed of
1/100 of a second. It cycled once every 2.5 seconds .
.andmg)mtbomuhborho;dotﬂpgnds. A torquer
moun' being developed for use. it would bably
not?aoponﬁmlhfonthok-j?mtmtotuw;::
use.
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The K-47, which went into production in May 1955,
had the same ﬁlncapacityandromtathoxﬁ-w
it was slated to replacs; it could use either 12-4inch,

. £/2.5, or 2i-inch, £/4.0, lens cones. Maximm shutter
opowd Was 1/200 of a second, twice as fast as the K-37
shutter, and the camera was capable of cpeling twice
evuysocondwunusedwithampﬁ_.nenthprovuions

—To6F image motion compensation or once every two and one-
half seconds otherwise. It was mamufactured by Fairchild,
andwasdasigudtoﬁttbocgrtorquarmt (1s-6)
being developed for.the K-37. :

‘Undar development to meet the rigorous :equ:lrmts of
the 1960 to 1965 period was a camora that would, if perfected,
roprcsenﬁ a real W" in high altitude night-eand

" even daytime--photography. This-was the "curved field” night

camera, for which the University of Rochsster had developed
a experimental lens as early a.;. 1954. The Aerial Reconnaissance

'Laboratory felt that if sufficient funds were provided, this

type of camera could be developed quickly enocugh to make the
difficult transition from 30,000 to 70,000 feet in the short
space orﬁvoyaarsandat'thesmﬁnu{tthehighresoluuon
Vroqu:i.rounts.. . .
The £/1.0 lens had been delivered to the laboratory in
md-1954, and by the end of the year flight tests of a *bread-
board” nodel camsra were undsr way. Dura.ng these 'bosts; usable
=ight pbctograph; were obtained from 11,000 feot using a ome-

pound photeflash cartridge. This was double the altitude

at which night photographs-had kitherto been takmuith the

B B
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same cartridge and the best 6-inch lens in the Air Foroe in-

mtory.. The tests indimated considerable promise for develop-
ment of a night photographic system which would be relatively

' 2mall in size and weight and would require a minimm of artificial
- 95

ildumination from high altitude, -
Withtbfouibﬂitidtbmdﬁoldmwand,.
. ‘ «

' the laboratory in March 1955 began to develop a 24=inch £/2.0

lens and curved-field night camera for high altitude reconnaissance.

. Test results had shown that such a camera could realize 70

percent higher aculty than flat fisld cameras in current use,
andthat‘ituquindoﬂyabmtou-tmththoartiﬁm
{1lumination currently dsensd nscessary. Plans misagod
t‘.h;-aaotthesocaumminasinghtorquumt

‘and photographing through a single window. One camsra would

bo a vertical and would aim directly ahsad of the Slash b
burst; the other two were left and right obliques.

By early 1956, requiremsnts for the advanced camera were
availables in a little more detail. The camera was to have
doukle the acuity of current camsras, was to. utilize i1luminants
andmtomighcnhou-thuﬂu,mchasemm.cumnﬂy |
in use. It was to be capable of sslf-sustained cperation at

high altitudes, low temperatures, and near-vacuum conditions.

. Dasignogs hoped it would resclve a seven-foot object or identify

UNCLASSIFIED
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=% 4 28-foot objact an the gromd at a scale of 1:50,000. Coded |
| data recording wWas mandatory. Since all film bandling: would
'Pe rapd.danda.utonat:lc,'thenr?oree plnmd.to study higher
speed film for possibls appnuﬂon in this camera, and even
‘airborns rapid processing would be considered. The Aerial
Reconnaissance hboraﬁory anticipated that contemporary night
Ligh altitude photographic system weight could be reduced

Zroa over 14,000 pomnds to about 4,000 pownds, and that an
experimental modsl of the cazera and lens would be deliversd
withinlBg:onths of the signing of a contract and the receipt

of funds.
.’“\‘ o

Nicht Tareet Reconmaissapes from Loy Adtituds

The Air Force's low altitude equipment for ntgh‘t; photo=
craphy was, in 1956, grossly inadsquate to meet requirements.
while it was true that when the Korean fighting hemtha
Photographic Laboratary at Wright Field had a low altitads
nigat ro;zonnaissaneo systen ready for use, that system was
extremoly crude and unreliable, and whatever useful information
1tprcvido_dmmthopradnc‘.ofaml_.dopdntorsand
interpreters rather than the excellence of the equ:\.mf..

Bscause of various adverse factors, not.tho ].oast

of which were the dearth of funds and the relative lack

‘, . of emphasis by higher headquarters on low altitude night
photography, by mid-1956 the backbone of the low altitude
night reconnaissance missiocn was still the marginally

—_CONFIDENTIAL—
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adequate 12-inch focal length E=37. A newer night camera

witn a smaller format (4.5 inches square) and shorter focal

ngth (7 inches) wer the K-l6, but it was scheduled
?or ',\nsgnata.on) RB-66 and RF-101, neither of which
was yet operatianal : .

Low altitude night photographic missions could be
flom by the RB-47 and RB~57, oach aircraft utilizing

" a pair of split vertieal K-37 cameras. The RB=47 carried

200 Mash cartridges (M-112) for illumination, while
the RB-57 could carry 203 of these, or 80 of larger size
(%-123). The RF-84F could use its single vertical EK-37
for low as well as high altitude night missions; for
11lumination, the sircraft carried 208 sgll (¥-112) or
160 large (1-123) photoflash cartridges. L
 The E-46 camsra was slated for mounting in RB.57,

RB-56 and RF=)01 aircraft. In the RB-57, three K-liS's
could be installed to msks up a tri-camera array, two
being placed in'the forward split wvertical stations, and
one at the rear vertical station. As of 30 June 1956,
however, this installatica had not been made in operatiocnal
RB-57's. Tae RB=65 and RF-101 were also enginsered to.
accept tri-camera K-46 groups. In the RB-66, the K-lib*s
were to be mounted at the forward stations, where the
centerpoints of all three lay in tho sane plans cutting
across the aircraft’s fuselage. It was plammed that the
RB-66 would carry 104 samll or 40 large flash cartridges,

The triecamera mounting for low altitude night re-
connaissance in the RF=101 incorporated a singls vertical
cepera just ahead of a pair of split veriicals,  For
41lumination, the RF-101, like the RB-66, would carry
oither 40 large photoflash cartridges or 104 small ones.
.\naltamhumnmntperﬁi&dacuﬁmﬂonotzo
large and 52 small cartridges.

The K-h6 might camera, mzde by Hycon, used up to

.250 feet of 5-inch £41m per load and had a format 4.5

inches square. The only production lens cone it could
use contained a 7-inch £/2.5 lens, although development
of a 6=inch lens cons was in progress. The 35-pound
E-l46 could cycle twice par second and it had image motion
compensation rates as high as 15 inches per second.

A torquer mount (1S-5) was in development for use with
the k=46, as well as several other aerial cameras, and
tke K-46 was also with the Alr Force universal

.caxera control system.
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Egrly in 1956, tho‘hboratmstarudmkonad.gh.t

.camera that could meet low-altit\:do requirements for the 1960~
1965 period. The task called for a duplex camera capable
of operating under adverse light conditions and compatitls
with flash bombs, flash cartridges, mercury arc lamps, and
possibly even infrared or atomic radiation. Project engineers

. anticipated that the new camera with two sets of optics in
o.rne.bodywonldginthesamcmragoprcﬂ.dodbyatrl-camn
array of E-4#6's, and that great reductions in camera weight

— and window sizes could be realized. The camera was to have

a very fast shutter, an image motion ccxpensation rate as great

as ni;xeinchssporsecomd,mdmtoboupahleofcyﬂ.ing

five timss per second. Ult:lmto].yitwauld"bo mated to a

h.}m&:@l«z&hlmmotmh_tgh:eﬁty,ﬁuttor

the irzodiate future a 6-inch lens come would be adsqiate.

ceme e . — Negative format would be 4.5 inéhos square, in a camera body Lo

requiring & built-in flash detector of extremely high ao;:uuut'y.m

Jlluminants and Light Detectors
By 1956, night photo-illuminants were producing about

Live tixzos as much nght‘as their World War II forebears,

but they were also at least tuice as heavy. One of the immediate

tasksfacingnrromandmﬂnanumvuchnicm |

was thus the reduction of bomb and cartridge weights for use
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in high speed, fighter type reconnaissance aircraft, and at
.the same time to increase light output even further.

The 165-pound ¥-120A1 photoflash bomb of 1956, with a
1ight output of s&et.h:.ng over 2,000,000 candlepower and capable
- of prodnd.ng usable photographs from 40,000 feet with an /4
'len;, Wwas a far cry from the World War II N-46, which was
barely adequate for might photography at 9,000 fest. MNever
thelsss, ho fighter type aircraft could carry many 165S-pound
bombsandstilihavo.x;-oonformras‘. Lucklily, tests during
1955 had pointed the way to a substantial reduction in photo-
41luminant weight. o '

Photoflash cartridges (M-112) weighing just about ome
pound were used in a series of night photographic experiments
11; conjunctinn with a 24einch, £/4.0, E-47 camera. Photographs
at altitudes from 6,000 to 10.006 fest in 1,000-foot increments,
 pronpted the conclusion that a 40-pound flash bomb could
" be built which would make 40,000~foot night photography feasible!
Tgxo_etticioncy of the flash pouder boinguudinuue.rm
Force cartridges vas phencmenally higher than even a year
befare, and this increase was dve almost enﬁ.roly to m:m.a.ctm'hng
techm.quos rather than to new ingredients.

. 'meremg.stin Plenty of opportunity for the prims pyro-
tecimic development agency, Picatinny Arsenal, to create new’
compounds of vastly higher efficiency, axd thus pave the way
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for the Air Farce to design aorad&nan:l.;o gen‘o shapes suitable
tcr superscnic, high altitude release.

. Early in 1956 the laboratory began to coordinate and
unify the development of flash compounds, fuzing systems,

 and bomb shapes 50 that night photography at altitudes menticmed

in the technical requiremsuts could becoms possille. By making
advances in each of these areas, and by trying such new techniques .
as detonating st.ﬂngs of flash bowbs simltanecusly, the Air
Force believed that the altitude requirement could be met

with a bomb packags Snallerthmthali-lzoum

Low alttwde. night photomplw was not overlooked in
the search for better illumnants. In development was a *mini-
flash® system for the altd.tudo region between 500 and 1,500 |
foot, a2 system designed to lpp]y minlaturization toehm.qms
to the low altitude photoflash equipment already in oparational
u”.165 o .

The Aerial Reconnaissance labaratory was momitoring develop.
uatofotbrﬂluﬂmntsinamtiontothonuﬂlinuﬂuh
powder. lNot the least important of these was the contimmous-
source airbarne floodlight. Xenonefilled flash lamps of high
intensity and short duratim had been used during World Wer

II with indifferent success, but developments and tests since
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that time had wrought vast improvements in the electrically-

operated .ngvo soux'-co field.

One undert.aking that held great promise for the low altitude
range from 500 to 8 00 toet. involved a mercury arc illumination .
system to be carried in t.he wingtip pods ot fighter type recon-
naissance aircraft. Fligm. t.esta in 1955, perfomod in a C-47
equipped with 3 mercury arc lamps, proved t.he feasibility of such

" a system at speeds below 180 miles per hour and altitudes below

2,500 feet. Upon completion of these.tests, t.u)o contractars

(AiResearch Manufacturing cqnpany and Marquardt Aircraft Company)

began to develOp 12-lamp mercury arc illumination systems. Both

systems were to be powered by ram-$ir t.nrbim-drﬁen generators

installed in vingtip tanks and tested in an RF-GLF at Wright Field,106
By March 1956, the Aerial Recoxmaissance Laboratory had

received fram each contractor a 12-lamp system capable ‘of

providing about eight times the illumination previously ob~-

tained from the C-47 installation. The lsboratory amalyzed the
units ‘structurally and by 15 May had installed them in an RF-84F
for flight testing. The airborne test was well under way on
30 June, and plans were being laid for fabrication of an ex-
perimental 2l-lamp mercury arec syst.exi by 1957.107

In f.ho case of a continuous light source carried in the

aircraft, synchronization of the camera shutter with a flash
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ofnghtw'asnotaprohhn. thnpombsorcartﬂdgosm
used, however, the synchronization problen was cogsi,darab].g.' .
The bomb or cariridge had to be relsased so as to explode
after falling about two-thirds the distance from the aircraft
to the ground, and the trajectery of the boub had to be such
that it was no longer in the camera’s field of view at the
tine 4t explodsd. . |
Therewrewopﬂ.nd.palncdespfoponﬁ.ngthoahutw
so that 4t opened during the pericd of the flash bomb burst:
by the use of a flash detector (attached to or imcorporated
in the camera) which vas built around a photoelectric cell,
ard by the use of a timing device synchremized with the timer

___in the flash bomb. The latter msthod required such high orders

of accuracy, however, ‘that post laboratory and contnctor
effort in 1956 was concentrated on systems using a photoelectric
o™

_ In the thres or four years following Wordd War II, the
Photographic Labaratary at Wright Field developed flash detectors
which were designed to open the camsra shutter only during

the period of peak light intensity from the flash bomb. Since
the total time of the flash encompassed about 1/6 of a second,
this meant that the camera shutter would be open for about

1/100 of a second to utilize the maximm illumination. By
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191';9., ‘however, the laboratory was dlready laying plans for
light detectors which would open the camesra shutter at the
. beginning of the bomb .:_:ﬁ:.osion and close it only when the light
wa; completely dissipated. The longer exposure time naturally
increased the 'probln of image motion compensation.

World War II flash detectors had generally been aimed
directly at the :msh‘bon}:' burst point, but this practice
" caused many spurious 'shutter trips due to u‘arch]ighta,_ flak
bursts, and ground*fires. In consequence, flash detectors
caze to be operated by light reflected frem the ground, although,
by 1956 altitudes were becoming so great that 'reflected light
w;s no longer intense enough to trip camera shutters,19?

By early 1956, the Aerial Reconnaissance Laboratory was
_at.tcnpt.ing to eliminate known deficiencies in production mah
detectors and to design new ones. One flask detector improvement
called for amplifying the voltage pulse generated by the bomb
turst andv increasing the aensitivl.iy of the pickup cell. Photo- .
graphic engineers believed that the improved detector would trip
a camera shutter within five milliseconds of the bsginning of
the bamb or vartridge burst and thus allow i;tmzat.ion.of about
90 percent of the. {1lumination. 110

The laboratory also studied possible new types of detocté:rs
‘capable of operating at extreaely high altitudes, the nature
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' and intensity of ground reflectious, and envirommental con-

aitions that light detecting equirment would have to endure.

. Tt appeared that the might photegraphy technical require-
ments of October 1955 could only be mst by using the light

fron several simltanecusly detonated flash banbs, 80" imvesti-
cations of new bomb Anitiation methods began. Cne Mmmg'
a rexote mmmum'mmnmdmmucmum

' aircraft itself. The investigation centered about variocus

typosotmusm&~mctedunmnmmmmtrol
aircraft. Tbeobjectwastodos.ia}ahuthttcaulddptwfu
a salvo of flash bembs nmmau;lyupunmptotasinglo
control signal from the aircraft. |
A *warning flash device” was nsaring cozpletion by the
end cf June 1956. mmmlhdauuﬁaapymuchue
cart=idge ejected from tho tail of a photoi'lasb bozb at a
predeternined tizs after the bomb was relessed from the air-
era®s. Tho cartridge would flash and simulansously detonate
s_:woéal borbs through photocell-actuated fuzes iucorporated
in eack Somb. The flash of the cartridge also served to trip
the cmx?a- shutter in time to mike use of mry bit of ﬂlum.muon
provided by the boaba. |
Iz acdition to working with such aruqlos, the Aerial

Bocoznnaissance Laboratory investigated methods of producing
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night photographs with nttlo or no arti-ﬁ-cial illumination
‘at all. Those emtrusted with this task were to take note
of new high speed lens designs; development of high order,
extremely unn‘sm illuminants; light uﬁnnau.on systens
' (vherein the amplified light image was impressed directly
on film); and evaluation results of the latest high spoed
films. Flight tests in early 1956 bad already succeeded in
Ce obtaming rat.hor low resolution photographs under moonlight
alom.n3 . R
Strike and Gun Cameras
N .-fi Another field of aerial recomnnaissance photography was
: that of recording the impact of bombs, rockets, and bullets
* delivered either in air-to-air or aireto-ground attacks.
Nearly every aircraft that carried conventional bombs as part
of its armament was equipped with a P=2 aerial "W" camora.
This was & fast-cycling (six times per second) still picture
camera with shutter speeds up to 1/2.000 of a second; 1t used
100 fest of 70-millimeter filz. The P-2 could accommodate
six different lens cones, with focal lengths ranging Irom
1.5 to 12 i.ncbs. for bozb damage photography at m. modium,
and high altitudes. It weighed only about oigpt popnds, gz

extrerely compact, and made nogatives 2.25 inches square.
. N 3 . ; - [ ]
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The P=2 was capable of performing direct bomb damage
assessnment with a rouonnhlo ciogru of accuracy and clarity.
The advent. of fantastically powartnl nuclear weapons, however,
mnt thnt bombardment aircraft no longer could rcm:.n diroctly
worthemathoymrobmz but had to be many miles from
the target at the mtant of bomb detonation. Thus, bomd
damage assessment could no longer be performed by direct photoe
graphic methods, but only by indirect, radiological or electronic
means, 'l'hs P=2 strike camera, therefore, had a very limited

' future appheation, Af any, and the Aerial B.comaissaneo

laboratory plarned only to attempt a certain anount of product
improvement on the existing article.
Toe aerial motion picture camera, used almost oxciuaivo]y

in the gun camerz configuration for operational missions,

was destined to be the subject of much future development
work aimed at the focording of alr-to-air and air-to-ground
rocket firings. The curnnt operational M:- Foreo gun camera
was the N-9, a 16-millimster not.i.on ptcturo camera with a
35-aillimster, £/2.5 lens. The B-9 was capable of operating
at altitodes to 50,000 feet, but during clear daylight conditicns
could record impacts at a maxizum distance of only 1.500 foot .
fron the lens. A trmndous amount of research and dcvolopunt
work loozad ahead if the 1960 goal of camsra aporation at

100,000-foot altitudea and =0 toot ranges was to be met,
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Automatic exposure ccntrol offered dit-tieu‘.l.t problams.
In May 1956, the ;ar.tal Reconnaissance Laboratory concluded
flight tests of an -autoutic oxj:oem contrpi submitted by '
Spocialties, Incorporated, and reccamended that the oontrol
be incorporated in all N-9 gun cameras. Such an item would
substantially improve the exposurs of m camera filz and

. satisfy a long-standing requiresent. In 1956 the laboratory

ﬁas also condncung a two-year study of the over-all auto&tic
exposure control problsa, both fer ai;r-to-ur and aireto-ground
strike pho’togra;hy.n7 .

Nearly all development work having to do with strike
and gun ¢amoras was stan in the study stage during the first
haif of 1956. The reauiremenis for such cuum were 3o far
in a2dvance of the abil:itius of existing Mas that any kind
of "product improvexsat” would fall far short of meoting then.
"Azong the tasks having to do vith gun camera development were:
a proposed study of ways to improve the quality of strike
-photography, including the use of thin-base films; ceﬁpmnt-
developzent ‘of mew film advancement mechanisas; developuent
of a recoring technique to photograph from beginning to end
_the cozplote low altitude bombing system (IABS) mansuvers:

. ard a study of materials for use in strike and gun camoras

under extrerse enviroamental conditions.
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During Pebruary 1956 the Might Photo Ssction of the Aerial
Reconzaissance laboratary propoesd . step-byustep developmont
leading to a complets night strike phot:ogupbic systea usahle
iz gin-to-air and air-to-ground l;i;dons. The first step would
be a'teasibui..ty study considering an air-fired rockst carrying
_ an Alluminator head. Sich a rocket would provide 11lumimation
and allow identification of a tarvget aircraft or missile, cause
texporary mm.a; for the target aircraft's occupants, bring -
about low-order destruction in caso of direct collisions, and

possibly provide mnnmtion sv.{!ncicnt for ur-to-zronhd '
: : 19 '
strike recording.

The extrems requiroments for strike cameras not only
zade the N-9 camera obsolete, but in addition readered obsolete
at lcast five other aerial motion picture cameras in develop-
umt. These were the KB-1l, KB.2, KB-}, KB-li, gnd KB-5 cameras,
nczs of which (except possibly the KB-3) would ever becore
cpsrational bscguse of their ligzited capabilities. A truly
advanced strike camera degign would hivo to avait the results
of tho studies just getting under way.

! 4 ’ : L)
Becauss of the increasingly mobile' natare of ground warfare
- and bocause of special..envirormental ~conditions atfecting airborne

Fhotographic equipment, the Aerial Recomnaissance Iabontory
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i5n 1956 was engaged in an extensive progranm mOlv:\.ng airborne
processing uguim and uncmntioul_plwtog_npne methods.
Thé principal flcvalopum in rapid processing were a magazine
utilizing the Polaruid-land wet process which could produce
2 positive print in about 60 seconds, and an Ansco magazine
that ga&e promo'or turning out dry negatives and positive
Frints at a rate of one swery five seconds. The unconventional
techniques being -ex?lond for possible use in atomic radiation fields
;.-ere: the "xsrographic® process and.'tuo other “photo=-slactro-
static” mothods known commercially as “elsctrofax” and “kalfcw.®
The Polarcidi-land magazine had a 9=inch square format
cad was being enginesred to fit most standard 9-by-9-inch
a;arial cazeras. By mid-1956, ths laboratory had nearly cute-
pa3ted fabrication of an experimental magaziro, and future |
plans called for procurement of a single service test'godol.m
- In early 1956, the herial Reconnalssance Laboratory
diveloped a standard Polaroid-lazd csrera into a radarscops
recerder for use in B-47 aircraft. Hhiﬁ such a camera was

nei strictly a reconnalssance camera, its utilization as a

' ravigation aid showsd the wersatility of the np&d-proeoésing

technique. The camera was irnstalled in a B-47 oporating out
of Barksdale Air Force Baso, loulsiana, and was set to make

an exposure of each 350-degree sweop of the navigation systen
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7LiCTSCOpR. 'Ma allowed the radar.to operate mhrd.tuntly
and ‘thus aveid passive detection and jJamsing, The prints
;btama't'mthn camora were sufficiontly zlear to allow
the B-47 to be masigated by means of photographs aloms, prompting
+he Aerial Reconnaissance Laboratory to recommsnd the establishe-
ment of a roqﬁronut Zor iArstallation of a standud !fohroid-
land camera in B'JO? mcrin.m |

A rapzd-proceu.ug magazine that offered great prozise

. for future high altitude work was being d-n].oped by Ansco

Corporation in mid-1956. The laboratory expected delivery

of a breadboard acdel magazine in July, with fabrication of

a second model after the first had ;hun flight tested. The

Ansco magazine was to hawe ab 9-inch sguare forzat and be usable
with all standard 9-by-9-inch Air Force cameras. It was designed
to develop a dry nsgative and nko onn posiid.n print. . The |
positive would be available about five seconds after the first
exposure; after tha, prints would appear ovuiy two seconds.

rﬁ. coveloped negatives remained in the nigazine, while the
 prints were either QJOM froa the aircraft to: quick

p:.;k-np by zround troops or transaitted by facsizils methods

to roceiving stations within radio range. The-design of the
cozplets system was being directed toward operation under the

122
extrems enviroamental conditions of vory high altitude reconnaissance.
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Anotbher task, docn—nud but still without a contractor
by 30 June 1956, called for a ca:_plou rapid processing camera
foﬁ high altitude recomnaissance. The camera was to develop
its own high resolution (50 lines jnr millimster) negatives
without making positive prints. A fixed-aperture, fixed-focus
}cns of 12-inch focal length would be designed especially for
the camera, as woulll a very fast focal plane shutter. The
camera would give 40 degrees of angular coverage, would re-
quire no image motion cozpsnsation, and would oporate under the
high t&nporatun{and low pressures characteristic of high
altitede, high speed flight. |

The aircraft was to be provided with a special viewer,
over which the developed negatives would be .u.-r:led for immadiate
interpretation. Telsvision transmission of the ugativaa to
a ground center was also to be provided for in the system
design Tbocammimumtoboverysnninsiuand
nght. in wu;hf:..lzB

‘ In the realm of "uncouventional® r-hotomph.tc techniques,

the xcrogriphic camera held the ascendency in mid-1956, although
other processes were undsr study. The moid Conpany completed
fabrication of an experimsntal xarompu.e camera in early
1955, characterizing it as a “prototype for breadbgard modsl

caxeras,” and the Aerial Reconnzissance hporatory immadiately
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started ground tests. The expsrixental model was too large

_and heavy for aerial use, -and in addition lacked sensitivity,

spesd, and simplicity. GOrouni tests of the camera, however,
indicated that the process showsd considerable promise since

the plates were far less affected by atomic radiation than

were standard silver hmde photographic materials. The lab-
oratory planned to huy five sareice test models; ons of these
was to be bench-tested, two flight tested by Wright Air Develop-
zent Center, and two flight tested and evaluated by the Tactical
Air Command. ’ .

The exper:mnfal cazera produced positive prints 4.5 inches

.square and had a 12-inch lens cone. Its plates were coated

with & selenium~telluriun mixture which was éIectrostatically
charged before an exposure was ndo. On exposure the plate
vas discharged, leaving on it an electrical image which was
then developed by passing the plate through a cloud of black
c;rbon powder. The image could be transferred to white paper
by pressing plats and paper together bstween rollers, or it
could be. tunsxnttod by» facsimils methods to'a ground suﬁon.
t was also possible to transfer the image from the plate
to a clear-haso film for viewing or printing in quantity.
Serious faults in the experixeatal model prompted the.
ladboratory to request establishment of a study task aimed
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at a design for a trly practical aerial ohgtrosutic CamSTa.
The Armour Ressarch Foundation of ths Ilinois Institute of
Tecknology was grasted i_atudy contract in sarly 1956 to in-
vestigate both xarography and a process called "electrofax.®
The study was to delve into methods of obtaining better re-
" solution through the use of finer grained plates with increased
 cemimem:.. ——3tDSitivity, and to investigate thoroughly the problem of |
atomic radiation effects.
Tae electrofax process was similar to xerography, but
photoconductivy zaterial on a papor base was used instead
of seleniunm plates. A great desl of stady would be necessary -
pefore this process became practicable, since the material
was ‘*ohta.vely 1nsohsit1vo and hence slow 1;: ;ﬁnd. and its
raaoluti.on and radiation resistance were unimown. 125
Ons other process that bhad potontulitiu for aerial
ptotography was "kalfax,® a msthod of developing which gave
alno_st. infinite resolution. In this process, unfort.muly,
s the ouly availablo photosensitize material was sensitive to
vltraviolet radiation but mot to visitle light, Hevertheless,
developing platss by the kalfax process was relatively simple,
using eitber ordinary heat or infrared, and the plates thea-
selves were practically insensitive to atomic radiation.
Intensive research into this method pramised to be well worth

- 126
the thorto
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Hognta, Controlt. ard Other Boutrment
Cazera stabilization becans. 1nmaa1ngis vital as photo-
graphic altitudes sncreased. Not only did poor stabilization
msan poor resolnt.on, bnt, 4a te case of area search and
rarping photograp:q, a camara that was only a "hair" off vertical
produced phctographs disoriented by h\mdreds of feet on the
ground. Barly efforts 1n the field of camera stabilization
" pad utilized penduluyms as the vertical references, but it
was soon discovered that horizontal aireraft accelerations caused
sizeable errors in pendulum positiocn. Ths Air Force then
shifted 't.'o vertical gyros coupled to geared servo syst@.
TzAs proved reasonably satisfactory for daytime photography
at mcderate altitudes, but not Ior night photograpkw with
1ts longer exposure times. It was the more severe x-.i.ghttm
requirezent that led to the developmsnt of t.ba torquer mount
in which there was no mechanical gearirg between the camera
gizbal and the ad.rrrah. |
‘An even more sever stabilization problem was poaed by
the requirement for strike photography. During a "normal®
recqnnaisahneo mission, the pilot of an gircraft concentrated
on flyine as s@ght and lgnl a course as poésibﬂ.e, bat,
during an air-to-air or air-to-ground strike, he frequently

.had to perform viclent maneuvers. To enable the pilot to
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keep kis attention on combet, the ztrike cameras nseded mounts
that woild autonatically maistsir a level position during
fantastic airoraft gyuticns.w '

As of Juns 1556, there were sovfral torquer mounts in
chmnt, all of which ropresented an advance over standard
geared mounts, but aone of wbich provided the degree of stabili-
zation required by the October 1955 technical requirements.
Nearly all tke taka copmected with camsra stabilization were
being perforzsd by a single contractor, Aeroflex laboratories,
Incorporated.

Two torquer mounts, the 1S-3, and 1S-4, were being developed
to accormodate four- and three«camera systems, respectively.

The contractor delivered a develcpmental model of each in
Jume and July 1955, and the Aerial Recommaissance Laboratofy
f1ight tested three 36-inch focal length K-38 cameras in the

1S4 apd four 2h-inch K-38's in the 1S=3. The momits allowed

approximately 20 linos per millixeter resoluticn from the

_multi-camera arrangements and provided image not:l.on coxzponsatien

memmunmrthanbymthoﬁJm The

_ mounts the=sclves weighed abont 250 pounds each and would fit

in ap aircraft fuselage 55 inches in diamster. One service
128

"test modol of each was to be delivered by December 1956.

Tho 1S-€ mount (which was a torquer version of the standard
geared A-28 mount) was being enginsersd to acoept nearly all
—CONFIDENHAL—
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- Xir Force cameras currently operational (the E-17C, K-37,
E-h€, E-N7, KA-2, and T-11). This mount would actually be
tho only standardized Air Force torquer mount since most of
the other develcopmsntal mounts were tailored for a particular
_ aircraft.. The 1S-6, weighing about 150 pounds, permitted
resolution on the order of 20 lines per millimeter. As in
the case of the 1S-3 and 1S-4 mounts, Docember 1956 was the
forecast date for delivery of threc 1S-6 service test nodela.m
Aeroflex laboratories was also developing a general purpose
-aount for damage assessment pbotomphy during raids with
conventional hombs. This was the A=32 mount, a service test
model of which the Aerial Recomnaissance laboratory had gat
through envircnmental tests by June 19S5. fThis mount comld |
be installed in any bomber type aircvaft having a vertical
cazera well, and could accomnodate most standard Mr Farcs
caperas. It provided excellent vibration isolation for tue
careras, and had a renote pitch control permitting the pitch
angle 'to be varisd from eight degrees forvard to 40 degrees
rearvard, ‘rho'eupleto uunt assenbly, including control
box and cable, weighed about 48 pounds. The Aerial Reccanaissance
lLaboratory expectsd delivery of nine more service test models
complete with controls in July 1955, at which time further
tests vould be undertaken by Wright Air Dsvelopment Center,

—_— — - 130
Air Provirg Ground Cozmard, and Strategic Air Command. )
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The laboratory had selected no contracter to develop

& planned mintaturized torquer mount system capable of fully
guaranteeing high acuity in & saall reconnaissance Camera.
i‘rhe goal.o:«dmn.opunt was to be a mount that would operate
with maximum efficiency in spite of its small m...ln

While most of these Air Force torquer mounts neared the
ecd of the dgnlopnnt.;tago, the Aerial Reconnaissance lab-
omtor} .sti‘.u faced the problem of satisfying the technical
requirements issued by the Air Research ard Development Command
4n October 1955. As a start, the laboratory plazned a study
of all possible mounting techniques for high acuity cameras.
Since movemsnt of. the photegraphic image during exposure was

.stm the largest single cause of loss of resvlution, this
"¢ask would be of special importance for some time to coms.

Aeroflex laboratories was performing both study and com-
penent 'develo.pnnt in the entire field of stabilization and
mounting. Any improvements or important &ucoveriu were
‘to bs carried into equipment development. The investigation
included such areas as low insrtia mount systems, ®“drift®
of mount &yroaeqpu, low frequency vibratiom isolators, en-v

. vi.ronmtal protection of mount components, camera center
of gravity, and image motion compensation by "swinging® tecb-
niqms.lsz |

—CONFIDENTIAL



VII-85

Asroflex was also developing specific compopents needed
for satisfaction of ths high altitude area and mapping recon-
paissance requiremsnts. One ascignmsnt was to develop light-

weight systems for‘d'otond.ning true vertical during and after

wpoderate” aircraft maneuvers and %o investigate mesthods whereby

such a system could be tied intc an inertial automavigator.

The contractor was buld.tng ten service test systems in early,
. Y .

1956; these were to be eng:lnowed for use with the LS-£ torguer
mount.133 The vertical computing sysisnm would beccme unnecessary
4f one of more cameras could be "slaved” to a central reference
such as an inertial navigation system. This was to be done
through the uss of two matchsd pendulums. Experimental equip-
zent of this type was deliverd to the Aerial Bocmissame |
Latoratory in October 1955.13“ |

Aeroflex was also developing an cxtuuoly sensitive gyro-
scopic steadying @t for use in very high acuity camera mount
systers. Not only was the umit to be fast acting and immume
ta interference, byt it was also to operate effectively during
mederate combat maneuvers. Two experimental urdts were being
fabricated by arl;. 1956, as was an especially sensitive cmtrol.ns

The contractor was responsible for another task (suspended
during the first half of 1956 because cf the lack of sultable

test facilities), which demanded investigation of rocket strike
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mcoxﬁing techniques, No limitation on aireraft maneuvers

.after firing of the rockets was to be sllowed; the camera
mntmstohsvon-oedmtom%degmsinp&tchand

30 degress in roli. As Af these parformance parameters wers
@ot extrems enough, the mount itself could weigh only about

18 pcmnt:ls!l36 ‘
" . Anotber development involving pendulums instead of gyro-
scopes for the steadying reference in camera mount systens |

was assigned byAerhl bcomnmgo Laboratofy to the Bill

Jack Scientific Instrument Coopany. Ths contractor was to .
investigate "long period” penduim as possible substitutes

for gyroscopic mount systems. If a pendulum proved ‘satisfactory,
considerable savings in mount weight and size could be provided.
During the first half of 1955, the contractor delivered to
Wright Field a breadboard model of a pendulun having a period

of one mimute. Testing was under way at the end of Juao.1'37

' After World Wor II, recognition of the need for more

.accux?ato'—and more complicatede-gircrafi camera controls led

to the mnauén of scattered and uncoordinated efforts
hitherto characteristic of the camera control field. This
'Yed to the development of the “universal camera comtrol system,”
a series of about 45 "pa.ckago's". which computed exposure data

of a1l t;pos and fed correct settings intec serial cameras.
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The aysf.u, as first devcloped, was qniu'h:l\v-and heavy, :
tut was nevertheless considerably smaller and lighter than . '
.1twon1dhavobeouuithauttbenm:yhz¢nnmotthecm- _ -
Irprovemsats 1n various parts of the system followed. '
' To reduce over-all size, a "miniaturized” comtrol sys{wn‘uu
en —ime. . —-designed and by early 1955 had been assentled. Nethods of
parther reducing the bulk of the syaten vers under study during
the first half of 1956.138 Specific components of the umiversal
canera contol system included antervaloosters, autcmatic
focusing devices, power supplies, comtrol panels, and ground
specd and altitude measuring davi.eos.ng
Aproblmtuthaddw:mwcﬂtandtﬂm consuming
for aerial photographers, processers, and photo Wtars
:-.i:\.ko was that of recording data on. pogatives. Originally,
each negative om a film strip was automatically mboﬁdin
‘flight by 2 device in the camera, and then furthor information
.wa# taken from the pilot's or obssrver's £1ight log and hand

lettsred ‘on the negative by ground processers. later, visual

presentations of altitude, time, exposure numbsr, and other

data wore autcmatically _regisurcd along one edge of each

negative. Space for these visual presentations was 1ixited, R Y
howover, and &s fartho: data were required, such as htitudé, . 3%
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" ‘longitude, aireraft heading, ground speed, and sortie mumber,
. the visual method gave vay to varicus systems of coded dots
‘which could cram large amounts 'of information into a very
small space. ) | '

The most elaborate and versatile coded data recording
‘system in development was one delivered to Wright Field in
" Docember 1955 by the Faderal Talecommmications Laboratories.
The system impressed a series of small dots on each negative
as it vas exposed in flight. These dots, when translated
by suitable olactronic equipment could g.l'vo the negative number,
canera position: focal length, squadron z\nmbor, sortie number,
date, time zome, and tuo to the nearest tenth of a second.

Furthermore, data taken from the aircraft's navigation equip-

. mont could be included in the coded presentation—-latitude
north and scuth, longitude east and west to the nearest tenth
of a minute, pitch, roll, and drift angles, true course, and
£round speed. From the aircraft's radar altimeter, accurate
measuremsnt of altitude above the terrain also was recorded.

The coded dots were impressed on the negative through
the medium of a one-inch cathode ray tube that operated auto-
ratically. The system which wﬁighod 75 pounds, was designed
to operate with 70-mi1limetsr film like that used in the Ki-5
and P-2 cameras. The coded information could, in addition

UNCLASSIFIZD
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to being recorded on the negative, be recorded on magnetic
tape where it could be translated by tolmu-y circuits.

The ground-tased portion of the equipment consisted of
"‘a £ilm reader and automatic titlsr. This machine could tran-
l_at§ the co&od information on each negative and type it out
in letters and numbers on the negative in godd leaf ink.
The translated ﬁt?rmuon could also be used to punch tapes
and cards for use in digital conputers and other digital data
reduction equipment. As if this were nct enough, the reader
was capable of produci:ng on a ca'thode ray tube a readabls
display of the coded information so film could be scanned
before being titled. A video output of the picture being
scanned, compatible with television networks in the United
Sta.tos, wvas furnished for good u‘asuro.no

RP. 2

Because the photographic. requirements of the 1960-1970
.paﬂt;d were so advanced, the Aerial Reconnaissance Laboratory
during 1956 undertook several studies covering every phase
of the acr:'.al reccnnaissance process. Msans of increasing
acuity and reducing size of camera systems were being exhaustively
investigated, as were operational procedures for increasing
ths information content of photographic missions. Fine grain
fﬂm and ‘.hin base filxas were to receive their share of research

UNCLASSIFIED
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 emphasis, .and lenses and photographic "windows® were the subject
~ of much intensive research and development work. To increase

relia®4)ity and ease of maintemance of photographic squipaent,
ntest equipment techniques” werc also to be studied.

One entire project, which had been in existence since
19‘49,wud¢votodmm"blmalq" research in the photo-
‘graphic reconnaissance field. ‘I'ho work commected with the
project was conducted almost entirely by the FPhysical Research
laboratary of Boston University, although some effort was sub-
contracted to other research institutions. In gensral, the
studies to be conducted during the 1956-1960 period were con-
cerncd with long rﬁ_nge oblique photography, problems of photo-
sraphic reconnaissance at altitudes of 200,000 feet and more,

_lo'd altitude mvigation and reconm.isanec, conbat photography,

data tr-..n.m.saion, aight reconnaisscnce without artificial
i1luwninants, radarscope recording, factors influencing the
quality of aerial photographs, and cozpilaticn of all current
knmxl;dge m the field.

The project was founded ocn the assumption that any aerial

. ,photozraph::c reconnaissance systeam was made up of four elements: .

airborne collection, physical processinz or reduction, analysis
and interpretation, and data presentation and dissemination.
Woen the military problem (collecting usables data about the
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eueny under conditions usually far less than Adeal) was added
' to the Systauanﬂ.vsis, requirements for usearchanddavelop-
ment smnediately stood out. As these requirensnts emerged,
the Boston laboratory set up tasks to meet them.

Among the study tasks being conducted under this project
were: thecretical investigations of low altitude recomnaissance
systens; studies of air turbulence and haze and their effects
on photographic image quaiit.n exp&:\,mnts on the effects -
of thermal shock on photographic windows; determination of
criteria for detecting detail on aerial photographic prints;
and the establishment of suitable examinations to separate

' likely from unlikely candidatss for the job of photo inter-

143
prater.

Other tasks that included soms compopent deveicpmmat work
were: a search for so unconventional a thing as a "photosensi-
tive micro-organism™ to be used on fm instead of standard
emulsions such as s;lvor. halide; fabrication of laboratory
"clectro-optical® and thermal reconnaissance devices; experiments
with mackine tools to obtain better surfaces on opunleon-
ponents; work with "non-mechanical"™:shutters and focusing °
devices; and the building of long focal length mirror optical

. Systems for aerial r‘ccnnnnam:'ee.l“




.0 AL
GANTDENTIAL
As of 30 June 1956, the Aerial Reconnaissance Laboratory

' had recriented its efforts in the photographic field toward
mseting the requirements laid down in the October 1955 techmiical
documents from Balitmore. With several "breakthroughs® already
to its credit, the laboratory was confident that the require-

VII-92

.ments would be met.




“l .!f ’ [ ]

"UNCLASSIFIED
VII-93

Notes, Chapter VII

Y. Presm., Lt. Cal. H. W. Pots, Trends in Photo Intenifence,
Oct. 1949, in Public Information Brangh.:(hereafier ted as P.I. Br.
Office of Information Be:g_igese.@;gufter cited as 0.I.S.), files.
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p. 2.

ARDC Form 111, Proj. 6217, Tasks 62053, and 62054, 20
Jan. 1956, in PCB, DCS/P&D, files.

ARDC Form 111, Proj. 6218, Tasks 52081, and 62533, 20
Jan. 1956, in PCB, ICS/P8O, files.

ARDC Form 111, Proj. 6218, Task 62534, 12 Mar. 1956,
see Doc. VII-43,
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. Notes, VII-102

T.0. 10=1=2, .15 Juns 1?55, Sect. V, p. 231, in Ch., ARL,
f£iles. . . o

Wm m, 6‘“. 19%. pp- 11-12.

© 1.0, 10=1<2, 15 June 1955, Sect. V, p. 210, in Ch., ARL,

files; TR 99-55, 24 Oct. 1955, see Doc. V1I-39; ARL Pro-

_gram Raference Books.

WADC WTIR, 18 May 1956, p. 19; ARDC Form 111, Proj. 6261,
Task 62“63, 13 Mar. 1956. see Doc. m—h‘..

DD Form 613, Proj. 6220, Task 62526, 14 Mar. 1956, in
PCB, DCS/P&0, files; WADC WTIR, 2 Mar. 1956, p. 11; ARDC
Form 111, Proj. 6281, Tasks 624k, 62651, and 62652, 20
Jan. 1956, all in PCB, DCS/P&0, files; ARDC TR No. 99-55,
2“ Oet. 1955’ see mc. m‘”.

WADC WTIR, 17 Feb, 1956, pp.. 17-18.

WADC WTIR, 18 May 1956, pp. 17-18; APDC Form 111, Proj.
6214, Task 62074, 12 Apr. 1956, ir ¥C3, DCS/Pe0, files.

WADC WTIR, 16 Mar. 1956, pp. 9-12.

ARDC Form m’ Pro:. 621“’ Task 62“86. 2 ‘p’o 1956. in
Recon. Camsrz Sect., Photo. Recon. Br., ARL, files; ARDC
Form 111, Proj. 6224, Task 62486, 12 Apr. 1956, in PCB,
DCS/P80, files; Activity Rpt., ARL, Proj. 6214, Task
62535, undated, in Recon. Camera Sect., Photo. Recoa.
m.o’ m. ﬁhs. ’

ARDC Forn 111, Proj. 6214, Task 62636, 12 Apr. 1956,
in PCB, DCS/P&0, files. ro

ARDC Form 111, Proj. 6214, Task 62075, 13 May 1955, see

Doc. VII-32; ARDC Form 171, Proj. 6214, Tam--62075, 3

Jan. 1956; WADC WTIR, 17 Feb. 1956, pp. 256; ARIC Forn

}g. Proj. 6214, Task 62075, 12 Apr. 1956, in PCB, DCS/P&O,
e38. .

ARDC Form 171, Proj. 6224, Task 62075, 3 Jan. 1956, in Reccn.
Canera Sect., Photo. Recon. Br., ARL, files; ARL Program

Reference Books; ARDC Form 111,, Proj. 6272, Task 62175, °
12 Mar. ]956. in m’ MIM’ ﬁlﬁl. '
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Notes, VII-103

. 126. ARDC Form 111, Proj. 6272, Task 62172, 12 Mar. 1956,
in PCB, DCS/Pe0, files; ARL Program Reforence Books.

127. " DD-Form 613, Proj. 6216, 11 Mar. 1956, in PCB, !m/mo,
m:z; DD Form 613, Proj. 6216, 12 Mar. 1956, see Doc.
VII-H2. :

128. DD Form 613, Proj. 6216, Task 62134, 11 Mar. 1956, in
PCB, DCS/F&0, files.

129, DD Form 613, Proj. 6216, Task 62015, 11 Mar. 1956, in
PCB, DCS/P&0, files. ' .

...-A ;.. cem——— . -l3°a_.m_1‘._0m 613’ P_ro:. m' T“k 620”,1]. m. 19%. 3.!!
PCB, DCS/P&0, f4les; WADC WTIR, 1 June 1956, p. 17. -

131. DD Form 613, Proj. 6215, Task 62017, 12 Mar. 1956, see
Doc. VIIJ"ZQ

132, DD Form 613, Proi. 6216, Task 62645, 11 Mar. 1956, in

- PCB, DCS/PE0, files; DD Form 613, Proj. 6216, Task 62178,
O 12 lar. 1956, oee Doc. VII-h2.

133. DD Form 613, Proj. 6216, Task 62010, 12 Mar. 1956, seo
Doc. VII-N2.

134. DD Fora 613, Proj. 6216, Task 62014, 12 Mar. 1956, see
Doc. VII-h2.

7735, DD Fora 613, Proj. 6216, Task 6201€, 12 Mar. 1956, see
Doc. VII-42,

136. DD Form 613, Proj. 6216, Task 62041, 11 Mar. 1955, in
¥CB, DCS/P&0, files.

137. ID Forz 613, Proj. 6216, Task 62368, 11 Mar. 1956, in
. PCB, DCS/P&0, files. :

138. DD Form 613, Proj. 6217, Tasks 62050, and 62414, 12 Apr.
1955, in PCB, DCS/P20, files.

20 Jan. 1956, in PCB, DCS/F&0, files; WADC WTIR, 9 Mar.

155. ARDC Form 111, Proj. 6217, Tasks 62051, 62068, and 62453,
Q 1956, pp. 10-11; WADC WTIR, 1 June 1956, p. 16.

.

UNCLASSIFIED




a40.

.

. k2,

143,

p L

UNCLASSIFIED

'ARDC Form 111, Proj. 6284, Task 62371, 14 Mar. 1956,
in PCB, 'mS/P&O, files. - :

_ARDC Forn 111, Proj. 6224, Task 62638, 12 Apr. 1956,

in PCB, DCS/P&O, files; DD Form 613, Proj. 6220, 14 Mar.
31535, in PCB, DCS/P&0, files; DD Form 613, Proj. 6220,
Tasks 62632, and 62525, 14 ¥ar. 1956, in PCB, DCS/P&O,
files; ARDC Form 111, Proj. 6273, 15 Mar. 1956, see Doc.
VII-45; ARDC Ferm 111, Proj. 6273, Task 62180, 15 Mar.
1956, see Dos VII-i5; ARDC Form 111, Proj. 6295, 11 May
1956, in PCB, DCS/P&0, files. o

D Form 613, Proj. 6291, 2 June 1954, in PCB, DCS/Pa0,
files; ARDC Form 111, Proj. €251, 2 Har. 1955, 1o Bist.

ARDC Form 111, Proj. 6291, Tasks 62467, 62468, 62469,
62"70’ 62“78’ 10 Oct. 1955, 360 _mco m-35.

ARDC Form 111, Proj. 6291, Tasks 62471, 62472, 62473,
62“7"’ m 62“76’ 10 MO 1955’ see mc. m-35.
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Acuuuesmthelsnnn-ommbeuvueam:omrmh
wvell-defined timi periods: |

a. P:;-Sputn.tk

b. Early post-Sputnik

€. ARPA Management

The transition phases between each of these periods were marked
by rapid mmmmuwwmwuncumnm
the program. The two most significant elements vhich chncteriud
the program following the pre-Sputnik period are (1) program changes,
and (2) progress-and success-in solving the technical probleas as-
cocutéd vith satellite recomnaissance needs.

II. Pre-Sputnik Period.

| The concept of using an earthecircling satellite as a reconnaissance
vehicle wvas taken under investigation by the newly created RAND corpo-
ration 1n 1946, Their studies contimed through 1953 As early as
April 1951, RAND concluded that such & project vas feasihle and vithin
our capability. In the RAND Project Feedback (1954) sumary report,2
1t vas concluded that s recomnaissance satellite employing & television
-emf could begin flight tests within four (i) years and completely
operational system tests could be performed in the sixth (6th) year
following program initisticn. This assumed the availability of @

booster.

DCVINGRADED AT 12 YEAR
INTEQVALE 1GOS AUTOMATICAL




In the period 1948-1954, aside from the RAND investigation,
mmmmmewmuhmmqmww
objective program. However, the Air Force did let feasibility
studies for critical satellite subsystem to RCA, NAA, Pendix
and others. ' .

During late 1954 to early 1955, the Air Porce established
system requirements for a satellite reeohniunnu weapon system
uiththepumutionottheﬁmmm Under Lt Colonel
Villiam G. King, Jr., a smmll WSFO vas established at WADC. Design
propolllsverelet,#ndauriu of tasks, doup-dtoexploie
mﬂﬂm,mwﬂm The Air Force also issued a GOR
rorm¢m3-1tapmmtmmnmmmmces
of the Departament of Defense were directed toward Project Vanguard®
vith the viev of supporting the I. G. Y. and achieving the resulting
prestige and psychological benefits, rather than a military system.

;nnceordnee vith mmcummzt-ommm,
mtdmmmmtmmmmtﬁ,

Hq ARDC, to vhat is now AFBMD on 15 February 1956, This transfer
&ppears to bave been effected to prevent interference with the

ballistic uuu:l.ie mmn since the satellite required an Atlas

booster.

‘Under control of the ballistic missile development agency,
this interference could be minimized. Moreover, some benefits
ughtumeiritvmm&bymmdmmtoueelmm
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During the period from Jamuary 1956 to October 1957, the new
Alr Force management agency, AFEMD, established a development plan
and program for an Advanced Reconmaissance System (ARS), WS 117L.
The Division established an office under Colonel Otto Glasser and
Commander Robert Truax. WS 1171 was assigned a priority of l-A and
apmmneeon-smmnormss? In the spring of 1956, upon
evaluation of system daaign studies performed during 1955 by RCA,
Glenn § lartin and Lockheed Aircraft, a joint Air Force Board
found Lockheed Aircraft best qualified, and recommended they be
svarded & develomment contract for WS 1171. A contract was swarded
them as prime system contractor in October 1956. Despite the high
Fricrity given the program, funding vas not provided for implements-
tion. Initially, $3.0M were provided against a $32.1M requirement
for FY 1957. mmm.mtmmmmmu
to $13,9 M during the year. However, the funds provided were for
monhtwﬂaﬁbmk(&@),ﬂieh-deitmm
possible to conduct a balanced program. Repeated ARDC (AFEMD)
efforts wvere made to relieve this situation vith no appreciable
effect.

As the result of repeated requests for relief, guidance was
received from DCS/D, USAF, Lt General D. L. Putt. In a letter’
to ARDC in March 1957, bhe stated, “Your staff is familiar with the
Secretary's (Secretary Donald A. Quarles) views in this regard and
that resultant definite slowv down is in order.” This letter also




specified that no orbital testing would take place prior to
Jamary 1960 and that the development of WS 117L "should be con-
ducted along conventional lines." '

The remainder of that period from March 1957 to October 1957,
the WS LL/L program proceeded slowly within the limitations imposed
by available funds. Some technical progress vas made, but of equal
importance, a capable contractor team had been assembled and a
broad base established which permitted the Tapid expansion which
wvas to follow.

In summary, the period Jamuary 1956 to October 1957, wvas
characterized by program study at high levels and "tusiness as

II1. Early Post-Sputnik
The effects of Sputnik I vere profound. Ismmediately steps

were taken by Hq USAF to accelerate the missile and satellite
(Vs 117L) programs. ‘ t

By late January 1958, overtime restriction on WS 117L con-
mmmmm,mmec/smm-wam
acceleration plan. In early February 19_58 the President assigned
ﬁewsnnmmmummmtyemwﬂmammnme
uuuem The accelerated plan included a Thor-boosted
progran vith a recoverable payload, increased WS 117I vehicle
mcuonmAun-mm@uuumngmummsg.




m.ummmmw"mmm"w&mm
of Defense Neil McElroy in late February 1958 with instructions that
the program be conducted under ARPA direction and that AFBMD submit
a nev development plan, While the WS 117L program was not officially
transferred to ARPA cognizance until 19 May 1958, the influence of
themm;dmctwmmmmcremmwse

" In sumary the pericd, Octoberl957thrw@x!ebrury1958m
one_otrapidchnnaa,andexpmioncnhimﬂnguthemtof
mwsnnprombemuugpeawmm
- IVe ARPA. March X tol’remt

Within a few days, (asnbsa)amwsnnum‘m
under the ARPA, Mr. Roy Johnson, in a memorandum to the Secretary
of the Air Force, initiated the first of many progrsm changes vhich
‘uentoocmmtheuxtyu.r These ARPA instructions to the Air
roree provided for prograa acceleration and highest sational priority,
deletion of the Air Force proposed early interim recoversble capsule
reconnaissance up’bmﬁ for the Thor-boosted prpsnh, and recommended
that the Thor-boosted program be used as & cheaper and more available
booster for engineering testing. Further, the WS 117I~-Thor combins-
tion could be used for experimental recovery flights vith animals.
(It 1s to be noted that a recoverable reconnaissance payload capabili-
ty for Atlas was placed in the program by ARPA spproximately a year

later. )




In April 1958, the biosatellite recovery program was added to
the WS 117L program.

hleSB,themommm&mmM\mqer
ARPA by DOD Directive 3200,5.

O 30 June 1958, the ARPA published ARPA Order No. 9-58 and
instructed AFEMD to submit new develomment and financial plans.

On 1 July 1958, AFBMD published & new Advanced Reconnaissance
System (WS 1171) Development Flan (the second plan of CY 1958),
This plan included FY 1958+$60.M; FY 1959-$215.M; later revised
to FY 1958-$67.M; FY 1959-$196.M. The plan contained both a Thor
lnd-Athsboolhdp'om

~ In mid-July 1956, Mr. Roy Johnson, Director, ARPA, informed
the Secretary of the Air Force that $215.M vould be programmed
for WS 117L in FY 1959. This total would include the biomedical
recovery program. In early August, the Thor-boosted program was
increased by ARPA from ten flights to nineteen flights. These
additicnal flights were to have biomedical snd space phencmenon
nenurmntauobaectiveu,mdthetom‘mm still to be
kept vithin the FY 1959, $215M ceiling. New develomment plans were
again requested by ARFA.

On 15 September 1958, AFEMD published Mnnéod Reconnaissance
System (VS 117L) Development Plan (third plan of CY 1958) which
called for FY 1959, $231M; FY 1960, $296M. |

On 17 September 1958, AFBMD recommended an acceleration of the
infrared program and published the Attack Alarm Development Flan. -

bt b @ Ivil-‘l
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(This later became MIDAS). This action was taken in view of the
 importance of the early develomment of an improved missile varning
system. mwcmmm-mmmimm
many high officials throughout the Air Force,

In late September 1958, Mr. Johnson informed AFEMD that he vas
muewammmtmmmm,nﬂwof
" the fect that it exceeded established fund ceilings in FY 1959 and
that the proposed FY 1960 budget was excessive. Mr. Johnson dise
patched an ARPA Ad Boc project group to AFEMD to investigate,
'evaluateandremndmmAmmm

In October 1958, the ARPA directed AFEWD to cancel the APMIC
phase of the SENTRY program but to retain the associated Atlas
-boosterionorderrormumm.

Inm]yDecuherlQSB,uthewofthemmmc
Project Group, Mr. Roy Johnson initiated a series of reprogramuing
actions which culminated in & complete recrientation of the WS 117L
progran. During the period, December 1958 through Jamary 1959, &
complete prosrnn reevaluation m accomplighed; three yepnnte
programs ‘were identified and three nev development plans were pre-
pared, one for each of the nev programs; SENTRY, DISCOVERER and
MIDAS, (the ith set of development plans in a calendar year). .

In mid-February 1959, ARPA "in general” spproved the DISCOVERER
and SENTRY Develomment Plans. Memthermtiuchipﬁmdp:m
that the WS 117L system had. In early March 1959, the first phase
of a three-phase MIDAS program received approval.

Cu; 2
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CHRONOLOGY

In sumsary, the year under ARPA management has been character-
ized by indecision, instability, and rapid clianges in program objec~
- tives and funding. For example, between April and September 1958,
the WB 117L funding level was changed seven times.

Depeuungnpohthedermtionchonen,themmmnrm
eightujorpromeh-naelundérmb The newly formed ARPA began

theinodhtenmntotaverylnmndmhxprogﬁnvhﬂe
both undermanned and uncertain as to their position in the govern-'

ment. The evidence indicates that the technique of "having & bag

full of answers to which one applies problems” has been used, i.e.,

fund ceilings uwvhichthemmtbcndetont.

In the same time per:lod, remariable progress has been accomplished
in that from the time of px'oyln initiation in April 1956 (mbnestion

of first development plan) until the first successful DISCOVERER

hunch,ZBhbnnrylm,theluputnemuenthreem. The
majority of this work bas been accomplished within the last one and

one-half years. 4
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FOOTNOTES

SEE———

R=2A7,
Utill orammav.mnemwsm,
By o e L, 8.

Project Feedback Summary Report, R-262, Vol 2, RAND Corporationm,
March 1954, P 56, -

ARDC System Requirement No. 5, GOR 80 (8A~2¢).
NSC action 5520.
USAF (DCS/D) Development Directive No. 85

DCS/D, USAF to Comdr, ARDC, Subject: mﬁw‘g
Fonding Bequirenests for US LTL, 44 Mereh 1957,
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19k6-47

| 12 Jan L8
1951
Feb Sk

27 Nov 5k

16 war 55
Yar 55

My 55

Oct 55

13 Jan 56

27 SEP 1959

¥ 1

DISCOVERER, SENTRY AND mmmm

RAND Corporation investigated the feasibility of a satellite
uareeonnn-meenmm. These studies contimmed through

1953.

General Hoyt S. Vandemberg, in & policy statement on a
satellite vehicle, noted that R and D on & satallite vehicle
should be pursued as rapidly as state of the art permitted.

Air Force let feasibility studies for critical satellite
subsystems to RCA, NAA, Bendix, Flader, Chalmers and Vitro
Companies.

Final RAND report on Advanced Reconnaissance System. System
feasibility vas established. Development was recommended.

ARDC published System Requirement No, 5 on Advanced Recon-
naissance System.

Alr Force issued GOR BO(8A~2¢c) tor a strategic roeomuunee
satellite weapon system.

Design study proposals solicited from IAC, RCA, Martin, Bell

- Telephone. Bell Telephone declined to proposs.

NSC action 5520 directed the Department of Defense to develop
capabdbility of launching small scientific satellite by 1958.
Effort not to prejudice or interfere with other satellites
for research or intelligence. Emphagized peaceful purposes.
Would be a technical step to demonstrated sstellite achieve-
nent vith prestige and psychological benefits, Cost estimated
as §15-20M. (Vanguard the result). :

General Fower directed that Advanced Reconnaissance m
dmlopentmbemmwm

u‘nd\-orwmoatnnderotmntm
naissance System from ARDC Detachmant No. 1 to WDD.
Genersals Schriever and Estes agreed WID office would be
established about 15 February 1956, take over Advanced
Reconnaissance System program.

¥ Prepared by the Alr Force Ballistic Misslle Division HMstorian,

OMATICALLY
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INTER -5, NOT AUT
DZCLASSEIED. DOD DIR 5200.10

’ l"'-b.c‘- s e b i




2k Jan 56

12-20

Mar 56 .

2 A 56

22 My 56

28 Aug 56

23 Oct 56

21 Nov 56

29 Nov 56

WDM‘EW“
response to a request from Hg on & possible
need t0 demonstrate an orbital oapadility within the IOY,

‘total cost wvas estimated at $95.35M.

A Joint ARDC-WDD-WADC-ANC contractor evaluation board met

~at Wright~Fatterson AFB to evaluate the 117L design studies

prepared by RCA, Glenn L. Martin, and lockheed Aircraft.
Board found lockheed as best gualified and recommended sward
of contract to lockheed for develomment of WS L17L.

WDD published WS 1171 Advanced Reconnaissance .
t Flan. R and D contract funds for system esti-
mated at: FY 1956, $7.0M; FY 1957, $32.1M; FY 1958, $75.6.

WDD authorized to announce Lockheed selection, expend remain-
ing Project 1115 funds on 117L. = No other funds available at

mmntmmm'nn-mmwnqm.'

USAF (DCS/D) issued Development Directive Mo. 85 on WS 1171,
Advanced Reconnaissance System. WS 117L given ]A priority,
1-6 precedence rating. But "becsuse of fund limitations,
only$3Mole957P-600m1ut\mdammuetom
Command to initiate this development .

WID pointed out the effect of FY 1957 WS 1171 fund limita~
tions on WS 117L development, and requested $21.9M additional
FY 1957 funds for the program,

USAF again cited limitations on WS 117L P-600 funds. Ouidance
given WDD included: 1) prolong develomment, 2) maintain
minizum balanced rate of development progress on vehicls and
components instsad of on Development Flan target completion
dates. Mmudthtmut-puuuw
$7.M more P-600 FY 1957 funds.

m-mmemmmmmmuwsun
to Missile Systems Division, udnmd Aircrart (Contract
AF OL(647)-97).

mmmtmnmmnnmwwnu
$17.8M in P-100 and 200 to DCS/D.

Secretary of the Air Force Donmald Quarles was briefed on
WS 117L status and yrogram.




10 Dec 56

30 Jan 57

9 Fed 57

11 Fed 57

Ansvering & Department of Defense request, WDD furnished
DCS/D with material on possible use of WS 117L as IGY satel-
1ite. Indicated it could be done at cost of $66M by late
1958 or early 1959 if ATIAS develomment vas satisfactory.
WDD not enthusiastic about apmoach because of possidble
interference, short development time, oxrder of confidence.

'mvmdmmtwma.summmw
30 June 1957, and that they should not overccmmit.

ARDC received guidance letter from DCS/D, USAF on planning
and funding requirements for WS 117L. Indicated that P-100
and 200 FY 1957 funds were over-programmed, Mention was
made of Secretary Quarles' views regarding a definite slow-
down, and emphasis on comxponent development to insure ‘
greater success. No orbital testing was to be undertaken
in develomment prior to Jammry 1960. Development of WS 117L
should be conducted along conventional lines. Establish a
Weapons System Program Office at WDD. $£10M P-600 funds were
available, For FY 1950, estimates wvere that a total of $35M
would be available for WS 1171." :

WD published éﬂpﬂ'm, Advanced Recon-
naissance ‘WS 117L for various degrees of operational
uses, m-%' needs estimated through 1965
totalled $223.7M.

IMSD informed AFBMD* they needed $7.9M to fund the WS 1171
progran between 15 August and 30 November 1957.

* TName of Western Development Division (WDD) was changsd to Air Force
Ballistic Missile Division (AFEMD) 1 June 1957.

¢ 3 WDGEB-2
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20 Jul 57
13 aug 57

2 Aug 57

3 Sep 57

16 Sep 57

19 Sep 57

' CHRONOLOGY
WS 117L assigned unclassified nickname New Horizon.

IMSD informed by AFBMD that WS 117L FY 1958 funds total-
ling $3.9M were svailable to carry the program through.

30 October 1957. Adjust program accordingly.

AFBMD informed IMSD that WS 117L FY 1958 P=600 funds

could not exceed $9.6M, with no more than 50% expended
in the first six months.

AFBMD informed bty DCS/D that only $10M P-600 FY 1958

WS 117L funds were available, and as yet no P=100 or 200

funds, though efforts were being made. Limit activity to
$10M funds. Authority to mockup vehicles granted.

Air Council reviewed, approved WS 1171 progran as presented,
approved go-ahead as fast as possible consistent with good
management, ' )

AFBMD submitted WS 117L FY 1958 and 1959 austere funding
requirements to DCS/D. Stated that $48M in FY 1958 would
allov initistion of the flight test program by mid-CY 1958.

Following Sputnik, in answer to Hq USAF request as to efforts
and resources required to accelerate the ICEM and IREM, an
estimate wvas made for WS 117L. AFBEMD pointed out that a
large amount of funds would be needed to regain lost time
due to fund strictures and lack of firm program approval.
With $99.2M FY 1956 and $121.7M FY 959 funds program could
ven

::l-‘

be sdvanced six months to one year priority were gi
effort,

AFBMD requested interim FY 1958 pro t suthority of
ltlmtﬂﬂi?—lﬂ)tulﬁ.ﬂ?-@ﬁnﬂsbyﬁmtnrto

yrevent a work stoppage.

SemtlryorthenrroreeJmlM@nawthewsnnv

Jrogram as presented to the Air Council as a planning objec-
tive, subject to Mr. Quarles’' reviev. _

$35.1M (FY 1958) R-100 funds suthorized WS 117L by DCS/D.
Iater (19 October) AFBMD told to limit obligations on this
procurement authorization to $15.5M through January 1958.

~ This wvas rescinded in November. No P-200 funds to date.

DS/D Donald Quarles vas again briefed on WS 117L, without
resolution of need for acceleration. )

v




20 Dec 57

6 Jan 58

2J.Jun58

‘22 Jan 58

29 Jan 58

Fedb 58

3 Feb 58

RAID Research Memorandum 2012, A of Recoverable . .
Reconnaissance Satellites .

E'Iel, A. B, Etzﬁoﬂnu, 1t proposed using THOR

plus Aerojet (second stage of Vanguard) as boosters.

AFBMD requested that ICBM/IRBM overtime policies be

extended to WS 117L, replacing the existing 2§ of yro-
gramed manhowrs overtime limitation,

Subsystem "G", WS 117L, (ICBM Attack Alarm) preliminary
design completed. Fabrication of experimental yayload
units begun.

IMSD sutmitted a program acceleration plan for WS 117L
(1MSD-2632) as requested by AFBMD in November 1957. Ac-
celerated progran was based on Thor-boosted early flight
vith a recoversble capsule as proposed by RAND. Flights

to begin in late 1958. Increase mamufacture of IMSD vehicles.
Atlas-boosted flights to begin in early 1959. OGeneral
Schriever approved plan in principle, subject to reviews

of special areas.

AFEMD notified that Assistant Secretary of Air Force
(Materiel) had approved use of overtime on WS 117L "as
may be necessary to meet the approved cbjective”,

Program acceleration plan sulmitted. Flan included a photo-
graphic reconmaissance configuration of a Thor-boosted
recoverable reconoaissance package,

muorsmm.w.emuonotwsnnm
Hl%MWhWMMW.

Contract AF O4(647)=181 given IMSD for Thoreboosted fut
vehicles. This became the DISCOVERER program.

Hq USAF considered expanding Project Able to include WS 117L
test vehicles. AFBMD recommended against this becauss

1) Able configuration not yet proven; 2) would disrupt Able
schedules.. After several successful lsunches, their use as
wnnmmm-mumumwu
Jroceed vere given immediately.

Fresident Dwight D. Eisenhover directed that hi, and
equal national priority be given to ballistic mis 2

‘satellites and defense programs. (ICEM, IREM, WS 1171, WS 22hA)




2k Feb 58

26 Feb 58

k Mar 58

4L Mar 58

12 Mar 58

Secretary of Defense Neil McElroy approved in principle
the proposed accelerstion of WS 117L to be conducted under
direction of ARPA. AFBMD to suimit a develomment plan.

WS 117L Site Selection Bosrd convened at AFEMD. Board

wm?.c.iioﬁ,mmm, 8AC,
AC, Hq USAF. Board to select tracking and data acquisi-
tion sites for the system.

Mr. Roy Johnson, ARPA, in a memorandum to the Secretary of
the Air Force concluded that: .

)
&. ATIAS/WS 117L Project should be accelersted and
given highest national priority in order to attain IOC at
earliest date. '

b. Thor-boosted interim reconnaissance system with
light=veight recoverable capsule was a duplication of “a.%
Do not pursue this program. .

¢c. To attain early flights of lockheed second stage,
Air Force may find it desirable to use Thore-boosted test
firings. Thor boosters chesper and available sooner than
ATIAS, also could be used with second-stage lockheed vehicle
for experimental recovery flights with animals.

AFBMD activity in interim visual recomnaissance program
(II A) terminated in accordance with Mr. Johnson's message

of 28 February.

Chief of Staff, USAF, directed that WS 117L and other space
projects vhich depend on the use of IC/IRBM's be administered
in same manner and with same procedures as IC/IRBM programs.
(“Gillette procedures”). AFCGM to be central point of
contact, coordination. Approved development plans would
constitute Qction docunments.

0SD approved acceleration of WS 117L to include launching
satellite test vehicles based on THOR booster.

lockheed notified that Hq USAF had disapproved the WS 117L
recoversble reconnaissance payload program. (WS 1171 Program
IIA). IMSD notified to reorient THOR-booster WS 117L pro-
gram for acceleration using THOR-boosted flights for early
WS U7L tests-~orbvital flights for exercise of ground-space
communication petwork, concept for recoverable capsule, for
aero-medical research flights.

vy c

-“‘JI|L




Apr 58

Apr 58
 Apr 58
28 Apr 58

19 may 58

a-22
My 58

20 Jun

Ft Stevens, Oregon, selected as location of WS 117L W
tracking and data acgquisition statiomn.

_ L
Advanced naeonmuunce Systen renamed SENTRY. ",%

Lt General Francis H. Oriswold, V/CinC/SAC, in a letter
to Commander ARDC, pointed out that SAC enthusiastically
supported WS 117L. Recomnaissance features a tremendous
potential, especially infrared, photographic, electronic.
Also a re t for a commmications satellite, high
altitude (22,000 miles) advanced surveillance systems.

com:snee over WS 117L ul;.ped to ARPA. (DOD Directive
3200.5

Subsysten "G" (ICBM Attack Alarm) Engineering Anmalysis
completed.
First meeting, ARS Weapon System Phasing Group.

USAF informed major commands that WS 1171 carried highest
national priority, DX rating of .01l Brickbat, precedence
rating of l-l. Informed commands that field activities
would begin in early 1959.
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