At I'-IMWI.HI .

wROND

QECOmmEﬂDﬂTIOn

TO THE AIR STAFF

AN EARLIER RECONNAISSANGE
SATELLITE SYSTEM

(s)

12 NOVEMBER 1957

7kD-ﬂnD&mm

SANTA MONICA ) CALIFORNIA

A :
- COPY NO: | OF 16 60PIF



— xR D -_-_—

1700 MAIN ST. » SANTA MONICA * CALI?ORNIA

12 November 1957

Deputy Chief of Staff, Development
Hesdquarters, United States Air Force
Washington 25, D. C.

SUBJECT: AN EARLIER RECONNATSSANCE SATELLITE SYSTEM

In the light of recent events, RAND has reviewed national and military
intelligence problems, existing and proposed reconnaissance systems, and in
particular, the current USAF satellite reconnaissance program (WS 117L).

As a result of certain technical and conceptual breakthroughs, it is con-
cluded that efficient satellite reconnaissance systams of considerable
military worth can be obtained earlier and more easily than those envisioned
in the current 117L program.

The systems proposed in this recosmendation differ substantially from the
current 117L system concept. -

0 The proposed systems use a spin-stabilized payload stege.

o They use a transverse panoramic camera of essentially
conventional design, fixed to spin with the final stage,
vhich scans across the line of flight.

o Either the entire payload or the film is recovered.

The first of the proposed systems uses a 12-inch camera, carrying 500 feet
of S5-inch wide film. The extremely short exposure time--1/h000 sec--elim-
inates the need of attalning a precise altitude, exact image speed synchro-
nization, difficult performance charscteristics, and related problems. It
will provide sharp photographs of about 60-ft ground resolution. Each ex-
posure, covering some 300 miles across the line of flight, will photograph
some 18,000 sq mi. The 500-ft roll will cover socme 4,000,000 aq mi (almost
half the S.U.) and show major targets, airfields, lines of communication,
and urban and industrial areas. This satellite could weigh about 300 1b
and be placed in a polar orbit at 180F 35 miles altitude by a combination
of rockets such as Thor plus second stage Vanguard plus a third stage small
solid rocket similer to the Vanguard's third stage. A one-day operation is
envisaged, with recovery by command firing of a braking rocket on the 16th
pass, so as to impact in a predictable ocean area.
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The next, more sophisticated, system would use a 36-inch camera, carry mch
more film, do more detailed reconnaissance--with a ground resolution of
about 20 feet. This system can possibly be Thor boosted.

A third system--undoubtedly requiring Atlas-type boosting--would use a

120-inch camera and would have very large film capacity. This system will
be able to accomplish very high quality photo reconnaissance and, most im-
portant, will do it better than any Air Force system now in development or
in prospect will be able to do in the 1960's. ‘

The earliest and simplest of the several systems will collect at least as

mch information in its one-day operation as the "early” 11TL vehicle will
in its useful life.

mofwrbenefthntthafirctmtaconldbeavauabhabonta
year from start of work, the second in less than two years, and the third
in about three yesars, we recommend that the U. S. Air Force begin work
immediately to accomplish this progran.

Success of this type of system should result in refocus of the present -
components of the 11TL program to those tasks requiring the commnication
link and cyclic talk~back facility of 1l1l7L--wvarning, and daily surveillance
of selected targets, being the principal high priority tasks requiring such
an operstion. Thus this new family of satellites and the type of satellite
atpmentschadnladmdarilnmmldbemtumcomlmtarymd
not competitive.

Descriptive diegrams and more detailed discussion of the proposed system

are contained in the attached appendix. A RAND Research Memorandum,
RM-2012, is also available.

RAND is actively engaged in further and more detailed studies supporting

theupropoulsandwillhelpinmrympooublenththemlﬁllmnt
of these objectives.

Yours very truly,

F R todion

F. R. Collbohn
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Level A providas larre-cren search, measured in millions of sQare
miles. Level B is limted-ma scarch, meagsured in hundreds of tzousands
of square nmiles. Level C, spec. rf.-:-point-ob.)éct‘.ve Shotorrapny, 1s
Deaswed in -undreds of square miies. And Level D, tecinical-intelligence-
objective nhotoprap:y, pz-dvides coverage in blocks tens of squarc miles
or less in giza.

The reconnaissancs sétellitc gysten nroposed pemitis us to progress
systenatically from Level A towverd Level D 1a e serlies of s;stem improve-
ments. It will first cnahle ug to cover milllons of square alles of the
Sovint Unlon iving ua piotogrep:s of puch a scale and resolutlon that
significant intelllgence information can “e ottaired. 8uci: missions can
~be repertod Trom Time to time to raveal new developments in t:re Soviet
posturc. Recomnalssance at Level A wlll also be valuail. 'n pinviding
infommanicg A where to conduct more detatled reconnaissanza, Hiedle Sne
3:stem will ro' 2rovide us ‘v’ th wernins intelligonee, L will help us
estimase Soviel napabilities ard ldentif; cem.a’.a “inde of ma, o~ tarzets.

2. THE CAMERA

T semera Dromdsed for 4 ia gigwen s a jransven3e NANOTNT.C cameTa
eoateining o 12 ‘n. foeal-lensth, hponly cotrectod £731.° lans wrinl anrers
a falrly nercow anzle of epproxinatel;r 27 degweea. W di-nnsle saa-niag is
_ eccamniicied by She oxpadiant of movta Ste loqs moross e £io1d diing
tho eipoaure time.

For trongvsvse scanringc of ‘e -vond Txvom a gateillte, -l canema
mist rotasn arowrd t%‘n‘.‘.cng.‘md'.na‘. ax! g of Lhe <eonicln. For %2°a applice-
timm Lt i3 aropennd fo vrotata L entire varloed stage wil: Lhe camere

armiy ellacied, =hus generatlics a eweep acrosg hie line of Tllt.

5
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It !s not proposed to rotete the camers within Iis carrier.

Figures la and 1b srow the L;emtr;; of the canera, lens, aud ocal
plane -elationslips. The lons i3 mounted perpendicular to the carrier's
roll axis behind e quartz vindow in the surface of tae »ca.:'rler. The lens
imaces the crond 'on a fixed slit in front of the focal plane, tue slii
serﬁng, in effect, as a very Jast gimtter. When tne film is moved
during tho ada.n exposure, at a ratc exactly matehing the ‘nage motion
producad by passace of tie carrier over tie ground, a cortinous, sharp
ptotograpin i3 produced {a tiie focal »nlane. During ‘.’.'.e portion o ti.e
rotatilonal period Ln which tiie lons does not 'see' tie ground, thie alit s
capped and a measured length of fllm fe -olled off the supply spool in
readiness fo. tie next exposurw. At the .nne tine, the last cxposure s
wour:d up orn the iake-up spool.

Nota tlal tl.e trangverse panorsnic camora wx_ler discussion does
not. require tiw nsual kind .of atiltade stabllization nccessary for camerss
mouiaked in u:-cz-a{t.. The entire carrier rotates; this s a Lmportant
distinction Letween ihis proposal mid ot.er proposals for camera-carrying
| oatoll!tes. |

Spic {8 lumparted to the pa:}lond stace to produce i scan nacessary
for produciry; 'p?-notog.;mpho across the Line of fligat. In sddlition, spin
Llaparted Lo tie payload stage ctabilizes |: L lnert.al space. That is,
apin atabilization serves the twolold purpoﬁn of atabilizing tie attitude

of tae cancra L spece aid senniting tne Sround at t.c proper rate.
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Fig. la Canera Geometry |



Fig. 1b Camera Geometry
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The proper stabilized attitude cf the camera in space is determined
by the geography of the area to be surveyed (see Fiz. 2). The trezen-
dous area occupied by the Sovis: Union and i{ts pclitical satellites has
{ts major axis s.n longitude; thet is, the area is stretcood out in longi-
tude and cocpressed in latitude. Most of the territory ve are interested
in, from a reconnsigsance standpoint, lies between U0 Gegrees Morth and
70 degrees \ort.h This fact turns out to be very fortunaste as repgards
attitude stabilization, for 1t means that if the payloed vehicle can be
stabilized in an attitude horizontal to the surface of the earth at 55
degrees orih——i.e., midway between the two latitudes—the canera will
produce acceptavlie pictures over the entire distance from 40 degrees lorth
to 70 degrees iorth. (‘ihe satellite is considered to be on a polar
orbit, as will be discussed belov.) Fote from Fig. 2 taat, when the
payload stage is at 40 deg-ees ilorth, the vertical, with respect to the
long axis of the ':ghicle, is poiniing uvmck 15 degrees vwith respect to the
earti; at 7O degreus Jorth, it pdinto forwvard 15 daa;ces. These angles
result in very small ercors in uncaznpensaﬁd imaze specd. 'mele errars
can be completely disrezarced in zhe bootography, as discussed belov.

Ansther igportant feature of' the canera \lies in tne ecployment of a
v'ery high effective shutter speed, ur snort exposure tize. Thias allows us
to ignore fairly substantial cianges in aliitude and uncompensated image
| speed, changes in vehlcle velocity uver the surface of the earti, small
angular rates and dlnplnceients, and o‘..‘ner.such effecis vhich, in any
customary reconnaissance vehicle, would certainliy ruln photographic gquality.

It appears, at first sight, that taking photcgraphs from a satellite

moving at about 15,000 miles per Auus would be an extreordinarily difficult
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Job because of image blurring, the lack of sharpness, the lack of defi-
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nition, and hence the lack of information-gathering capacity. This first
imprescsion is not entirél;/ erronecus. It is difftcult to take pictures
from an obJlect moving at high speed—-but not impossible. It can be done
if the image motion during exposure is kept as small as possible, con-
sistent vith the requirements for definitiom.

This satellite reconnalsscnce system is mot intended to get
microscopic resolution at, say, levels of 100 lines per millimeter. The
goal, believed to be fairly easily attainable, {s a modest 4O lines per
mm of film resolution. Tois compares vith certain specialized reconnaissance
systems nov in use.

" A statistic comonly used in deaéribing aerisl reconnnissance systems
is ground reiolution. Ground resolution is simply the ground dimension
that corresponds to one line of resolution in a focsl plane, In this case
e 12-iz. focal-len3th lens und L0 lines per mm are being considered. Thus
the vidth of a ground element produced or projected bock on the ground
through the lens system is 1/i0 mn as seen from a distance of 12 in. or
500 ma. For the desizn altitude ve have in zind here, the resolution is
about €0 ft. |

The effective design shutter apeed for this camera 16_1/1&000 second.
This speed is obtained oy properly déliaxtng-the 8lit descrived eerlier,
in conjunction with the film spced and rate of scan, or vehic_le rotation.
This exposure sneed is consigtent with the choice of film emulsion—called
Plus—X Aorofecon—and the cholce of lens speed, £/3.5. At the design
altitude, about ¢ fi of forwvard motion are produced during the exposure
tize of 1/wob sec vhile the vehicle is mcving a2t 25,000 ft/sec. This is

1/10 of the basic 60-ft resclution element, and can ve tolerated, in fact

ignored, for purposes of pnota u‘airetation.
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Tiis extremely fast exposure time aakes it possible to Ilgnore forward
image motion; .t also makes _% posgiile to i nore altitude changes,
probavle angular displacemencs, veloclty variatlons, ard substantial

variations in film rate.

2. THE ORBIT

A polar orhii is preferred, with & firlng south from Patricik AFB or .
Tfrom Camp Coaie. A design altitude acszeptable to the camera is 18Q+35
mlles. Variatio:s in altit:de mﬁter t.an 7O m!lles would not oxly affect
ecale mut result in caoanges in the orditel period maxing it difflcult to
regulate camere -Jpﬂ.rdtt.o.-:s wit pre-set timing. If tie satellite went
mac™ ebove 200 miles Lthe Lraxir: rociket propellant weight would nave to be
increascd and prusd rcsolﬁ:‘.m-. would he degrsded. If lower alt’tudes vere
usad the selolliie would encounter :idesirable aerodymamic forces.

The weisi.t of the camc:a and flim installatlion is about &) pounds. A
tot#.‘. peyivad we.sat of 3060 poinds ias teea aelecf,edz .leav‘.:'.g akout 220
pounds Tor pn;ioad strmictusel omponentis, re-entiy coatin:z,brailig-rociet
propa_lents, valleries Lo ope:rate the ©ilm mecannism, veacou and tranapond.ér,
and egoocicted pear necessary o opmrate tae camsrs and reco.er tix@ pacsiage.
IL miz:t Ue zoled at tnis poiny thal, tie power requliroment Tor & e éuera
is conserverlvel cstinated at 100 wntl-iours, whica can i.e provided by a
Taw ponds .ot‘ Latbteries. Tonle L cimmorizas tle perload-gtalc welghts.

Will resscct to fotal time ! : urblf, a l-day operation is envisaged.

I ore da; the satelllte will maio about 1o revolutions eround Lie earth,
6ix cor sever ol which wo:.xid ooy over the Suviet Union. The cancra carvies
‘8 300-Toot [1m ioed, woien will sormit 200 exposures at a Film apeed of

ahout 22 t{actes ner recond. T2 parlesd rotates ai about 20 revolutioans
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Table L

Payload Sta;e Wel it Sumary {(ib)

Uroup A - Photcgrapaic Insvaiiaiion 80
Cameara B
Fiim 0
Environnent 7
Aliitude Sensor 10
Misceilaneous i3

Group B ~ dtructure ; 110
Saelil : 30 .
Fiverglas 80

Group C ~ iHecovery System 110

Impulse KRocket
Tracking 3eacon
Recovery Beacon

}]
o &4
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par minute, wiil the .:t:.e:'a slized 0 A’ o2 cxposire one2zy thilnd revolue
tion.

Each expcsure wiil produce & plcture coveriag come 13,000 square miles
on the zrowad. Each pass over the Soviet Uaion will cover ebout 3/h
million squave m:l.lcs on the ground, or nearly half the total land area of

-

the Soviet Union. IMgure 3 is a schwmatic represeantation of a l-day -
operaiion.

The boootayr cambinalion proposed for the early reccnnaissence satollite
is the Thor IRIMY and the sccond stage ol ‘{anam:ﬁ, w:t.i-. a smail solid
rotkel, rimilar 40 the third staze of Vanguard, to provide a final orbital
increment. The propulsica 13 tius provided by a liquid-liquidesnlld
comblaalion. Table 2 is a summary of wvehicle weights.

Fron a preliztnary struciwsal fuvessizasion 15 sppears timt the Tror
airframe and :is major composc.tis nced not te modified for tie salellite
m.sslons  Th.o T.or autopilos and conirol gysicm can be used for fiss
stase g.id.a.xr-.: ' ait.cugzl ttere l1s some poesivility that Lois sypian would
raqiilre som: nodillcation wo ollfses tie leevier loasd on the nocac of tae
Thor a2 <L loorcased loads during oo agcect Lra_ectory. For che
satcllile missicn, the Tuor imerilas uidance system will not be required.

T bagic sirframe of tic Taasuasd second stage aeed not te modifled for
tuls appi:cesion, wita dhe excepiion of tre aft ‘nterconncct atr acture,
wilch will hac lo be designed to nate iie 32-in. diameter Vang-..a.rd wit
the kel dlemcier Thor uose uie. Tie guldance sysiem of thie second-
stage Vinuard weild be usid .o conuction witi G.E. (107A) componeats.

T siag of Lhe talid st “as 0% vee: ap:.i:n.'.:ed. However, the

vaiiad Laisu slAge s charmcleristll, 11 concepi ac leos v, of tahe type

—







Table 2

Vehicle Weight S.mmary

. Orbitel payload

Third stage (solid)
Second scage (Vanguard 2nd)
Inivial stage (Thor)

i/l
3

300 lbs

375 1bs
4,905 1bs
110,910 1lbs
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of solid-propellent roacet meet’ng “ie roguiremeris for tie satellite urder
als~ussion. ‘ |

Tic peylond-ctarn conficuresian chogen for thls case i a double
conZoal glaps with a meximum dicmeter of 37 inches  (see Flg. 1b).
| srometriel tody wns chosen becﬁ.use of the desiracility of minimiziag
nossihle aerod;marstc 1104 fornes a® =a2 velatlvelr lov orbital :-.’..ti‘.i~ .

2L matorial is assumed 40 be $.9%0 mogresium alloy coeted wiih a layer
s ?.:berg"mé-p! astic coakinat oun o the forsesd end for tical provection.
™o hayload nteoe includes a Urating rowieb uslns stout 7O b o2 oropellants.

A Tpieal aszent srajectory ‘g siow: tn Mg k. Tals povmred-gscent
“ra'cctory s cfiected by the combiratior of tix Thox Soogner, wita £irste
gtern muidante preprogrammed for Uie aulopilot, and e sexond-siage
Yan s usicss L own sutdance inosor unntlon wish 4t G2, rodlo system.
The hu:-.;'out . Ly atinined b tln two hoosters is cobeut 2k,000 fi/sec,
wiit 2 flazi-st~:2 weliht of nhout 20 1,

Af%r » poxiod of rmoast 40 o dezii;m alsi<ude f-."bov‘-: 200 mijes, the
gecond stage, sm:iadnla: the stinesr and sepermiion me:&--.,:._‘.ﬁ:: for “he third
ctaze, mienis ard splnc the tiixd siame in prejeration for Yzc Tinal veloclity
racromost,  Toe orieatelion, sooliced by yriestation [ets Lt gsecond stage,
i3 T2 o pitch cpnlitde susl wran wo vtentele ls pacallel o thio emxth's
grirfonn ot 37 dnmees aorth (ar soii) lasttnde. Af4er crientat.on, and
Lefora 4ho 4rind atooe flres, iw UUad stage ond tie varloed are sy around
srelr roll agle Y0 tue nnZdacs .;':910':'.:" needed to 9tedilice thie chicle and
pravide tha JrcpT s ecan rate M too toneta,

™o Ttring of the tilnd stag: Iesases .o Joxm tie second siage and
‘mparts the Tleal oriiml welos i, lrsement o0 1300 £i/res regit rod to

attaln il:e proper alzitude (aiout if0 al) over =he Soviet Wiian. At thirde

swece tummoni, o small ret:‘o-w. seoarating tiwe pe load and
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leaving it, properly orieanted and spin-stavilized, free 1n space.
k. Tracking and Recovery

u/lzlgjr

Tracking will be required for essentially tares ressons: to determine
the orbit accurately enocugh for coordination of photogrephic data; to trigger
fhc braking rocket at the proper time for the descent; end to establish the
dagcent path so that the impact point can be located,

The mmber of trackers required and the spacing between them is
dictated partly by the guidance accuracy. To insure sgainst guldance
inaccuracies in launching, it is proposed that two or three trsckers be
used in an arrangement vhich places them generally with about a 200-mi
separation on a line normal to the orbit. |

A second factar that must be‘emidered in determining the number apd
spacing of trackers is the deterioration of tracking accuracy at low
angles above the horizon, It is highly important that the satellite peass
close enocugh to at least ome station so that sufficient t;uking data can
be obtained at angles of elevatiom greater than about 20 degrees, For a
nominal satellite altitude of 180 mi, this requires that the satellite
pass vithin roughly 5 degrees of the station, or wvithin a ground rangs of
about 350 mi. Again, two or three trackers at intervals of 200 mi normal
to the orbit are dictated.

Because the satellite is to be placed om a polar orbit, thesc
objectives can be met by a small mumber of trackers near one of the polas.
It seems advissble to locate the tracking statioms, say three of them, at
a high northern latitude such as in Alaska or Canada. Spacing should be
sbout 200 mi in longitude,

Tracking data would be in the form of two angles and a range to

perait orbit prediction. The use of rungs information comsidersbly reiaxes
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the requirement for angular accuracy. To obtain range, & transponder
in the satellite is required,
| Descent from orbit is achieved by the command firing of a braking
rockat in the satellite, Assume that the satellite is coming over the
pole, that it is picked up by our trackers in the porth, and that an
impsct point in the Pacific is desired. The braking rocket is then fired
forverd and upwerd, inparting a downwerd and backward velocity impulse
superimposed cn the arbital velocity. The resulting velocity vectar
points downverd, so tiat the vehicle is effectively in a ballistic tra-
Jectory comparable to the 'lov-angls', i.,e.,, lower-then-optimum, path of
a long~-range baJ.iiltic missile, }
Tracking of the vehicle immediately after the hegmnmg of descent
establishes a predicted vacuum peth, This, together with predicted atmos-
pheric effects, makes it possible to predict the approximate Mt arsa,
The vehicle is protected against re-entry heating by a coating of suitablse
vaporizing material; 80 1lbs of nberglu-umroéeed plastic, such es that
used on advanced desigmns of thc ICBM nose cone and on the Jupiter nose
cone, are suggested., Iampact survival of the casing, fila load, batteries,
and beacon is made feasible by the proper selection and arrangement of
structural components, Search aircraft are used to find and recover the
payload, This means that the ru"l.i.o beacon wmust operate after wvatsr impect,

and possibly that some type of dye marker should be released upon impect.
5, INTELLIGENCE PAYOFFS

Photographs produced by the system just described should enable us
to do a useful reconnaissance job at Lavel A, over sreas measuring millions
of square miles, The scales and resolﬁtion that will be possible are

comparable to those obtained with certain kinds of photographic mapping

-
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equipment standard on Air Force recounalssance ailrerafi today. They will

/il

make it possible to identify major railroads, highways, and canals. Urban
centers, industrial areas, airfields, naval facilities, seaport areas,

end the like can be seen. Very likely, defense missile sites of the sort
found around the Moscov area will alsoc be idemtifiable., Thus, with
repeated surveillance, it will be possible to find new major ingtallationms,
perhaps to learn something about patterns of use of Soviet Icml aystems,
and certainly to cbtain clues for the direction of other, higher-resolution
systems that can go beck and take another look.

-

5. CROWIH POTENRTIAL

Clearly, the major emphasis of this recommendation is cn the easiest
and earliest recoverable photographic satellite system. This version,
the 12-in,, £/3.5 camers using 500 £t of 5-in, film, and based on the
Thor booster, is seen as the first of a series of such cameras and systems.
This system is capsble of photography at Reconnaissance Lsvel A in ade-
quate detail. As the system is proved out, as confidence is gained in
satellite operations, and as envircumental comstraints and intelligence
problems become betiter understood, more advanced systems can be canstructed,
The first system would be followed by a 36-in. focal-length system, using
1506 £t of 9=in, £ilm, At this time it appears that this system can also
be put on orbit using a Thor-type booster, with a maximm payload weight
of ebout 300 1b,

This second system should provide reconnaissance at Imfal B, giving
adequate detail over areas ¢! hundreds of thousands cf s‘éuare miles. Eventu-
ally this system could evolve intoc one using a 10-ft focal-length lens

and about 2500 ft of 13-in, film, based no longer an the Thor but on the
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Atlas booster, and doing a recomnaissance job at level ¢, or over
specific point obJectives.. The time phasing of thav saveral projects
should be about as follows: availability of the 12-in, system cme year
from date of contract; avallsbility of the 36~in, system in 18 months;
and availability of the 10-ft system 36 months after the start of the
progran (Pig. 5).

mo conclude, it 18 believed that the type of systam proposed here
vill wvork, cen be available quickly, and will £ill a vitel military
reconnaissance need both in the near and in the distant future,
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HEADQUARTERS UNITED STATES AIR FORCK

WASHINGTON 28,D.C. u"'"‘ll!!‘lﬂl
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25 November 1957

MEMORANDUM FOR MAJOR GENERAL SWOFFORD, AFDRD

SUBJECT: RAND Recoamendation "An Earlier Reconnaissance
Satellite System (S)

General Putt has reviewed the attached report and
commented as follows:

*“General Swotford:

"This is one we should start immediately.
Request DRD make recommendations to me as to how
we might proceed. 1'd like DRD ideas before any
contact is made with ARDC. Please see me re this.

DLP"

Incl %ﬂ% ERHAND L
Rand Rpt on

Lt Colonel, USAF
above subj. Asgistant Executive
: _ DCS/Development

K]
-




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24

