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MEMORANDUM FOR: The Director of Central Intelligence

SUBJECT : Panel for Future Satellite Reconnaxssance
Operations

1. The Panel which you appointed to consider questions related
to the future satelliic reconnaissance program has concluded its study,
and I am transmitting herewith our Report. May I say at the outset that
the group of Panel members and consultants over which you asked me
to preside was an extremely well-informed, thoughtful, and conscien-
tious. group. I want to express my personal gratitude to the Panel
members and consultants, and also my appreciation for the excellent
staff support with which we were provided.

2. I know that you appreciate that time was a severely limiting.
factor. Because our study had to be compressed into so short a perioa,"
we had to limit the number of questions we ¢could come to grips with. v
Within these limitations, however, I think the Panel has examined care-
fully and objectively the major questions you set before us.

3. The Panel had two full day meetings on 4 and 5 June which
were preceded by special briefings of some of th: n:embers. Our Report
has gone through several stages of drafting in the = urse of which the Panel
men hers were consulted, individually or in smail groups. Except for
very minor editorial changes our Report, as submicted herewith, has
>een reviewed by all Panel members, who concur sxibstantially in its
findings except where sPeg.lflcally noted to the contrary in the Report ,
itself. '

4. In behalf of the Panel members and consultants, I wish to
exp~ess our appreciation of the priviicge and responsibility you have
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assigned to us in calling on us to serve in this way. It is our sincere

hope that our counsel, in some way, will benefit the work of the
Intelligence Community. C

SIGNED

. EDWARD M. PURCELL
Chairman
Reconnaissance Panel

Dr. Purcell
Dept of Physics
Harvard

Cambridge, Mass.
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1. INTRODUCZTION

In response to a request from the Director of Central Intelligence,
the Panel was assembled to examine some broad problems in satellite .
reconnaissance. The Panel addressed itself to the following questions:

~ a. What is the capability of existing and programmed
systems to provide photographic coverage of the quantity and
quality required to meet future intelligence requirements?
t
b. What are the technical possibilities for the future
development of satellite photography, and how should these
affect systems planning and research?

c. What should be the technical goals in the next phase
of development? : ’

d.” What is the vulucrability of our systems to counter-
measures; how serious .s the threat, and what steps should be

planned to meet it?

‘In addition to these central questions, the Panel corisidered a

number of proposals and 1d as for special systems. Finally, although
prop I Yy Yy g

the Panel did not undertake a siudy of the A-12 airborne system as such,
its importance in the whole picture wzs very much in our minds. The
capabilities and the complementary rcics of airborne and satellite
systems werc compared at relevant points. '

To state our problem even more briefly, we tried to look into the
future .» sce how far satellite reconnaissance may reasonably be expected
to deveiop in the service of our intelligence needs, and what work needs
to be done to insure that'it develops as rapidly as possible in the right
directions. It is obvious that so short a study had to leave many impor-
tant problems untouched. o

\ ~
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/. CENTRAL CEBSERVATIONS ON CCVERAGE AND RESCLUTICN

The remarkably successiul development of photographic recon-
naissance from satellites, represented by our currently operating systems,
has brought the technology to a poi'r*t”\';vhcre future progress can be made

“in two rather different directions. Naturally, high resolution and full
coverage are both desirable. In any single program, however, somec
choice will have to be made. The excellence o£ resolution now {oresceable,

if we strive for resolution alone, is so high that full search coverage at
that same resolution would produce a volume of information substantially
cxceceding the capacity of our present resources for interpretation and
piloitation. This argument is hardly a decisive one. Ways could be
found to cope with such an embarassment of riches. What is more
irmportant is that the development of systems required to provide full
search coverage is not the speecdiest way to attain the resolution capa-
bility which the state of the-art permits. In other words, the natural
incompatibility of wide coverage and hizh resolution, within a given pay-.
load, is becoming more acute, rather ihan less, as the art advances.

The attempt to obtain both simulianeously is likely to prevent the

achievement of either one. -

On the other hanc., the ground resolution achieved under the
best conditions by the M systern now operating appears to be adequate
to mcet a large fraction of those intelligence requirements which depend
on general coveraﬂc. We believe, therefore,. that an attempt to ‘make a
completely new system which would provide equally wide coverage with
oniy a modest improvement in resolution (5 foot, say, instead of 10 {oot
ground resolution) would not be a wisce investment of resources. Instead,
as we proceed beyond the current system, we ought to aim primarily at
hiwn resolution accepting the coverage limitation that will be entailed, at
lcast at the beginning. Coverage capability can evolve after the resolution
has been obtained. We believe that very substantial improvements in
aground resolution arc obtainable and that in the f{oreseeable future there
will always be very important uscs for spot coverage at the very highest
..Joaehbic resolution.
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/é CURRENT PROCGRAMS
The M system operatcs af its ultimate photographic capability
only about 0% o; the time or less. Some of the degradation is duc to
causes which are understood - inaccurate image motion compensation,
raw, cxposurc inappropriate for the light conditicns at a particular time,

- Lo

citc. Il scems en«.m'cly feasible to bring most of these factors under

)

control so that one could count on peak resolution performance from

the M system on 90% of the exposcd {ilm. This would represent an
enormouts gain in information acquici'i'ior and the information would
still be in the form which our intcrpretation and handling facilitics are
designcd to match.  On the operational side, it has the merit of keeping
things moving in the pattern already establi ished with obvious advantages
in reliability. It may be good for political security too; what could be
less provocative than to keep doing, without visible chiznge, what one
has been inconspicuously doing already?

We believe that improvement i the operation of the M system is
the most promising way to muke an Luomnediate and substantial gain in
phocurfr aphic reconnaissance. Cur fir
Make the M system work weil wil the

effecting the desired product improvenyent will be:

¢ recommendaticn is simply:
the important steps

B!

a. Detter ‘V/I'.u (..V\.\,J.l"’lll.u,“, oa and IMC.

b. Yaw deitccticn and control.
c. Exposure conirol.
d. Automatic focus.

0]

Some c;,:cxully de 5wncd exper ix’non‘:&;\ should b<, carried out with the
: 1 actors contrlbuumo to

We nced, even now, a & ; ReY
cuality in the final M negative; for the prograins recommarald above
e vt e e las . PN SRR I B o Aoy e e .z s Do VY
sach o test is absolutely indispensable. The test nced not ve wpplicable
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to all films and cameras; nor need it measure any precisely defined

‘theorctical parameters. It necd not even relate closely to the military

specification involving bar targets, but it must be applicable routinely
and simply to any segment of useful M negative.. Possibly a simple
measurement of something related only to the cut-off of the spatial-
frequency power spectrum in the final negative can be devised. If it
can be diagnostic, so much the better, but the overriding need is for
an unambiguous quality control test. '

This ”product improvement' program for M presents a really
dolden opportunity, not a thankless chore. If carried through in that
spirit, with determination, its quantitative yield in intelligence informa-
tion may surpass that of any single more advanced system we could
now design. ‘ '

The G and L programs are moving in the right direction and if
successful will be very significant steps toward higher resolution. In
s.ddition to the actual intelligence we can expect from G system recon-
naissance, the performance of this system will tecach us'a zreat deal V
about the opportunities of higher resolution photography - that is, its

- performance should and will have a decisive influence on our choice and

design of future systems. " For this reason, we recommend that special
aciention be given early in the G operations to acquiring some photography
with the G camera under ideal photographic conditions. In other wonds,
the urgency of collecting intelligenceé should not prevent us entirely from
ascertaining exactly what this kind of system can do under ideal conditions.
The L system is a valuable backup for G, and, at the same time, its
parameters are different enough so that any additional expericence with

L will significantly advance our understandlng of the problem of highcr
resolution photography ’

. PR
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4/ PLANNING BEYOND CURRENTLY PRCGRAMMED SYSTEMS

The VALLEY program is an cxampie of a bold step in what we
would think is generally the right directicn, that is, in puching rcso-
lution to the limit even at some expense in coverage. Actually, as now
conceived, the VALLEY system with its considerable flexibility would
offer substantial coverage in some modes. We feel, however, that it
is a little too early to freeze the concept of the next advanced system.
The reasons for this are the following: in the current state of the art,
as was convincingly demonstrated by the excellent parametric studies
presented to us, the controlling parameters of film speed, film resolution,
vehicle attitude stability, and the laws of wave optics, lead one toa
compromise in which size, weight and complexity of the instrument are
affected by even a modest change in a basic parameter. One can almost
say that a modest factor in film speed could mean the difference between
a thrust-augmented THOR and a TITAN for the transporting vehicle. '
In other words, in the next generation of reconnaissance cameras it
will be even more imuzortant than before, if that is imaginable, to tdake
the utmost advantage of every advance in optical materials and techniques.
In the following section, we discuss some possibilities for technological
advances which can probably be evaluated soon enough so that one can
estimate their importance for the coming generation of systems. In a
few monitihs' time, it may be possible to see much more clearly than
now what kind of system we ought to go for.
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,.,-5'4/ TECHNOLOGICAL ADVANCES

a.. Emulsion Properties

Currént camera designs, when optiinized, turn out to be
an expression of the properties of the SO-132 emulsion. Within limits
at a given state of the emulsion art, there is a trade off between scnsi-
tivity and resolution which can be manipulated to get better results in a
particular context. On the other hand, it appears not unreasonable to
hope for some absolute improvement in emulsion properties which would
yield a faster film at the same resolution or its equivalent. Probably
a factor of 4 in speed for a given resolution is too much to hope for,
but we have some confidence that a factor of 2 may be obtainable. This
would be an extremely significant gain, which would of course be welcome

- in our current systems. It could be immediately exploited in the design

of hew systems to alter materially the weight-size-stabilization require-
ments in the next generation of instruments. Within a few months one
may know whether such an improvement in emulsions can indeed be
anticipated. We think it extremely important that this qucs.,lon be
pursued.

b. Image Intensifiers

The electronic image intensifier is a device which is now
being developed vigorously in a number of forms. It may possibly present
an opportunity for a major breakthrough in satellite photography. In the
image intensifier, light from the original scenec falls on a photo-cathode
rather than on the film directly. The electrons ejected from .the photo-
cathode are accelerated to bombard the phosphor, where they make mozre
light. This light can then expose a photographic film or the process can

be cascaded to make more electrons, more light, etc., until at some
stage photographic recording occurs. It remains to bc seen whether the
required resolution in lides per millimeter can be maintained. Therc

is no fundamental reason why it cannot be. Some preliminary calcula-
tions suom_st that several hundred lines/mm is not out of the questio...
inceed, in the application to satellite cameras, we appear to have a
situation peculiarly favorable to the zpplication of the image-intensilicy
technique. In most of the current and future designs the light is’
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recorded at any given instant along a narrow strip or slit, a geometry
highly advantageous for control of the electron trajectories. This
technique may permit the further flexibility of recording photograzhic-
z1ly at a scale different from that of the primary image. We recommend
that the ppssibilities of image-intensifier techniques be immediately -
investigated. If closer investigation corroborates our present optimism,
a vigorous program of development should be started. Here, too, we

expect that a few months' study could give us a very much clearer

“picture of the implications for planning of our future systems.

c. Very Large Optics

v Advances in the design of very large optical systems arc
continuing to be made. These include not only new geometrical arrange-
ments of reflecting surfaces, correcting plates and lenses, but also
new techniques for constructing large mirrors that are accurate but
not enormously heavy. It is reasonable to contemplate apertures at
least as large as 60" diameter operating, so far as their intrinsic
optical performance is concerned, close to the "diffraction limit" set
by the wave length of light. To be more specific, it appéars that a 60"
diameter £/2 system forming a good image on a 10" slit is entirely
feasible, as is a 40" diameter, f/1.5 with a 6'/' slit. If and when we move
into larger vehicles, it is these larger systems we should be thinking
about. It is not too early to support research and development on compo-
nents, in view of the fact that the lead time on the very large optical
eclements involved may be as much as two or three years. (OCf course
we must not forget that the lead time on launching facilities may be
another critical element in the utilization of larger vehicles.} -

The impression gained from our discussions of these large
optical systems is that bulk is likely to be a more stringent limitation -
than weight, especially if the development of large beryllium mirrors
continues to proceed as successfully as it has to date.

d. Stabilization

The problem of vehicle stabilization is likely to remain wiil
us in spite of all optical inventions and will grow more acute rather than
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less. Hence, there will be a contl. iing need for innovation and . ingenuity
in the development of vehicle stakilization techniques appropzriate to

the camera platform. Some degree of image stabilization (as contrasted
with vehiéle stabilization) may be possible in some of the new optical
systems, including the hypothetical image-intensifier system just
mentioned. o :
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6. EVENTUAL LIMITS OF RESOLUTION

There is no evidence that our présent systems are running into
any fundamental limitations on ground resolution. Of course, the
inexorable relation between angular resolution and lens diameter does
impose an ultimate lower limit on the size of our instrument. It takes
a 10 inch aperture to resolve a foot at 100 miles if everything else is
perfect. Probably one can push as far as one foot ground resolution
without severe trouble from the atmospheric medium. The question
remains as to where the inhomogeneity of the atmosphere will make
itself evident, pr'evcnting any further useful advances. On this question
we have no conclusive experimental evidence. The astronomers are

~familiar with the inverse problem of seeing up through the atmosphere,
but their experience does not necessarily provide the answer. We are
also unable to predict at present whether this eventual limitation will
be relatively more or less serious for the satellite borne camera than
for an airborne camera. As we advance into a2 new domain of D"“for-—
mance this fundamental question will deserve serious research attention.
In advance of empirical tests, we may well be able to draw useful con-
clusions from calculations for various models of a tarbulent atmosphere.

Satellite systems are completely free from once problem which
may eventually limit the resolution of airborne cameras, the optical

irregularities in the airstream adjacent to the vehicle. Where this limit

will set in, for airborne systems, is an open question at the moment,
but tests in the actual environment which are now scheduled should
provide a reliable answer, at least for ground resolution of the ordexr

‘of one or two foot. This problem, if it ever becomes serious, is perhaps

not entirely beyond remedy.
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The Panel was given a deiziled briefing on satellite vulner-
ability and on the current program zimed at the planning of counter
countcr;hcasurcs and proteétion of reconnaissance satellites. On the
whole, the facts, as presented to us, were reassuring, in the following
limited sense: a) It appears that if the Sovicts were to mount an attack
employing their existing radar capability with a medium-range ballistic”
missile as the attacking vehicle, the problem the attacker would face
in predicting the satellite trajectory accui'ately enough is so severe
that relatively modest counter countermeasurcs on our part would
defeat such an attack. The main reason for this is that the missile has
to be committed to its trajectory before the satellite appears over the
horizon;-thus it has to be committed on the basis of extrapolation from
a previous pass; b) the analysis of pellet attack pretty convincingly
shows that our present satellite configurations, shielded as they ax
anyway by the AGENA stage forward, would be quite difficult to hit
with pellets and that a very moderate amount of judiciously placed

shielding can protect them very eifectively. In short, it looks from this

analysis, as though the attacker will have to employ a nuclear burst.
How severely this will inhibit him from resorting to attack is, of course,
a question that involves . much more than technical considerations.

it seems probable, howcver, that the Nike Zeus Target Track
Radar at Kwajalein (and thcreiore perhaps also the 54-foot dish at
Sary Shagan) could acquire the satellite as it came over the horizon.
This might be done on the ba31s of SPAZUR-like data accummulated over
a period of a couple < days. . A Thor cculid thus be launched when the
satellite is about 6060 miles away {about 45 seconds after radar detection)
and could intercept approximately overhcad. The recent MUDEFLAP
experiment, in which Zeus was sent against a small satellite, gave 2
miss distance of about 200 meters, at which distance3, 000 pounds of
pelicis spread in a 600 foot radius pattern would give about 1.5 grams

6f pellets per square foot. It is clear that reliable informaticn is required

concerning the effectiveness of the proposed shielding against pellels
in the few-gram range. Such an intercept could not be made 50 readily
-<2inst satellites whose ground tracks pass ndo_re than about 100 miics
irom the launch site.
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However one may feel about these estimates, itis ce *‘Lalmy
wise to take all reasonable steps to meet such a threat, in partizular
the studies of methods for redu cing radar detectability and for adding
some capability for maneuver ceserve continuing suppmt It seems
that even more could be done than was indicated to us in the way of
adar cross-section reduction. We raise the question whether all the

advances of technique and measuremecnt which have been developed in

similar work on other programs are being taken advantage of ecifectively
in this project. As concerns reduction of radar cross-section, it would
probably be too optimistic to hope that the cross-section could be reduced
to the point where it would be undetectable by radars of a class uemgncd
for AICBM acquisition. Nevertheless, reduction of radar cross-section

makes decoying easier, and it can hardly be anything but beneficial to
make our targets less conspicuous. '

It will probably ease the situation if there are more satellites
other than reconnaissance satellites in polar orbit. We must hope for
‘and, where possible, foster a proliferation of space activity in polax
orbit. Metecrological satellites, among others, can provide welcome

company. Therc are many scientific objectives, and they are probably

growing more numerous, which could benefit from instruments in pola
orbit. With enough of this going on, the work on modification of radar

' signature might have the specific aim of making the reconnaissance
satellite look like a certain class of open satellites.

In the long run our greatest hope may well lie in the gradual
establishment of publlc recogrition of the frcc doma of space for passive
transit. The strength of our’ present position derives from the past
conduct of our space program and our official policy with réspect to
freedom of space. We should be alert to every opportunity to reinfoxc
this position.
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The Paneél considercd rather oriefly the current sta
developments in read-out systems. This technique has, of cours
a long history of development. The original technical objec
met; we know that read-out can work, but there has been no practical
application to reconnaissance. The bagic limitation of present re
out systems is still imposed by the radio frequency channel capacity
and the read-out time available, and this handicap has grown, if
anything, relatively more discouraging in comparison with photographic
ecording and recovery. A constant which pretity well char actu“zcd

H

read-out systems was stated in the following form: one or two sguare

(83
inches of picture per megacycle band, per minute, for a picture W'?""'“

L -~ wad

13

100 lines pexr 1 il*rne/te resclution. Cume can perhaps invent miissions
aimed at ouick recovery of 1 oxr Z picturcs of a few small targets which
would make a read-out system attractive, but thesc would have to be
compared with what we might do by a qulc k-reaction satellite with

O

_recovery, or by other means, such as 2 reconnaissance satcllite stored

in orbit for use when needed. On the whole, we can generate very

little enthusiasm for the read-out technique. Some rescarch in this

zrea might reasonably be kept g«

sought to expand the capacity o
c

ultra-fast scanning techniqu

g - el ~ T
s \"'IQ communicaiicons. AT

we conclude that there are no f»Vident opnouriunities in read-oul systcms

which ought to affect our major plans foxr fux ther developm
of photographic systems with recovery.

O
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The Panel considered bricily a number of special systems;
some are aiready uncer study, ofhicrs may warrant examination.

a. Quick Reaction Satellite. Clearly our present capability
for prompt acquisition of important photographic intelligence is limited,
not so much by the recovery cycle, as by the lead time involved in the
launching of a previously unscheduled flight. The Panel shares thc
rather obvicus view that something ought to be done about this and

that in addition to the ge‘ncral streamlining of the launching coerations,
which is a problem alrcady being attacked on other fronts, the possibility
of a specially planned quick reaction vehicle should be studied. Whether
this is feasible or not will have an important bearing on the relative
utility of such other means as readout satellites and drones.

b. Storage in Orbit. The so-called zombie mode of cperation
oifers a variant of the quick reacti tellit

no obvious

difficulty in stoxruge diatic

cxposure wouid, of coursc 20 C
smeall system stuay

The problem oi
order is given s L 1ot be inimized rogram ol
trajectory corrections, enginces with accurate multiburn oo
ed to be exarnined; the to

e
cases become so high that a

. R S s
ht LS8 riQuiIrsd may, 1n seme

e may bc morce desirable.

c. Iully Covert Sateal

et T g T AT S RS REE g ~i
The Pancl feels that the time is not

Tipe to 2ke a definitive position on the useiulacss or feasibilit
covert satellite and reco:

nends that the current preliminary st
ceed as planned. It is our impression that an air launch moay

¢ the most practicable means, and we hope that this aupect wi

igated. - Under the concept of Ygraduated detezrents! o

described where both the Adlaniic Mis

@b
[CRVEG R

1 renderced inoperable

J
y certainly a mobile, if not

1

cT T
s
gricliiie, would be needed. The idea of a covert satellite should not be

woandoncd if o

b
s
<

5
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o
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of infornm tion might be extremely imu
even lie within‘the capabilitics oL the pre
G and L _,ystcins would be even better.

resolution, which would not be scrious in this application, onc would

£
switch to the fastest emulsion availablc and lengthen the exposure time.

The latter change could be tolerated because at lower resolution the
image motion problem is somewhat cased. In any case, there is cnough
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possible one can imagine an exiremely fast optical systern which could

produce ground picturcs in moonlight. In northein iatitu Ig Sint the winter,
snow cover, moonlight, and ';hu auror provides g good photographic
O combination. ¢ that it would at least be worthwhile to encourage ¥
| a theoretical biudy of the techinical reguirements and possibilitics. ;
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Tho nossible »ole of the £u-12 dronce wos discussed by the Rancl
{rom varicus poinis of view. ¢ is oot our piace to asscess the political
advantage of an unmannced as pom_u to o manned reconnaissance
vehicle. To the extent tha > had intuitive opinions on this, they wer
vrobably not unanimous. Somc mbers of the Pancl expressed a
concern that the TAGEBOARD projcct, whatever its intrinsic moerits
might be, is diverting some of the cifort which is necessary Lo make

L
rams}. This question, ':oo, involves other than
Lccmncal cons 1derations. As for the technical capability of the
"'.o;ns for which it micsht b
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O performance of the TAGBCARD camcezi, as now planncd, will b

~to the capability of the A-12
utility of the TAGBCOARD
the performance of the G

K
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as with the periormrance

Indeced, the G system which willi be enerating soon should

ground resoiution not much tthe TA EG_«";‘;{D cunrn

dronc to
¢ deemcd

cut that the photogrophic

¢ infcriox
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do, and this without any of sks which still surround the
drone opcration even with the pilot absent. The drone, of coursc, docs
have the advantage in certaia operational situations of being abic to

gct quickly to a particular targc Cinvolves, howevoer

rather cornplicated and infloxiblc crall operation; certainly le
flexible dion the use of the i1l 1

of an cntire opceration to esin

v&u not dealt with in suificient Jouinith and he does not wis

matier

recordad as concurring with scction ten {10},

, &
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< member of the Pancel, Dr. Fublini, fecls that the TAGBOARD
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