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< ERRATA

BEACON HILL REPORT

We regret that one page of Chapter 3 was omitted and several
‘pages of Chapters 3 and 5 were Inadvertently transposed in
context in the assembly of this report. The correct sequence

of reading i3 as Tollows:

P ~Chapter 3 .
Read page 26, 28, 29, 27, new page 27a (a.tta.ched)‘,,&ﬂ. 31,
32, 33 :

Chapter 5

Read page 68, 70, 69, 72, T1.

] We apologize for any confusion this may cange the reader.
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AN

The Thief of Staff,
United States Air Force

Dear Sir:

The Report transmitted with this letter deals with Alr Forge inteliigence and reconnais.
sance. A research and development program of considerable magnitude #lready exists in this
field. The purpose of the BEACON HILL Report §s to point sut opportunities for m*pravmg thia
program hy changes in emphazis and extensions to new areas.

. The study of Alr Force intelligence and reconnaissance problems was first proposed to the
Massachusetts Ingtitute of Technology in May 13951 by the Deputy Chief of Stafs, Devealopmient.
In July 1931, the subject of sirategic reconpaissance and intelligence was included in the smpe
of PROJECT LINCOLN. ' ,

As ity imtm activity in this field, PROJECT LINCOLN has aasembled, under the chair-
manship of Dr. Carl ¥.J.Overhage, a group of civilian gongultants from varicus fields to make
a survey of the ou*rert Ajr Force program in Intelligence and reconnaisgance and to suggest
directiong for future techaical effort. This commxttee has been acti‘ﬁve from January to Apn.l
1952 as the BEACON HILL Study Group.

1t was ciear from the cutset that in the short time availa.b e thisg g‘raup would reach ‘use-
The Report does not a.ne'npt to answer all the Important quemmns directed at the Committag by
the Air Force in the course of #ts briefings. A few major dreas were excluded by prior agree.
ment with the Air Staff: (l) all tpchmquea related to the covert actw ties of secret aggnts )

expiogions. As the group became more famxl-ar Wxth its subject; additional problems had to be
set agide. It has given less sttention to tactical thamto strategic air operations mainly becaunse

‘the former have been closely studied by PROJECT VISTA.

The -subjects treated in the BEACON HILL Report fall into two rather different groups.
In one part of its study, the group has tried to stand back and view in broad perspective the
problern of orientation, emphasis, ‘and priority as it applies to the over-all job of Air Force in-
telligence. In the other part, ihe group has wregtled with the-technical problems involved in the
collection, reduction and utilization of intelligence data., These are the fieids most amenable to
technological advance, and they aré the fields in which most members of the group have spec-
ialized experience. }

A 15-page summary of the BEACON }{ILL. Report is presented as C&é{zter 1. In order to
make this a brief and readable account, the Study Group's views have been stated in this sum-
mary without some of the necessary qualifications to be found in the more detailed whapters that
follow.

The committee recognizes that its fmdmgs represem onlya begmn.ng, The pnrpose of
conducting a study of this type ia to obtain the collective judgment of a'selected group of scien- '
tists and enginéers not normally associated with Air [-‘yp;-g:e 3;0&:191:15. In such a study, the ad-
vantages of a new and uninhibited approach to a very broad range of problems can be secured
only by sacrificing the careful documentation and detailed gupport that idehily should asccom-~
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pany each conclusion. . Therefore, the work of this group must be followed by future and moare
detailed studies, by laboratory work, and by field tests. Above all, it'must be combined with
the operational experierce of many officers and airmen before a real contribution will have been
achieved.

We are indebted to our Air Force liaison officers {or arranging frequent-interchanges -of
information between BEACON HILL and the interested Air Force agencies. It has been impos-
sible to give adequate credit for suggestions made in the course of such meetings. Many of the
ideas advanced in our Reportrepresent views held by individuals or groups now active in the
Air Force intelligence and reconnaissance program. Exploratory experimental work in gome
of the new directions here dizscussed is already in progress withinthe researchand development
eatablishment of the Alr Force as well as in outside laboratories.

Sincerely,

C7 1) A Remis .

F. W.Loomis, Director
PROJECT LINCOLN

Cambridge, Masgsachusetls

2 June 1852
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The BEACON HILL Smdy Gruup, like similar cominittees drawn together for
an intensive shart-term survey of a partmuiar military prablem. comprised a cross secticm of

PREFACE

academic and indusirial specialists infields that ranged from psychology to physics and optics.
Fifteen memhers constituted the Central Study Group and ten consultants pro-

Five Air Force liaison offi-

cers were assigned to the Group, facilitating accessto documents, making possible the cortacts

vided needed counsel as particular problems were encountered.

with repregentatives of Air Force laboratories fmd agencies, and serving generally a5 sources
of information. The complete roster ofthe BEACON BILL organizationis given in Agpe:‘dm A,
The Group received its information on the current Air Force program at \

Briefings ccmdﬁcted in Washington, and at various Air Force estahlishments, between 7 Janu-

sry and 15 February 1952. Thereafter the commitice adopted a working pattern thathad proven
itself satisfactory in previous projects at M.1.T. Established in quarters separate from the
LINCOLN installations, with ‘adequate security 5afeguards and a small administrative staff,
the group bhegan ira activities by reviewing and examining its - impressions of the formal Air
Force presentations. ~The areas to which the group could: profitably hope to contribuie “were
then defined, and panels onthe three major segments ~ intellige‘ric‘e5bjectives,, sensing means, '
and data handling - were organized. Subsequently, a group on vehicle systems was formed.
The working schedule svolved around a three-day week toallow members both
to serve the Study Group and to maintain academic and professional commitments. During
February and March, the panels miet in working sessions, visited pertinent military and pri-
vate establishments, and received additional briefings from visitors and consultants (see Ap-
pendix A}.
working papers coveringtheir questions, findings, and tentative recommendations. These were

Throughout this period of concentrated study, individuals and subeommitiees iggued

discuased in weekly joint sessions of the entire body, including the liaison officers. o
By tne middle of April, the major conclusions had been formulated, and sub-
stantial agreement reached, on tha primary findings. An oral presentation of these was given
first toajury of consultants and invited Air Force persounel and Subsequently (on 26 May 1952)
io the Air Staff. - An editorial sommitiee then combined the final drafts of the relevant working
papers into a unified report which was gubmitted to each member of the Study Group for cor-
rection and comument. Slnce only minor changes of wordmg ard emphasis resulted fram this
final review, the Report ag presented inthe fo}mwmg pages represents the 3Umt agreement and

bears the endorsement of the entire study Eroup:
In any project suchas this, the ling of demarcation between camm.xttee strucs
tures is a dﬂ'ficl.lt one to trace, Similarly, the assigning ‘of responsibilities and identification

of authorship cannot be made easily. The d‘r‘oas«fertilizatfon of ideas, the evolvement of new

and different approaches among a group such aa this — all make for a document that beurs ihe

impriat of each member on every chapter and gection. in addﬁ:mn to this acknowledgmem of
the contributions efall individuals tathe entire Report, it {s necegsary to give particular credit
to certain persons who assumed primary responsibility for assembling and mtegratlng the vari-

ous working papers into caherent chapters:
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. A series of lettered App&'ﬁzces hag been mcluded at the emi of the Repor{
These, in many cases, are wnrking papers that serve ta amplify the material in the Chapters.
or to present individual idess that the group felt warthy of submwsim to the Air Force. Ac-
cordingly, each Appendix careies the name of the author,

No projact of this scupe could have functioned efﬁcienﬁy without the support
and copperation of its ‘Haison ofﬁeers. BEACON HILL: has been more than fortundte in the
caliber ofthe men assignedto it. To all of them, the Study Grm\p is indebted for their willing-
ness and patience, and for the genuine cantributions they made to this Report“
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SUMMARY

CHAPTER !

IN the pest-war world, intelligence and reconnaissance are
THE IMPORTANCE ' .

OF INTELLIGENCE more important to the United States by several orders of

magnitude than ever before. They are crucial to some of
the most fundamental sims {n our national policy: our ability to keep the American econ~
omy solvent and sustain the cold war, the ability of our armed force to discourage aggres-
sion and thereby to keep the peace; our capacity, if war comes, to-outmaleh the enemy
and carry the war to the Soviet Unfoni our capacity, in the face of a Soviet intercontinental
striking forca with atomic weapons, to seek out and master that force — aad thereby to
gafeguard our people and our economic and military resources from atomic destruction.
aAll these tasks depend to a wholly unprecedented degree o intelligence.

THE American economy is now seriously. strained by the inflated c@st of armameqi Given
less than adequate intemgem:e. there is an uﬁavmdable tencienny to spend generously as
an insurance {actor - to prepare, without adequate knowledge of what'the Soviet Union has,
to counter everything we think it concelvably might have, With more exact know}\edgeﬂ we
can decide which military spending Is diretted sccurately at the mark and which is urnec-
essary spending«in-me»da:k. Informed spending is the best means of economy.

its and surprise aggressions.

QUR centainment policy faces a Soviet strategy of local dpcid
We are forced to meet this with an 1ncreasmgly mc;bne “fire department” technigue, with

hmxted forces holding the line at widely Eepﬁra{:eﬁ dangar zones geross the world Advanca
kncwl=dge is of the esserice in this conﬂxct of maneyver. g

B

THIS country is now an integral pa%ﬁ of the bi;ame of power,  We canscioﬁéijﬁ tiis.e armed

strength tow as o instrument of national paii'c/y”kw first, as a peaceable deferrent to war-
making and second, to prepare for war i it comes. ‘There is po more isolatian, ~ For the
first time in our hxstmrv, we have come to accept the need for a major mnitary erce in—

being, during what passes nowadays rm- tme ‘of peace, RN

BUT s large military force is not snough, . Indeed by itself, it is uiterly inadequate. For

the Soviei Union has a large force-in-being also. And with two such forces matched against
each other, the question now becomes: which is smarter? Which ean learn more about the
vulnerability of the other, and adapt its force most shrewdly and precisely to exploit the
other’s weakness? This is the question that intelligence must anSwer We are smarter

only if we know more - about the enemy's strength, his weakness, his plans. This know~
edge will enable us to match him or meet him on our own terms. Bist this knowledge, denved
from intelligence, hag an even greater significance. By showing us where to concentrate

SUMMARY
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our strength, where o plug gaps. where to ignore his preparations, ,intenigéﬂnce atlows
us to husband our economic resources and to-keep fit for the long«term strugpgle.

" LIKE any other prt)’biei\ri\, the study of intelligence begins
APPROACHTO witha review of fundamentaié. ﬁha: are basic national ob-
THE PROBLEM
jectives? Basic intelligence data? Bazic sensing means?

Basle uses? How cana tharough examination of these matters give a gense of direction to
those responsible for program control and for cperaimg the entire intelligence s fgtem?

of various technigal fields into bmader perspective. We believe we have plnghed someg

new ground in dolig 80. . We have come’up with certain broad conclusions which cut across
whole segments of the intelligence pmture and which wlll be reviewad in the aext few gec-

tions of this chap!er

, WE are struck by the overnding meartance, and the rela,~
COUNTER-FORCE a
- s t 14 g b t
INTELLIGENCE - tively small supply, of curreat intelligence on two su jec 8:
basic Sm'iet weapons and basic Soviet combat forces. We

reatize that mtenswe effort has heen ‘made to get at this kind of intelligence, and that some

of this effort may well lie beyam:l the range of inquiry of this study group. But we under-

stand that, in terms of a really comprenensive, steat!y fiow of information,. the task has
been pecullarly frus:ratmg We find that a.very iarge part of the Air Force intelligence

effort i3 headed in the somewhat easxer direcﬁon of meraving our stock. of mduatrm.l and

ecohomic mtellzgence. :
YET wa regard data on Soviet weapans and farces as of far greater importance.

THERE will scarcely be argument over the reasons why, The missions of TAC are coun-
ter-force in nature. Two of SAC’ three missions fail in the same. category. The ﬁériod
when force data were less unporta.nt % when wa alone possessed the atomic bomb ~ has
passed. Now that the Soviet Unfon has the same kind of striking power,” the military prob-
lem becomes more nearly one of basic weapons against basic weapans, of striking force

against striking foree.

#

“WE became convinced, therefore, that an even greater effort should be made to know
the Soviet military force ~ what and where it {s, how{t operates,. what it& movenients
are - and that this calls for a redlstributmn of emphasxs in the Air Ferce intelligeénce

effort,”

g

Wv
i y " ’
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SUMMARY

CENERALLY speaking, intelligence is now collected on a
« NEED FOR . N . : - .
hasis. he f but d 4
{NFORMATION PRIGRITIES . broadly inclesive basis. In the familiar but devastating
phrage, everyone wanis to know everything about every-
thing, all the time. The result is a collection of an indigestible mass of raw information

which even the best system could not wholly convert inta useful finighed intelligence.

WE can understand the reason for this: the collector cannot know which innorent looking
item might be the vitallink in a pattern someone is trying to fit logether. 8o he collects
as much as he can, to fill the very long list of requests given him. The evaluators will
sort it out. But, in practice, thiz creates a fresh problem. Collectors and evaluators
are swamped. Instead of being free to do a sharply analytical job. going after what is
moat needed and making sense out of what they get, the physieal presa:ure af handling so
much material tends to absorb their gnergy.

WE have come ta the conclusion, therefore, that we must go back to the concept of the
"egsential elerments of information.” With basic intelligence ueeds more clearly defined
at the top. information priorities can be set up for the whole system. Intelligence can
then be collected and evaluated more in tarms of what it will be used for, *

IT calls for gsome tall thinking to set up intelligence prior-
ities. By itself, the mature judgment of experienced offi-
cers can do much In this direction. But this same mature

A METHOD FOR
ASSIGNING PRIORITIES

judgment aided by a systematic analysis of the whole intelligence field can do even more.

S0 we propose a possible working procedure for establishing information priorities, It

iz a method for gathering into significant calegories all the subjects about which informa-
tion is sought and all the end uses served by the information. It alsoc provides a procedure
far rating the categories numerically in terms of their relative importance.

CHAPTER 3 gives a tentative example of such a method. We do not elaim it {s infallible,
or even that it ia the best way to do the job. But we believe it is good emough to showthat
gome such method can further the task of putiing first things first in intelligence.
FRANKLY, the discipline of a method like this may well be its chief virtue. Just the ef-
fort to think it through may prove more useful than the particular pumerical outcome. It
can aszist irn looking into corners that might otherwise be forgotten and can thereby ex-
cite a new depth of thinking. We have found it so in our own review of the basic intelii~
gence problem. In any event, we suggest that this method be tried out as an initial step.

- SUMMARY
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then modified a.ﬁd“impmvéd 4% experience dictates.

»

WE are canvmced that the peacetime colisction of in.farma«
tion on Soviet mﬂiﬁary forges can be significantly increased,
One promising means could shortly be in hand. It'is electro- wﬂ
magnetic Intercepl, specifically adapted to this purpose. A moddern military force with '
its variety of commusiivations and electronic equipment must aéksig:ak&equencies to basic
weapons and combat units on an m‘ﬁ'é‘rly basis, It thus gives off a multitude of tell~tale
emissions. Detection of these »»knm. ﬁrimarlly of their mesgage content, but of their ex-
istence mnd approximate location - offers a promising means of jdentification.” It should be
possxble to locate aircraft as well as missiles and cantrul centers a.nd by watching the

ELECTRONAGNETIC
INTERCEPT

I

pattern of emiesions, keéep a rough track of combat units, their sizes and movement& in

Chapter 4, we shall discuss equlpment and progedares for cnllet:tmg this mf crmation. We
shall congider hoth radm and radar mté ‘cept. because we regard theze as t‘i‘l?t} imseparab}a

tercept; our suggestmns on radio m%ercept aré therefore advaneed withaut knowledge of
what may already be in ﬂperation :

TO get information on Sovig\t‘”forces we need radic and radar. intercept receivers that can
operate unattended, cover'a wide bandwidth, and antomatically détect and record appraxiy i
mate signal frequency, signal directicm and flight data.

FOR radio intercept, we shall'describe one possfhie appmach in which the advantages of
superheterodyne receivers are 53:1’;&&&& in prder to gam high imercept :

PRESENT radar mtercept ‘equipment was huilt primarily for eiectromt e:mmtarmeasures.

where the chief requirement iz detailed analysis of Soviet electronic sxgnazs. Soch equip-
ment is bulky and complex and requires manuoal cperaﬁicn. Since its intercept probability
is very small, it should be confined to its p*es&at ;m;mrmm and specialized purpose For

the broader problem of compreéhensive surveillance, where I:ugh probability of
the chief requirement, crystal video technigues could be pramptly utilized.

FULL use of radio and radar intercept would involve opera rig{{fmm ground stations as

well as from the alr. The line-of-sight limitation of border ground stations could be over-
- come with repeatera carried by aircraft or balloons in friendly airspace. Occurrences

of anomaleous propagation are also worth full exploitation.

j, s UMMARY




SUMMARY

BETWEEN the field users of photo-recomnaissance equip~ .

PHOTOGRAPHIC . ) ~
. ri nfli
RECONNAISSANCE ment and the designers of it. a serious conflict hag grown

up. Operating personnel want simple, small-sized, light-
weight general-purpose cameras, easy to handie by a single person under combat condi-
tions, easy to mass-produce and to supply and repair. The designer, on the other hand,
wants to provide the Air Force with the ultimate photographic performance that American
technology can produce. The resulting instruments are so large and complex that they ;
become ineffective in the hands of average personnel.

WE believe this conflict can be resnlved. The solution is to separate the two functions of
standardization and specialization and give each the equipment and working conditions that
are best for its own peculiar needs. Standardized eguipment cught to be vsed, at a rough
guess, for 95 per cent of Air Force photo-reconnaissance, and this should not be handi-

capped by having specialized cameras mixed into standard use.

FOR the remaining 5 per cent, we shall recommend employment of specialized equipment
by specialized photo-reconnaissance units setf up for the purpose. These units would in~
clude highly trained persomnel who alone can fully exploit the potentialities of the modern
photographic art. The concept of specialized u}lits is introduced at this point because the
need for them is peculiarly well illustrated in the {ield of aerial photography. However,
- we shall also recommend later on that specialized units be used for other forms of recon-
- naissance, such as radio and radar intercept, We leave to those who are competent to
decide the guestion of how these units should fit into the Air Force structure, .

FOR normal pheto-reconnaissance tasks using standardized equipment, we shall make a

number of recommendations. 7They include, among others, the following.

{1} Image-motion compensation and antivibration mounts are now musts,
and, as the VISTA report has already urged, should be pushed with the great-
est vigor. Lack of them how is an intolerable limitation on quality.

(2) A small, fast-cycling, wide-angle 70-mm camera with shutter
speeds up t6 1/2000-5econd and with image-motion compensation is needed
for use in fighter planes flying at very low altitudes.

{3} No lenses of fucal length greater than 36 inches should be mass-

. produced for standard use. Anything larger should be turned over to the

specialized reconnaissance units.

SPECIALIZED equipment must be designed to be less bulky and complex than what we now
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have, particilarly since many special phota«recormaisaance tasks in the future w:ll be car~
Tied out by guided mizsiles and roaket aireraft,

ONE of the magt chanenmng tasks for these sgeciallzed uussit:ms will be extreme»altitude
abligue phatography carried on from special aircraft at safe distances on our side of the
Soviet perimetaer. The ‘step’ im:xmdmtely maa is to use a high-altitude turbmet plana at
70.000 feet, 2s saon ag it is svailable. With proper camera equipment, ‘it sheuld be pOB-
sible to see 100 miles into Soviet territory from a pt}im 25 miles outside the frontior.

THE X-2, we a ek m.fmmed‘ can be expected to reach an alti ud of 45 miles before very
long If it carried a compact camera of long focal Length sach as we believe possible, and
of much Lighter weight than present eqmpmzmt, it could in exs:euem weamer photograph de- ‘
tails as s'nall as 100 feet on a slde some Bf}ﬁ miles inaide the U.5.8. R. A

THE WAC COR}?ORAL has been up ta 250 miles,  With a haavie:r rocket at an altitude nf.
say. 200 miles, we may ultimately hope to gimmgranh up to mi}t} miias inta the 1.S. S .
with usable detaxL

THIS amoums to applymg the wimnomas & technlques to observing the surt‘aca of the earth« z?w
; Weé recommend inteasive further study uf the. feasxbdity of this appraach. If it should prove
. workable, we ccauld send up rack.ets from sale poiats around the Soviet perimeter. and under
favorable weather condizious search: a“iarge part of the U.s. S.R. Success in this venture
- would prov;de a substantial amount of mformatton now considered ahtama ‘only by penew o

tration of Somet airspace

RETURNING from these hig}ﬂi specialized tasks to the problems of normal reconnaissance
operations, we shall discuss in Chapter 7 a new am;zmach ixxtemi«ad to carry staa&ardizanon

to its greatest pracucal leit This approach, which we have called the’ "Rawnagr&yh Sys -

tem,” is based oma small generabpurpcse, camera that ::emf : maiiy exploit the opportunities
that smallness can provide. Ail the engineering would be buailt into one integrated packa.ge s
that includes camera, mounting and automatic controls. , :

*

THE camera would be small em}ugh to'be maunted at the cgzzter i:s:’ 3 atabﬂj.zmg system in
such a way as to provide. -maoth accurate image—monan xmmgensatmn. This would make
possible a relatively long exposure; and with the right emulsion it should praduce stereo-
scopic pictures of much higher quality than is now thought pcssible“t‘ar the small camera.
The fibm would pass (rom the camera unit Into a compact and automauc processing device
from which it would emerge as a negative or pcsiuve &msparency This would be direct-

* ~ SUMMARY
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ly viewgd by the interpretsr in a variable-magnification hinccular microsecope. .
WE shall recammend thes development of such a camera. We believe it will lead to a

major simplification of photo-reconnaissance.

TELEVISION and facsimile are substantially ready to be ap-
PHOTQELECTRIC AIDS

1 issance. Techhig in hand, compo-
TO RECONNAISSANCE plied to reconnaissance. Technigues are an p

nents are on the shelf or can be eagily developed. We shall
recommend systems;
{1} To "view" the terrain under a reconnaissance aireraft or missile
by what is essentially a television technique, and to relay the picture informa-
tion back to another aireraft or to a ground receiver.
(2} Similarly. to relay reconnalssance photos taken by rapid-procesa cameras.

{3) Similarly, to relay radar-scope photos.

THESE systems would use line-ol~sight transmission with a relatively marrow video hand-
width (no greater than 250 kc). Transmission over longer distances and code modulation

to minimize jamming should be explored.

NIGRT and bad-weather capability is unquestionably one of
the greatest reconnalssance needs. Existing radar falls
short of the goal: the picture it gives i adequate for ravi- .
gation but too crude to yield useful intslligence. Flash photography, even on the clear
nights when it is feasible, s severely Umited in application because of the need to carry
illuminants. Use of the infrared. while helping to overcome the illuminant yroblem, is

NIGHT AND BAD WEATHER
CAPABILITY

still limited to clear weather condiiions. Photography in the near-infrared is not much
more prormising. On the other band, two methods of getting the capabllity we peed show
great potentialities. One is to improve radar resclution radically, by means now at haad,
The sother is to tap a new source of sarth pictures, microwave thermal radiation,

AIRBORNE radar, whether used for bombing or for serial reconnais-
sance, {5 now seriously handicapped by poor angular resglution. No
great improvement is to be expected from elabarate presantation schemes, although a

Radar

modest lmprovement in the present basic eguipment can be achieved through the use of
cathgde-ray tubes with sharper focus. A fundamental advance can he made by using nar-
rower radar beams, achieved by increasing the antenna apertare, or shortening the wave-
leagth, or toth. Not only will this reduce the difficulty of target ﬁéenti:‘iaatiﬁn in bombe

ing - it will make radar reconpaissance useful far other important purposes.

SUMMARY

CONFIDENTIAL®
e s T




THE most hopeful development in reconnalssance radar is the fixed side-looking array
combined with strip :‘ééofdi’ngi It makes high«resalution radar feasible, even for flgﬁt;i*«
type reconnaissance aireraft. A specmc“pmpasai directed at such an spplication is made
in Chapter 9. Another very pramuging technigoe, nowin an early stage of development; is
,strlp recording by pulse-Doppler-analysis. 4

WE belzeve 1he time has come ta treai 1.8 e (the K band) as the' basic wavelength for
pictoma.l radar. “The.development of the K band {Q 35 cm} simaid be prom:)te{i for use in ’
the negr fufure; it will have lmpm:tant apphcatians where exSréme r:ang : \zs"not reqmmd

EFFORTS to improve radar prediction should concentrate on the éhﬁplest of the pméééﬁms !
now used, which should be improved and validated by more extensive operational trials. ?
Mare eiaborate methods are pot pramislng tsers and plammrs must be aware of the funida-

mental phvmcal iirmtat,ons of any predictmn schemm

THE development of pre:sentatian gadgetry. now pmceedmg alang several lines, should not ¢
be allawed to divert attentionfrum the need to improve Lhe inherent res;}lution of radar xtselﬁ :

Passive Ixxtnug& - IF the recepticm of mfrared and m‘cmwave ahermal radzation lives up
Hicrowave R=='=W¢fs to its promise. it witl gwe sturdy competition to the best radar. Initial
‘I:;e receiver can "see“ through

stmmantsb Micmwave rac},ia{iuns seem pe:haps more ,pramxsing, sim;e ,they could soe
through cloud as well as night, and would. in gontrast to microwave radar, involve no ac-
tive emission from the aircraft. I successtul, it will be possible over limited ranges to
see through bad weather and éarkness & picture that appraxxmatea -4 cruée Opilcal picture.
'I'h:.s method is yet to be develaped but we beheve it is feasible and we ahau recommend re-
search and development with great nrgancy

PRE-D-DAY

“PENETRATION survemanca, We esmciaily emphasize high-oblique ph0~ ;

“tography and radig zmd radar sarvemance. The limited: -
range of these fechmques, ‘hawevar, poses a semoua qua;s&wm VS}muid zhere be pre-D-Day

invasion of enemy mspace?

‘WE discuss this question réiuctantly We as citizens realize”‘that very grave q:xestim:s af -

treated wlth the utmast poht;cal wwdom Og the stiwr hmad vze premme tha.t a decmion $ s

SUMMARY
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on this question of high policy would not be made without kaowing what the various vehicles
could accomplish: '

How well could they evade detection 2

How well could they svoid interception?

How useful is the information they could bring back?

NONE of the more promising vehicles has yet reached the point where these guestions can
he confidenily answered. We shall propose, therefore, that certain’of these vehicles be
pushed rapidly to the point of {easibility trials.

CONTROLLED search of the Soviet Union, in our opinion, would serve a much better pur-
pose than random. uncontrolled search. Vehicles capable of precision search can be pro-
duced, with effort, in the time period immediately ahead. They include the extreme~high-
sititude plane and the unmanned guided missile such ag SNARK. If a simple guidance sys-
tem sufficient for reconnaissance were ingtalled, this vehicle could be tested fairly soon.

HIGH-altitude balloons have more linitaticas than vehicles with power. They can be di-
rected oniy in the general sense that wind currents over the Soviet Union can be antici-
pated. The resulting general search iz inefficient compared with the coverage obtainable
from guided vehicles. There ares other technical difficulties which we have not analyzed
in detail. But if balloons should prove politically more acceptable than aireraft and mis-
siles as a means of pre-D-Day peneiration, then every effort will be made to avercome

their limitations.

SINCE this "if” {s beyond our range of inquiry, we confine curselves to suggesting further
research on winds, eguipment and recovering and development problems hefore final-phase
engineering production is initiated.

ONE priority outranks all others: to restore the ability of
SURVIVAL OF reconnaissance aircraft to live. Today's planes have a dan-
RECONNAISSANCE AIRCRAFT gerously high attrition rate against a first-class air power.
This is the single greuatest weakness in the reconnsissance system now. It calls for putting
speed, and both kigh- and low-altitude capabilities; -ahead of all else. Reconnaissance will

need the highest-performance alrcralt available at any particular time.

WE are convinced that the present vulnerability can be corrected in progressive stages,
beginning at gnee, using planes and equipment now in hand. Ameng other things, we shall

recommend using fighter planes for reconnaissance, adapting the F-84E or F-84G ag an

SUMMARY
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interim measure, giving high priority to the forthcoming RP -84, Whereveézpnssible. eX~
cessive fuel weights and the resulung poor targ&t perfurm&nae should be a.vcxééc} by the
use of periphersl bases and air- refue‘ing and parasxtmg 'Eaisilitms. This is the immedi-
ate problem - to improvise our way rapidly out of the present madequacy‘

THEN, looking further ahead, we see the need for a mcre;un‘damemal approach: an inte-
grated. balanced designing of the package as g whole - of vehicle and eb.ﬁipmentv Alr-
craft performance 1s at a dis¢ount under o' systern of accretion. where a masa of equip-
ment, independently canceived‘,‘ in onecordinated units, with excessive weight and bulk,

- is foreed on a vehicle not designed to accomimodate it.

THIS need for integrated reconnaissance vehicle deszgn is well recogmzed in the Air Force, -

and the current program on th ‘MX 1626 {lustrates the type of planmng that is needed.
Another important step in this du‘eciitm is the mcreaamg attenhan given to mterchange*
able noses or pads contaxmng dx.fer‘ezzﬁ sensing equipmen{ for the different recacnalssance
tasks (photographic, radam pasaiw, electmmagméuc intercept, ‘etc.}. Certain types of
especially light equlpment can Bge an cambaﬁ as well as on reconnaissance ‘planes, in order
to make the maximum use of combat ﬂights for cnnecting mformauon, o

WHAT, noﬁ,‘ “of the vehicles? Both for border surveillance
- and as possible vehicles for penetration; ‘pre-n ~Day aic-
“graft have been dmcussed already. {Most of tnem would. -
of wurse. be used Eully in the post-D-Day period as well: - ‘They comprise: =
(1) - High- ~altitude manned turho;et mrcraft {modified Canberra or RB~ 66)
2y Extreme»altiwée, 1£m£:ed»range rocket axreraft of the X-2 ty-pe. for
border surveillance or limited penetration.
‘ {3} Unmanned recshnaiasanaa aircx-afl. hke SNARK. mth sunple guidance
systems R ‘
{4y nghaalt:.tude balloms :', :
Or later, after 1356; ' - e .
{3) Extreme«almude rocket aircrait mth range between that of me X«Z

RECOMMENDED
vsmcz.r-:s ,

&

and the intercontinental missile,
() Supersonfc lang- rnge guided missile (‘IAVAHO}

FOR strategu’: aperauons in the post D Day periad, if it comes bei’cxre 1956‘ we suggest
emphasis ond : =

{1 Mmdiﬁad,,, F-B4E or F-84G with maximum range extension, as an
interim capability, '
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{2} R¥F-84 or RF-1ID1 for a radius up to 1000 miles. to be fitted with
interchangeable noses and given refueling or parasite capabilities.

{3) RB-47 for greater equipment capacity and range up to 2500 miles.

For use after 1356, we would add to the lsh:

(4} A reconnaissance version of supersonic medium bomber ~ MX 1626
or MX1712.

{5} A terminal missile like SHRIKE, with photoelectric scanner and
radio relay, to be used with the supersonic medinm bomber.

PROGRAMS should be undertaken to adapt vehicles such as the extreme-~altitude fighter,
the SNARK, the ¥-2 and the SHRIKE to their various reconnaissance tasks, to give them
feasibility tests as soon as possible, to evaluate their capabilities for reconnaissance, and

to determine how well they could evade detection and interception.

IN the discussion of photo-reconnaigsance, we have already
SPECIALIZED suggestad a means of unsnarling the confusion between gen-
RECONNAISSANCE UNITS

eral-purpose and specialized equipment: to separate out the
more complex cameras and difficult missions and turn them over to specialized units. The
same separation of "standard” and “specialized” should be carried out for the other forms
of reconnaissance: radar. electromagnetic intercept, etc. In these fields also, there is
need for simple equipwent that can be usad in interchangeable noses and pods, with com-
bat as well as reconnaissance planes., There is likewise as in photography, a place for
intricate equipment operated by trained personnel, which should be assigned to a few spe-~
cialized units that can go all out for the highest quality of reconnaigsance.

¢ THE BEACON HILL Study Group has not concerned itself
WO%%?;‘&E?UTH with intelligence obtained by the covert activities of secret
agents. Our primary interest has been in technical methods
of data collection. While we see great opportunities of improving these objective techniques,
we are not unmindful of the great importance of word-of-mouth intelligence and we cannot
help but reflect on the encrmous expenditures of time and effort by ordinary data collection
means that could be eclipsed by reaching one Klaus Fuchs in the Soviet Union,

MEANWHILE, there are large numbers of European industrial concerns and scientists

with access to current information about satellite and Soviet research and production.

They either make equipment or materials for the U.S.5.R. and satellite areas. or have pro-
fessional and business friends who are doing so. They often have direct connections with
industries and scientists behind the Ircn Curtain.

SUMMARY
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THE gystematic exploxtation of these sources would requxre the services of qualified Amer-
ican businessmen, engincers and sciennsts in congunctmn with research and development

contracts awarded to Buropean firms. We have not been able to make a detailed study of
such a program or of other overt sources of word oz“mauth mtemgence. and thas ne spe-

THE enfire process of handling intelligence data, from col-

STREAM ‘
DATA H i§g§.?<; o lectmzx all the way through to disgemination and use, eould

greatly benefit {rom overhauling Few efforts in the fisld

of intelligem:e offer more generous promise of rxch rew*ards

CONGESTION in the presznt system is understaadable. because

Despite all efforts to control it; the system i now engulied by a deluge of raw data. It
clogs cammzxmcations, causes many delayy, is eva&uaéeé at too many d;ﬂ’erent levels, s

| difficult to sort out conscientiamsiy. is processed by hand in areas where the time is now

ripe for mechanized zwr*tmg* and handlin, ;
is handicapped by the lack of enough ¢ fu!.iy chosen, well-trained evamatm-s who can laok
forward to stable, rewarding careers in Air Force intemgence_ ‘

WE shall suggest that good in!ormauou handlmg techniques are avaﬁabia; or within reach,
50 that a smoother and’ more gtﬁcwnt system {S.a reasonable gasaihwtyy and fairly socn..

mw Chapter 13, we propese a general tighteuing and atream}img of da!:a bangdling. - It fol~
lows several generai princlp!es, o o
#(1) By greater use of information priorxtica, ; canecmrs of raw data y
should be able to concentrate mare on what's xzeeiied, and aliminate more :
of what's not needed. Thia vmuld tend to radt:ce the volume of now at the
start of the process. : 2
(Z) Evaluation sbould iake place as far farward in the intelligence pro-
cess, and as near the collection point, as possible, Oﬂy selscted, interpretad
information should be transmitted back through channela by the evamamrs,.
Thig would atill further cut the valume of flowat an early stage of the proceas‘ :
: {3}  There should be rxgomus cuta in the flow of information to persons
not runctmmﬁly needing it, - f:ansiﬁerable duphcatinn in the ::harm&]s threugh
“which intelligence flows can be ehmina.teﬁ.

demands on it have ex- o
- panded rapidly at the same time that i,ntelhgem:e has become laci:mcauy more complex.

SUMMARY



FOR the mechanized handling of fragmentary information, we shall recommend an inte-
grated system with the following salient features.

(1) All material arriving at Documents and Dissemination Branch
would, on receipt, be photographed on microfilm. ;

(2) A simple and effective gystem ("coardinate indexing”) could iden-
tify the material on each frame by a few key words, which would be recorded
cn the film in such a way as to permit rapid mechanical sorting.

{3) Machines would speedily locate all the frames of interest to any

particular inquirer. and make for him prints that he would not need to return.

THIS mechanized system can be given & resiricted test, to work out the flaws, without
large expense or final commitment. If found successful, the entire system can be put

/ .

EVERY study group., we gather, comes up with thiz idea:

into operation progressively.

CAREERS

IN INTEL LICENCE the particular Alr Force activity it is studying should have

The Air Force puts great effort into selecting and training the men who fly airplanes. We
believe It should do likewise for the men who enabie airplanes to fly to the right place,
with foreknowledge of the conditions they will encounter, -

THERE are good reasnons why the Air Force has competent flyers:
(1} It reserves certain jobs for gpecially trained personnel {(pilot,
bombardier. mavigator, etc.):
{2) It sets up ways of measering individeal aptitudes for these jobas,
and selects its men thereby;
{3} 1t gives them specialized training;
{4} It checks periodically on their competence;
{5 It eliminates the incompetent, and rewards the competent with
attractive careers,
tn
EVERYONE understands why this formidable list of safeguards is necessary for the men
who operate planes, We are convinced that it jg likewise necessary for intelligence offi-
cers: they require particular talepts that may not fit into the normal Air Force pattern,
and as a resuil they cannot be selected properly by rotation or casual choice.

INTELLIGENCE officers have to be keen analysts, with a faculty for locating what are the
really sigmificant facts in a mass of data. They need the kind of judgment that can exam-

SUMMARY

the most ahle and the beat trained personnel in the Service.
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ine sources of infqimatidn and tell how reliable or unreliable they are. They need the

sort of creative imagination that can relatE"'faetifrom different sources, and tell when
they have established a pattern and when they have not. They need a compelling interest
in the job, which will carry them through the endlesg dradgery of combing over vast quan-
titles of material in search 6f nugpets, without their interest ﬂaggmg These are guali-
ties not unlike those of a guod police detectuﬂ or newspaper repﬁrter, and they. may be
quite different from the talents makmg a good piiat or engineer or supply officer.

THESE qualmes are needed nat only by the men who interview: defeetors or mterpret
photographs, but bv a&mmistratx\re mteliigance perannnel in gexseml Otherwise, men wha
do not have this sharp, mvesugztary type of mﬁmﬁ and whose talents He slsewhere will be
rotated in and out of mtelligence and will fail to : p«precmte the sensitive nature of the work,

FOR afr technical m!euxgence, it is necessary not only to have t:hese mveshgam:g quam:ies
buta technical background as well, with breadth and some éepﬁz inat least one fisid. Both types
of talent can be found in the same individual. but not without mr uz search and selection.

WE are told that a st d}r of better careér incentives for inteﬂigénte L5 being made, and we
strongly endorse thal fim-t Inthe past, we gre mformaé there has been a genersl feel-
ing that “almost anyons can be an (ntelligence office man who !aileri - a navigator
after months of training, might find himse}.f tranaferred to ‘mtemgenca where he was ex-
pected to make good with no tra.mmg/ ‘ o

WE recommend that the introduction of better career Incentives for tritelligence persunnel be
accompanied by & systemofselectionand training that matches the program {or flyingpersonnel.

WE could nck;ftuhz‘ive made this study without becoming aware of
RESEARCH AND QEVELC}PMEAT a very gensitive problem in Air Force mtelllgence and recon~
‘‘‘‘ paissance: how best to organize and manage ilg research and
development. We understand tlus is an old and controversial problem, that the Alr Force is |
intimately familiar with it, has studied it and is now set to apply remedies. This Report
would Be incomplete, however, without a few words on the subject as this Study Group has

ORGANIZATION FOR

encountered it.

WE have beer told by our briefing and liaison officers that many of the leading propaosals in
this Report have repeatedly been urged bemre. in one form and degree or ancther. Kight
and bad-weather capability, Iugh«»resol;tion ‘radaf, stmdardized camerasg, integrated
reconnaissance vehicle packages" - thege and many ottiers have been recurring "musts®

”~ | SUMMARY
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on someone’s eager list. But the task of overcoming the enormous inertias of a big mili-

tary organization remains too obstinate, and these projects do not get done.  We raise the
question, then, whether it is enough for a group like this merely to make one more series

of specific recommendations.

THIS grouap is not competent to suggest administrative reforms for an Air Force manage-~
ment problem. We can, however, give our warmest support to the elforts now in process
to solve it. Two possibilities suggest themselves, First, the organization has bacome so
complex that there is now a lack of rlose communication between the two groups most im-
mediately concerned: the scientists and industrial producers on the one hand, and the
military planners and end users on the other. It has been said that research and develop-
ment planning is a process of cross-fertilization which operates best when the one group
asks in effect, "What do you need?"”, and the other asks, "What can you produce?’ Then,

by the interaction of these two elements, a third element is germinated - a military
requirement ~ which neither group could have created by itself. As things mow stand, this
feedback process is the exception where it should be the rule. Deveslopment for intelligence
and reconnaissance has to travel a long and hazardous route through military channels,
where layers of intermediaries separate the creator from the user, inevitably interposing
their awn ideas and confusing the process. We need a way to provide clear direction in de-
velopment planning, and flexible, direct two-way communication between the persons most
concerned with development and the persons most concerned with the present and future use

of its products.

SECOND, as we see it, there is a need for a more closely knit over-all program control
for research and development, with well-defiped functional objectives in the intelligence
and reconnaissance fields {such as night and bad-weather capahility, pre-D-Day capability,
gtc.). With a clear sense of direction, with management applying itself vigorously to inte-
grated planning, it cught to be possible to come to grips with thiz vast and complex organ-
izational problem and to correct a dispersal of effort which often confuses essentials

with projects of marginal value.

DGES not this all add up to a management prohlem of formidable size, which, if seized
firmly, could pravent iraportant deficiencies in these fields from becoming chronic?

SUMMARY

13




CHAPTER 2
REORIENTATION QF THE AIR FORCE INTELLIGENCE EFFORT

In the course of its travels, briefings and discussions, the BEACON HILL
Study Group picked up a variety of impressions - some probably reliable, others perhaps
questionable. Although most of them concerned the detailed technical ingredients of Air Force
intelligence, we occasionally faced up to the type of issue in which perspective is of more con-
sequence than inventiveness - namely, the over-all cast and character of the intelligence ef-
fort. In the course of time, we acquired certain convictions about these broader matiers. We
cannot, of course, prove their validity. But, because they concern problems of great moment,
we set them forth in the paragraphs that follow, They are in the nature of "working con-
victions® -~ of the sort that colors our Judgment on many of the issues raised in this Report.

it appears to us that the big push in the present intelligence effort is in the
direction of pelishing up cur knowledge of the industrial layout and its supporting facililies in
the 10, 8.8. R. -Although this program is well designed to further the affectiveness of one of
SAC's missions - the "strategie air offensive® - it provides less adequale support for SAC's
other two missions - counter-atomic force and retardation. Nor does it do much for the
counter-force mission of TAC, It seems to us, therefore, that a redistribution of effort is-in
order — one that will gear the intelligence program to the realities of the present situation, and
pay back fatter dividends for the dollars and manpower invested,

How the present program got fixated on industrial targets is readily under~
standable. ~There seem to be two factors involved:

{1) As of a few yeargago, this orientation on strategic

targets made sense in.terms of relative weapon ca-
pabilities;

{2) Information on strategic targets has been relatively

easy to come by.
Let us examine these two factors more closely.

So long as we alone had the atomic bomb, we were in the happy civrcwmstance
of being able to ignore the enemy’s military potential. If we could strike with atomic bombs
while he struck back with TNT, we could be reasonably assured that it would be "no contest.”
Under ground riles such as these, our power to obliterate the enemy's industrial strength
could be decisive, and what the Air Force needed from intelligence, therefore, was strategic
target development, But'the ground rules are now altered by the fact that both mations are
stockpiling atomic bombs, and the game becomes more serious, It reduces o basic weapons
against basic weapons and striking force against striking force, and our problem now is to ward
off a knockout-in round one in order to come out for round two.  Information about the enemy's
factories would help less at this stage. Information about his' military forces would help a lot.

It can beargued that data on military force and basic weapons are hard to
get, whereas industrial data are reasonably accessible. So why not make good use of what we
have? The danger of this argument is that it might lead us to mistake circularity for progress.
We might get surselves in the pesition of saying we will use our bombs to hit industry because
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that is what we know most about, and we will ferret out more and more facts about industry
because that is what we can hit. Clearly, however, U an enemy knocks oub-our own striking
force while we are trying to smash his rear areas, we may not be able to stand up for round
two.

Intelligence in 'support of counter-atomic operations and retardation is'in
short supply. A reasonable "guesstimate, * derived from the briefing of the BEACON HILL
Study Group by the Directorate of Intelligence, is that the operational adequacy of the intel-
ligence coverage for the thrae classes of targets is as follows: sirategic, 80 per cent; counter.
atomic, 50 percent; retardation, 10 per cent.  We recognize that these percentages are but
rough approximations, and that the figure of 90 percent for strategic coverage dees nol mean,
for example, that 8Q per cent of all the problems involved in delivering bombs on strategic
targeis have been solved. This figure suggests that we at least know the location and general
characteristics of about 80 per cent of the potential strategic targets in the U.5,.5.R. But
regardless of the guestions that might be raized aboul these estimates, their general trend
shows in what respects the intelligence program needs attention, and in what areas we might
expect the greatest returns from a stepped-up effort.

{t is probably reasonable to assume that military intelligence has its own law
of diminishing returns. It iz relatively easy to get & ceriain amount of information on a given
gubjeet, but no magnitude of effort will ever assemble all the knowledge desired. We never
reach 100 per cent operational adeguacy, Translated into graphical form, these facts suggest
a curve shaped something like that shown in Fig. 2-1. There we see that information on strate-
gic targets may have reached a state of adequacy where a further small increase will cost a
lot of work; it is already up to where iis curve appears to be flattening out.  The othertwo
fields, howaver, are presumably down on the steep part of their cirves where a rich returnin
information can be had for a ralatively small boost in effort. " Whatever may be the detailed
shape of the curve, the general principle of dimirishing returns {s certainly operative, and,
with only a finite collection capability at our disposal, it is evident that a reallocation of effort
is in order.

. If & greater part of the Alr Force intelligence program is directed at
gecuring counter-force intellipence, with a reduction (if neceasary) in the effort devoted to
strategic intelligence, there will be a greater rate of return per unit of investment.

Counter-force intelligence iz, admittedly, hard to get. How should we go
about {t? The first step, it seems to us, {8 one of decision. We must decide what information
we want an what subjects in what priority. . As outlined in Chapter 3, these decisions could con-
ceivably be achieved in an orderly fasghion with the aid of appropriate check lists of intelligence
purposes, intelligernice data, and intelligence-collection means - all three integrated with the
help of numerical-rating procedures, After some such methed has established intelligence
priorities, the next step is simiply to get the intelligence machine lacked onto matters of first
importance, and off matters of less consequence.

Such a reorientation of effort will properly call forth two modes of imple«

mentation.

{1} Already-existing sources, means and techniques will be
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"reinstructed” - reariented toward the task of higher priority.
If the working conviction of the BEACON HILL Study Group
holds up under more rigorous scrutiny, this repointing of ef-
fort will be in the direction of acquiring more counter-force
information, which will then become the focus of attention

for all existing agencies and activities: defector program,
message analysis, literature analysis, secret agents, friendly
travelers, etc.

Information sources and sensing means will be pushed to high
developmient or discarded according as they promise returns
in high-priority intelligence. If what we want most to keep
track of is the basic weapons the U. 5.5, R. has ready and the
basic forces built up around them, we must bear down on
sources and sensing technigques that will tell us these things.

s
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TRATEGIC

¢ COUNTER-ATOMIC

X RETARDATION

RELATIVE COLLECTION EFFORTS

A curve suggesting the manner in which the operational adequacy of in-

telligence information increases as a function of the effort expended on collection.
The positions on the vertical scale of the three labeled points are "guesstimated. "
Their positions relative to the horizontal scale are not commensurate, ie, a
separate effort scale would be needed for each.

On this point, the Study Group has a particularly strong working conviction.

Granted that the defection of the Polithuro is a negligible probability, we need a technique,
operated by us and at our volition, that will pierce the privacy of the Iron Curtain, and do so
without stirring up the political tempest that might attend physical violation of Soviet borders.
With these requirements in mind, we have reviewed the basic sensing techniques (¢f. check
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list in Table V of Chapter 3) and we canclude that the most promising pctantxal Lies with the
continuing surveillance of radio and radar ernisswns _We urge the fullest possible exploita-
tion of this technique. As set forth in Chapter 4, we have in mind here, not the exacting art
of message -content. analysis, but the simple determinanem of what emissiona take place on
what approximate frequencies at what apprommate Eoca.:ions. -Modern armies rhust talk by
radio on preassigned freqnenmea.’ Radio radiates - even through curtains ~and therein, we

‘believe, lies our opportumtm

In the face of growing Soviet force capa):n}zties, more in~
telligence effort is required on t!m\gnam;}y and quality of

 basic Soviet weapans, and on the composition of basic
Soviet forces, at the expense (if necwsary} of the effort
devoted to indugtrial mteliigem:é, " :
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CHAPTER 2
A METHOD FOR ESTABLISHING THE RELATIVE IMPORTANCE OF INFORMATION

A. "THE PROBLEM

It appears imperative to the BEACON HILL Study Group that the intelligence
activities of the Air Force be guided at all times by a statement of priority of the subjects about
which information is sought, together with a corresponding statement of the priority order in
which specific information is desired on those subjects, This problem is extremely complex
because of the many factors involved and because no one factor is readily susceptible to exact
measurement. I[n spite of this complexily, ways and means must be found to permit us to ar-
rive at a sound solution to the problem of priority of subject and information.

Priorities get set in two ways: by the exercize of human judgment and by dex
fault. If explicit judgments and decisions are not forthcoming at the appropriate time, default
takes over. Miscellaneous and irrelevant considerations then become the determiners, and we
end up with a set of de facto priorities. Difficult as-the problem of decision may appear, we
believe that it is better to exercise the required judgment than to leave priorities to sccident
and to the competing interactions of special interests. . We believe also that the problem of
relative priorities can be solved more easily if those who do the hard thinking necessary to
judicious decisions enjoy the benefits of a gystematic method. Suggestions for such s method

are the subject of this Chapter.
£

In the field of Air Force intelligence the adoption of a clearly
understood system of relative priorities of requirved informa-

.

tion wiil prevent dispersal of efforts and will lead to higher
intelligence returns for the time and money expended.

A consideration of the priority problem leads to the conclusion that four
main factors influence the priority of the information sought:
(1) The time at which the intelligence iz needed " "
{2) The end-use for which the intelligence is needed Use™ factors

{3) The subject about which the information is sought A " .
{4} The nature of the information desired nformation’ factars

What we are looking for is a method by which these four factors, divisible in- .
to two groups, may be made to interact in appropriate ways in the determination of intelligence
priorilies, Since more 'mechanical® methods are not available, the specification of the nature
of these factors in terms of descriptions and check lists of ingredients, and the weighing of
their influence and importance {n the priority picture, become of necessity a matter of human
judgment. Human judgment about ¢omplex issues can usually be made. easiec with the aid of
simple "tools of thought” such as classification and quantification. In the present instance,
these tools of thought might well take the form of check lists and numerical-rating procedures,

The esgtablishment of proper priorities is based perforce on
hurnan judgment. The exercise of this judgment can be




facilitated by the systematic use of 4 well-conceived method,
involving appropriaie check listg and numerieal- ra'f.ng pra-

cedures.
B. THE TIME FACTOH

The question of the time at whmh the *n:ellxgnnce is needed {nvolves both real

{or valendar} time, and time in relation to D-Day (D-Day minus 30, efc,,). It becomes neces~ -

sary, therefore, to consider these two time scales in any evaluation of priorities. The classi-

cal time seale of military planaing rfefé%s wa hypct’heﬁqal 'D»Day,v'?énd plans and programs are
laid out in relation to that day. Thas we say that final readiness and initial dej:lnyment should
oceur in the period between D-Day minus 30 and D-Day: and we say that the force-programing
actions faken at D-Day minus 3 years produce the force available for combat at D- -Day. Since
all these functions are referred to an unknown D-date, they are not determined in real or cal~:
endar-time. Prior to D-Day, all functions must go oo concurrently on ﬂm zssx:mpnon that the

real D-Day will oceur sum.czemly in the future fo permit thé action heing taken t6 be effective.

-It is only at the actual D- -Day that nulitary planning time and calendar time are trought into

eoincidence. Hence, it appears tlmt. for purposes of evaluatmm D+Day becomes a critical tzme
fix for the entire military establishmient, and we accordingly divide our. exmluauon into fwo '
separate time-perigds « pre<D-Day and p@sz Day ~ on the assumptmn that we ‘ghallat least
krniow which of these two periods we are in, and can govera curselves acccrdmgly Qur evalua~
tion will therefors be undertaken as two separate and mde;:endem evaluations, cove»mg the two

major time periods.

-

érhe determmatwn of miei}iﬁ'ence prwrztz,a& must take acocount
of the time at which the intelligence is needed. ) The two major
time periods, pre<D-Day énd pogt-D-Day, call for two differ-
ent evaluations of priorities. :

C. USE CATEGORIES

_The end uses’ served by intelligence are many and varxed. and tao numerous
to list individually., On the other hand, if we are to evolva a system for eslablishing relative
priorities of information, we must categorize end uses i some manner cozwement for the '
evaluation process. It turns out that large numberﬁ of end uses can be assembled inte gharac-
teristic gmupmgs, For sxample, intenzgam:a is used xmportanﬂy to assist {n the establishment

of our international diplomatie pasture, to &erve as a basis for pregraming foreign aid, to

guide us in our treasty relations, fo serve as a basis for the national budget structure, and to
answer a myriad of other specific and detailed purposes. ‘What is required for all ;hese pur-
poses is, roughly, the same kind of information on the same sub]ects. which means that we ¢an
group these purpdses under one characteris'x: heading ¢alled *high- ~level pahcy and programing
By pursuing this concepi, we can establish a relatzvel; small number of end-use groupings to
serve 35 " use” categories in the process of esta.bhsmng the relative value of information for
any one use dc for Yall uses. ®

preparmg use ca!agones far the Iater evaluauan of information, we found
it inadvisable to try to set up categories all havmg equal. memmmce. On the other hand, we
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have tried to set up a list of use categories. each of which covers an lmportant and character-
istic area of intelligence requirements, and all of which taken together constitute a reasonable
approximation to all uses. Then, in order to reflect the relative importance of these various
use categories, as they are served by and are dependent on Air Force intelligence, we have as-
signed to each category a numerical weighting factor proportional to the relative importance of
the category.

The list of use categories presented in Tables 3-I{a} and 3-[{b} will serve as an
illustration. It is an attempt at a single master st of use categories covering the entire time
spectrum from long before D-Day (e.g.. research and development programing) to long after
D-Day {e. g, target assault}. “Although this list contains some items peculiar to pre~D-Day
conditions and others peculiar to post-D-Day operations, many categories are ¢ommon to both
periods but have different degrees of imporiance in the two periods. Consegquently, weighting
factors expressing relative importance have been assigned to each category independently for
each of the two time periods. . Categories not applicable in a particular time period are simply
assigned an importance value of zeroe for that period. Cafegories of greatest importance get the
highest weightings and those of intermediate importance get lower numbers assigned to them.

It is not'suggested that the list of use categories drawn up in this study should
be adopted in toto by the Air Force, nor is it suggested that the numerical weighting factors we
have assigned are correct.  What is suggested is that the procedure employed here offers some
promise of helping to solve an extremely complex and difficult prablem:” The Air Staff might do
well to agsign to those categories its own numerical welighting factors of relative importance,
substantially in the manner outlined.

£ The end uses served by intelligence should be grc:uped into
"use categories” and assigned a weighting factor represent-

ing their relative importance in different time periods.

D. INFORMATION CATEGORIES

With a working list of end uses in hand, we may next consider the kind of in=
telligence needed to serve these uses. Here we find curselves again involved with more than a
single factor. It appears that the question we are trying to solve might be statgd thus: "W;hﬁ
information do we want on what subject with what priority? ¥ Bince it is the priority we are try-
ing to determine, we can leave it for later resoclution in'order first to come to grips with the
two factors:

- {1y What subject do we wish most to kngw about?
{2y What information do we want most about that subject?

A3 with the end usgs, we need to reduce a vest array of subjects to 8 manage~
able number of categories.. One way to do this is to place in a category all those subjects about
which the same information is sought. This permits us to set up a workahle number of catego-
ries, each embracing many specific subjects about all of which we ask the same guestions,

In order to'illustrate the nature of this problem, a list of information catego-~
ries ig presented in Table 3-1I. It will be noted that under each category the detailed subjects
about which we wish to know are listed first, and below them are listed the kinds of information
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we seek about all subjects in that category.

Consider as an example a particular category in Table 3.1, say, Transport

Systems {Netsi. which is one of the four categories included in the group covering Basic Trans-

portation. Under Transport Systems. we find three main subjects about which we want to know

something:
)
{2)
3

Rail Lines,
Moior Roads,
Warer Routes.

Each of these is in turn subdivided, but the reason these three main subjects

are grouped into a single category is that the same set of questions can be asked about each of

therm, Thus the nature of the information sought on pach of these subjects is listed as:

(1)
(2
C3)
(%)

Identity data (type. location, ete.},

Characteristics data (physical and technical layout, system aspects, etc.},
Activity data {traffic rates, type of use, etc.),

Defile data {choke points, bridges, tunnels, elc.}.

In other words, these questions asked about these subjects consiitute what we call an "informa-~

tion category.”

The subjects on which intelligence is sought and the nature

of the information required on those subjects should be col-

Iated into workable "information categories” suitable to the

evaluation process.

E. THE EVALUATION PROCEDURE
Having arranged the use factors and the information factors involved in the

problem into two lists of categories, we are preparsd to bring them together in the actual pro-

cess of evaluating the relative imporiance of information. The basic notion is to assign a rela-

tive-value number, on some suitable scale. to each category of information desired. This is

done for each use category separately, and then, by summation of these detailed value assign-

ments, the relative importance of the information categories is established for "all uses.”

In ocur attempt to work out the method, we proceeded as follows (see Tables
311 and 3-IV. On a large sheet of graph paper, the "use categories” were listed across the top,
with one category covering one columnar space. Under each use category we placed the "rela-
tive-importance weighting factor” (taken from Table 3-I}. Down the left-hand side of the chart,
the "information categories™ were listed, with one eategory covering one line space. Each

square resulting from one column and one line space then pertained to one use category and one

information category. After some experimentation, a scale of one to 20 was adopted and used
throughout the detailed build-up of the charts. COne use category was considered at a time. The
number 20 was assigned to that information category that would be of maost value for the use

under consideration; the number one was assigned to the information category that would be of

least value for the same purpuse: and all other blocks in the column were filled in with numbers

between one and 20 [in such a way as to reflect the relative importance of the various categories
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of information for the purpose under consideration). This process was i-épaated for each use
category. Separate plotting charts were used for the Pre-D- ~Day Period (Tables 3. III) and the
Post- D-Day Permd {Table 31-1V); these were fillsd in mdependenﬂy of each other.

“The next step Ln the procedure was to take account of the welghting factors
that reflect the relative 1mportance of the ggveral use categories. The numbers {on the scale
of one to 20) entered in the culﬁmn under each use category were multiplied by the weighting -

factor at tha head of the column in order to combing ;he two factors - relative importance of

information for a given use and relatwe impurtance of !he uge, ‘la this way, we form a basis
for establishing the relative ;m;mrzance of information for "ail uses.”

Then If we add all the wexghied nambers for each mformatiou category and
divide by the sum of the weighting factors {from Table 3Ya: or EN{E we get a numerical impor-

tance rating for each information category for all uses. The :ela*we magnitude of these num-
bers is & measure of the relative importance - or mtelhgeacﬂ va.lue - of the various informa-
tion ca.tegcries, and indicates a priority system for our mrelhgence effort. By referrmg back

to Table IL, we can ooy see “what specific sublecis are coniained in'a: ca‘egnry ofa gwen prmrity
and what information is wanted about them. e :

“Tables 3-11 and 3-1v are sam;:le work sheets mustratwe of the form and pro-

‘cess gsuggested. It must be empmized that the BEACON HIT.L Study Group does not believe that

the use categories or the information categories outlined in Tables 3-1and 3-II are necessarily
correct, or that the numbers appearing in Tables 31, 3.1, and 34V are valid. We are certain
that neither the categories nor the numbers reﬂect the axgeriemz ami the considered judgment
of the Adr Sta.ff What'we do believe is that ‘
1)y A method must be found for the systematie and ccmtixmous evaluaﬁion g
of pi—ﬁbritﬁes of information desu‘ed, and ;
{2) The mezhad outhhed herein ean be edopted and uged at once; as a
‘ starter, in the evoluﬁanci betier md gounder procedures for priority evaluation,

In order to see what the outcome of this procedure might look like, let us ex-
amine maore clasely Tabla 3 Ill(this is for the pre-D-Day condition}” Under each use caxegery
is listed a weighting factor giving its relative pre-D-Day importance. ‘Some parposem like 5
target assault, battl,e -area mapp‘ing; ete., are not relevant for the pre~D-Day pericd, and their
importance is thersfore rated zero, AS shown by the weighting factors, the purpose or'end use
served mosi impertantly by intelligence in t}us time perfod is judged (by us only, not necessar-
ily by the Air Staff) to be Final Readiness and Deploymem. This ¢atégory is rated 5 in relative
importance as an end use for Alr Force intelligence. - A broad eategory Uke High Level Poimy
and Programing may conceivadly be intringically more important, but, since it is not s0 depend~
ent on Air Forge mielhgencex we have given it a weighting factor of 2. In other words, the
weighting factors attempt to reflect-bath the basle importance of the end uses and the degree to
which they are critically dependent on intelligence in the n_me period under ¢onsideration.

. Now let us consider a single ugse category. Bay, Force Programmg {third -
eolumn in Table 3-1113 Its relative importance as an end use tor mtaliigema iz judged to be 3.

In the column under this category are listed the numerical ratmgs refleciing the degrea to which
the information categories, listed at the left. contribute to or serve the purposes of Force’
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Programing. There we gee that two categories, Basic Weapons and Basic Force, are both rated .
20. This means that, for the purpose of Force Programing, information on these subjects is
judged more irmportant than information on any other subjects. iInformation on Transport Equips -
ment is judged least important and is rated one. These two numbers, 20 and one, define the two
ends of the scale. Categories that are judged to be in importance half-way between the catego- .
ries represented by 20 and one are agsigned the number 10. We find three such assignments in
this column. The remaining categories are assigned values in proportion to their apparent rela-
tive importance, and the result ig a quantitative representation of the priority judgments of the
person who made the ratings.

With the entire table filled in, we are in & position to ask what the relative
priority of each information category is for all uses combined. Each entry in the table iz mul~-
tiplied by the weighting facter at the top of ita column and the resulting products are gummed
across each row. This sum {3 then divided by the aum of the weighting factors (27 in this case),
and the result ia shown in the 1ast column of Table JI. There we gee that, for all purposes taken
together, some categories of information are most important {in this example, Basic Weapona
and Bagic Force), whereas other categories, such as Transport Equipment and End Producis,
are of least importance. Other categories fall between these extremes.

A numerical rating should be assigned to the importance of each
information category for each of the various end uses served by

it. By weighting and averaging these ratings, the over-all rela« {
tive importance of different kinds of intelligence can be deter- E .

.~ F. THE EVALUATION OF SENSING MEANS
‘ With such a table available (and with a better set of numbery filled in by judges

who are maore competent in these matters), we are in a positicn to determine what it is most iujv
portant {o know about what. We can then proceed to other decisions. In particular, we can apply
an analogous rating procedure to decide on the relative effectiveness of various "sensing means.”
[n other words, we can compare the available methods for gathering intelligence in terms of
their intrinsic effectiveness, weighted by the relative importance of the information they might.
yleld. :

We might proceed as follows. We make up other charts like those in Tables
IT and IV, but we put the Information Categaries across the top and Basic Sensing Techniques
down the side. An illustrative checklist of these techniques is presented herewith in Table V.
As weighting factors for the information categories, we use the numbers in the right-hand col-.
umns of Tables III and IV {or the pre= and post-D-Day conditions, respéctively. Then we con-
gider each information category in turn, and for each category we assign to each sensing tech-
nique a numerical rating (on a scale of one to 20) proportional to the ability of that technique to
yield data relevant to the given information eategory. This, like the preceding exercise that
resulted in Tables IIf and IV, i5 an exacting intellectual exercise and must be performed by
those most knowledgeable and competent in the field.

Finally, if it is desired to intercompare the various sensing means in terms .
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of their capacity to yield impofdtant information on mﬁbrtant subjeéts. the numerical ratings in
the tahles may be multiplied by the appropriate weighting factor (impbrtancekai’-inio(rmation
caterory as derived from Tables 3-II or 3-1V), and the results for each sensing means may be
summed up and divided by the sum of the weighting factors. The resultingnumbers then provide
a guide to'the relative importance of different sensing means for the production of Air Force
intelligence. : i r:

Time did not permit the BEACON HILL Study Graup to.earry through an iilus-
trative example of how the complete table of priority ratings for sensing techniques might look,
but we can foresee no insurmovntable difficulties in the task. Needless to say, however, not.
only wiil such a priority- generatmg procedure need to be worked ot in the perspect?ve af all the
relevant {actors currenllj operating, but Lt will need 1o be periodically rensed iy the light of
new deve:lopmems in the state’of- the’:art,and naw exigencies {n the international situation.

The numevical procedure of gricsnty raimg may be extended
to the evaluatwn of the reéative effectiveness of various ‘séns-

ing mea.ns.

8o rmuch ft:r what we canceive to'be the' basic natere of a possible method for

astablishing the relative impartance of mformamm and the means of obtaining it. The proce~
dure outlined ean be thought of as an aid to the exemxsa of JuQEment *‘mmscmg charts” ‘we 1
sometimes call them. Admxt*edly, the num.bem in these charts and tables’can be no better than
the thought and wisdom of the ane who constructs them and fills them in. Consc;emmus;y corm -
pleted, howevar, the tables have the chvioug merit of vealing na quantitatm& fashion the
real nature of the opinions and conviciiens of the ra.t_er, It wmid be gmfem}:sm, of course, if
& is none; and in our opmien

there were a method that did not rely on human judgment, but
there can never ba a method of priority Maigmants Lhat‘, dispenses with humw thougnt. The

interacting, mul*ifaeeted factars ~ the stuff that pnonty ;udgmem‘a are made ‘of. What we need
is ta figure out gxmmicks;; props, . and procedures that will }*elp the mind to do its imegratmg
mare reliably. o : o . SR :
G. FURTHER CONSIDERATION S
" Although rauch more could be said about the diff,c ulties ‘and pitfalls of a
method such as is here proposed, weg should hke to comment on two of the more abvioas aspects
of the business.
i. Categories L R
Listz of end uses. kinds o! Lmurmaiizm, and means of acquu'mg it do not
comae readwmade. They have to be assembled and’ retined into manageable gmupmgs and
categories by careful surveys of th relev:m: facts., The conclnsmns demvable from a chart - s
like Table 3-If are clearly senaitive 1o the nature of the categories appearmg alang the borders.
The categories in turn must be capabie of specification in donefete detail. as we have tried to"
illustrate inour partial breakdown of the "information categorxes " (Table 3-H). Wae {eel that
some of the categories we might have aszed, such as *Soviet Intentions” as: ‘an informaticn cake-
gory. or "Prevention of Technological Surpnse ag an end -use categcry, cannot readily be
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pinned down to a iist of concrete components. Technological surprise is astomatically prevent- .
ed if we have intelligénce adequate to sarve such other use c&tegaries as Research and Develop-~
mernt, Determination of Assanlt Conditions, Final Readiness and Deployment. ete. These and
other end uses are not properly served uniegss we know about Soviet technical achlievements, cur-
rent and forthcoming; and if we know these achlevements we are not going to be very much sur-
prised technoiogically

Soviet Intentions, as an {nformation category, seems 10 us to have the disad-
vantage that it is not a set of facis bu! a series of deductions. The verifiable facts consist of
what the Soviets have and what they do with it, What! goes on in their minds - their hopes, fears.
and ambitions ~ may be of psychiatric interest, bui thess "psychic contents” need concern us
only az they manifest themselves in actions. 1f a man siicks a gun in cur ribs. we dedece his
intentions and take action without worrying about whal really gees on in his mind, Maybe he
thinks he is only joking, but we are justified in gur self-defense. Wars have been started by
people who did not *intead® to fight, and would-he Napoleons have "irtended™ to conquer the
world without having the arms to do it

No doubt, the Sovies "imtend" whai most peoples have always intended:

(1} To survive,

{2} To keep what they have,

{3} To grow in strength and prosperity,

{4} To be stronger than their potential enemies,

(3) To persuade others of their good qualities, k

(8] To fight if necessary. .

These intentions we can take for gramted - for us, for the Soviets, and for
most other nations - but what makes one nation's so-called intentions interesting and another
nation’s of Hitle concern is the military force available 10 back them up. Argentina may "in-
terd” to dominate the Western Hemisphere, bui we will probably not pivot our policies arocund
the Argentine issue until intelligence discloses that the Argentine is bristling with airplanes,
tanks and munitions, backed by a productive technology. '

We start.then, with facts about weapons, munitioms, forces, produciion facii-
ities,transport facilities,and the like. and [rom these facts we deduce intentions - implementable,
utignorable intentions, But we start with facts, not with mental attitudes.

2. Numerical ratings
The use of the proposed methnd calis for the assignment of numbers to things

that cannot be measured by yardsticks of the ordinary sort. How do we attach numbers to
sormething like relative importance? Problems in this field have been extensively expliored in
psychological laboratories® and the outcome can be most succincetly expregsed by saying, “you
put numbers on such thinga simply by putting them on. ® We all use adjectives freely - good,
had. better, worse, important, top-priority, A-I, snafu, etc. ~ but we seldom try to translate

*for a fuller treatment of these problems, and of scaling procedures in general, see S, 5.
tevens, Handbook of Experimentsl Psychology, Chapter ! {New York, Wiley, 1851}
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these adjectives into positions on a seale of ‘satnething or oihexu Being snaccustomed to it, we
may tend to think it is impossible, but a little practice with the procedure ‘soon shows that it s
quite feasible ~ and often very revealing, When we must struggle with the descnptwn of the
complexities in an ares like that depu‘.ted in Tables III and 1V, "it is far easier to wrestle with
numbers than with adjef:uves. o , ,

The choiee of a scale for rating relative Imporisnce is basically arbitrary,
but certain considerations apply. It will be noted that we chose a seale from 0 to 5 for the
Q?:I(b). This scale needs a

weighting factars attached to the end-use categories of Tables 3-I{
zero to reflect the fact that some uses are not operative pre-D-Day and that some are inconse~
quential post-D-Day. For the rest of ihis scale; we can get along with small numbers because
the differences among the use vategories are not large. As a matter of fact, we first set dqt: 1o
choose eategories that were all of egual Dmportance, bus it did nat prove practicable, and we / s
had to resort to weighting factors, ctors have the advantage, of course, that they can- .
be altered as conditions change. : ' .
For the main job of rating the infarmaucn categariexs we chese the scale one

1o 20 simply because we gni kéurselves accustomed to using ity The aumber of ‘categories on each
side of Tables 3-1i1 anﬂ 31V is not far from 20 and, in our earlier explormgs with different proce-

dures, we had tried out the method of se‘mng tha categories in & rank nrder by giving edctia
t.ug started
apply: the
gcale should uot have so few numbers on it that the rater sometimes feels that a category
really Hes half way between two values, say beiween 2 and % and the scale should not have so
many numbers that most of them never get used because the rater cannot-distinguish so finely.
The propar length of scale for a given problem can best be deterinined byitrial, and by what - .
the rater Hkes to wark with., ‘Remember that’the only pointto the rating procedure is tageta
true reflection of the rater's considered judgment, and that the rater needs every "break® we :

diffe rent mumber starting with one for the lesst important and’ going up. . This g

using numbers from one to 20.  In general, hawever, two consideraiians' ought

can give him.
, As peinted out above, we first explored the possibilities of uamg the method
of rank order, in which categories are merely arranged in g der of mcreasmg or decreasing
importance.  This leads to what is called an ordinal scale. This seale is sometimes easier to
achieve, but it is a "weaker" type of scale and has the disadvantage ﬁ'at simple arithmetic
operations, such as averaging, are not applicable to it. A category ‘rated 16 may be many
times more important than the next below it, but the one below it would still be rated 15> onan .-

ordinal scale. s .
‘We therefore went to an interval scale. With 20 assigned to the most impor-
tant category and one to the least important, an interval cale becomes possible in principle
provided the number 10 can be assigned to the category (if there is one) that appears to lie.
halfway betwégn. {Actaally, the mid-point between one and 20 is 10.5, but we doubt that the
hair needs to be split that finely.) Intermediate numbers then ge: assigned to intermediate
categories in a manner that reflects the apparent size of the intervals between them.

e have used ong rather than zero as the bottom of the scale, on the
assumptmn that no ca{e gory of information would ever be completely useless. Whether this
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practice introduces some minor degree of distortion would need to be explored by more exten~ .
sive analysis than we have had time for. Indeed, there are many details that need further ex-
ploration. but it is to be hoped that a concern for subtleties will not be allowed to obscure the

broad purpose of the method, which is simply to provide a rational basis for putting first things
first.




TABLE ¢

USE CATEGORIES

With Waighting Factors Giving Relative Importance

Use Waighting
) tactor
1. ' High-levs] policy and programing 2
2, Waorplanning 2
3. Force pragraming 3
4. Research ond Development programing 4
5. Determination of essoult conditions 1
&. . Finol reodiness ond deployment 5
7. Arec davelopment {Strat, Aie Offensivel 3
va(;zDuy 8, - Teorget devaicpment {Strat, Ase Offensive} 2
> ¥, Torget assault {Strat. Alr Cifensive} Q
10, Air Force deployment development 2
11, Countar air force target development 2
12, Counter gir force torget gsseult 0
13,  Ground force deployment developmant 2
14, . Tocticol torget and sres devaiopmant 1
15, Tacticol target nesaulr ¢
16, Moviag target develspment and assoult a
L 17.7 Buottle oreo mapping g
Sum of Weighting Foctors 27
Use Weighting
foctar

1. High-leval policy and progroming

2,  Worplonning 1
3. Fores programing

4. Ressorch and Development programing 2
5. Determination of masault conditions o
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7. Arep developmant {Strot. Alr Ofansivae) p
Pasffg}-Dcy B, Targat devalopment (Strat. Alr Offensive} 3
9, . Target sezault {Strat, Air Offensive) 2
10, Air Force deployment development v 5
11 Courter Air Faree target devalopmant 4
12, Counter Air Force turget ossault K|
13, Graund farce deployment developmant 4
14, Taetical target and ores devalepmant 3
18. Tactical torget ussault 2
16, Moving torget development ond ossault 1
17. Bettle ored maopping 1
Sum of Weighting Fuctors 33
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TABLE ¥

A CHECK LIST OF BASIC SENSING TECHBNIGUES

A » Uirect Sensing Media
1. PHYSICAL POSSESSICN

2. DIRECT VISUAL OBSERVATION
a.  Jur air crews
b. Other official observers
c. Unofficial observers
d. Other visual shservers

3. REFLECTION OF NATURE-PRODUCED WAVES
a. Nawural Light Reflecdon
(Daylight photographyl
b. Cosmic Ray Reflection
c. Other Wave Reflection

4. BREFLECTION OF MAN-PRODUCED WAVES
a. Electronic Reflection
b. Light Reflection
(Night photography)
c. Hear Reflection
d.  Other Wave Reéflecrion

5. DISTORTION OF NATURAL FORCES
a. Magneric Distortion
b.  Gravity Discortion
c. Other Force Distortion

8. EMISSION DETECTION AND ANALYSIS
a. Telecommunication Emission
b. Heat Emission
¢. Electric Power Emission
{taducrioa}
. Noise Emission
« Light Emission
Chemical Emission
Radicactive Emission S=welisg
Other Emissions

Adr snd Warer

N

d
e
£
g
h

B - Indirect Seasing Media
7. P‘ERSGNAL KNOWLEDGE DETECTION AND ANALYSIS

Gadivides] Invesrogarion Technigue)
a.  Friendly Travellers
b, Emigrees
c.  Agents and Resident Defectors
d. Non-resideat Defectors
e,  Residenrs
f.  Others having, or having access to, special knowledge

8. TELECUMMUNICATION MESSAGE CONTENT ANALYSIS
a. “'Clear” Message Analysis
b, Cryprographic Analysis
¢i' Other Megsage Content Analysis

9. TECHNICAL LITERATURE CONTENT ANALYSIS
10. OFFICIAL DOCUMENT CONTENT ANALYSIS
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CHAPTER 4
SURVEILLANCE OF RADIO AND RADAR EMISSIONS

NOTE: Radio and radar intercept are jointly discussed in
this Chapter because the proper exploitation of both in Alr
Force reconnaisgance operations can provide important in~
formation on enemy strength and deployment. Because of
special clearance reguirements, the BEACON HILL Study
Group was not briefed on Air Force activities in communi-
cations intercept, and on only those aspects of electronic
warfare generally that are not limited by classifications
beyond TOP SECRET. The group was assured that its sug-
gestions would be welcomed in all fields, but it must be
understood that in radio intercept they were formulated
without knowledge of current operations.

A. INTRCDUCTION

This Chapter is concerned with the technical means for exploiting one of the
gources of intelligence provided by enemy radio and radar transmitters. We shall discuss here
an aspect of electromagnetic surveillance distinct from the specialized ferret operations now
carried on by the Air Force. Where ferret intercept seeks to determine the information con-
tent and the type of equipment used ~ in short, to analyze the emissions ~ we propose methods
for gsearch and broad-band interception.

A military force uses radio for commaunications; it uses radar for air defeuse;
it may use radio emissions of various sorts for gpecial purposes such as navigation or missile
guidance. Any such activity, if we are able to detect it, is a direct, immediate disclosure of
an up-to-~date fact about military force and its deployment. As pointed outin Chapter 2, it is
precisely this kind of information that is most crucial, and in shortest supply.

We believe the radio communication activity of enemy units is the most im-

portant electromagnatic source of information needed to put together a picture of the-immediate
strength, deployment and intentions of the opposing military force., This is true even if we ex-
clude mesgage content. Obviously, mesgage interception and analysis. considered as distinct
from the detection of a radio transmission, can yleld valuable intelligence of the classical va~
riety, but that is not the subject of discussion here. In the past, {t has not been so obvious that
the bare fact that a transmitter at a certain place was on the-air on g certain {requency at a
certain time is a plece of information that can'be assembled, with hundreds of similar pleces,
into a revealing pattern.

We are faced here with a curious anomaly; a single piece of information to
the effect that a single tranamitter emitted a given signal at a given time and place means noth-
ing in isclation; but a-set of properly collated bits of information regarding n transmitters emit-
ting n signals may neatly disclose what the enemy is doing. Military forces cannot operate
without talking, and orderly communications require an orderly assignment of transmission
frequencies to meilitary units. “The continuous surveillance of the use of these frequencies and
of the day~to-day changes in the pattern and location of transmissions will provide a large
measgure of our required information on the enemy's force and deployment.

In much the same way, the detection of radar transmissions contributes to
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the estimate of enemy strepngth and deployment.. Here again, [or assemblmg a picture of force

disposition, for discovering unsuspected concentrations of air defense, for estimating the ene~
my's investment in basic radar equipment and the like, an elaborats and precise analysis of
each radar signal is not needed and is not, in fact, desirable. We want many independent

pieces of information, gach of limited content. Although this seems to'us ‘pérhaps the mosgt

important, -and certainly the most neglected, aspe¢t of radar mtércepti‘en, it iz not the only one.

There is alsc the very important and specific task of analyzing in detail the radar defenses of a

particular target against which an operation is planned. This task needs to be done before the
attack, in order to plan the attack and prepare suitable countermeasures; and it needs to be

done during the attack in order o use the countermesasures eﬁ'ectiée}y, ~All this is the electronic

countermeasure (ECM) function of radar interception, “Finally, radar interception, indeed
radio-wave interception in general, is a way of guarding against technological surprise. We

need only recall the antisubmarine campalign of 1842 znd 1843, in which we were sble to contain
the threat solely because the German submarine force was unaware that microwaves we‘ré heing

used against it - a fact that could have heen dxscovered hy the o8t rudimentary and primitive

I‘ECEIVET«
Continuous and comprehensgive surveillance of radic and

radar emissions offers the most promising new means of
gecuring basic Soviet foree data. Observation of the patx ’

tern of radio and radar sctivity will reveal enemy airsmgth,
Cenemy depmvmenn and enemy intentions.

To make the fn‘uesvmg diammim elear, and 1o deéfine our nomt of view, it
will help to delimit rather dzstinctlv the three functions of radio and radar survelliance we
have just described: ’ C
- Function A: - éoliectiun of data revealing force strength and disposition

a0 {radio communication and radar transmissions);
Function B; — Analysis of radar target defenses {or countermeasure
 purposes {radar intercept, mainly).

Punction C: ~ Detection of new types of electromagnetic actlvity, such
as the use of entirely new wavelengths {surveillance of
the entire spectrum, inecluding those parts we have nét
ourselves exploited), .

Coliection, analysis, and detection are the key words here; each emphasizes the main purpose

of the respective activity., We are aware of several special functions that do not it reatly Lmder

any one of the above definitions, but these s‘wulﬂ not be dllowed to confuse the issue.

- All three of thege functions can and must be exercised both pre-and post-D-
Day. In fact, during the period before it is possible o peneirate enemy territory, radio and
radar surveillance will prove a rewarding technique, even thqugh‘mex are Iimité& te border
areas. A5 soon ag pénetration is in order, the full force of the teshnique can be brought to
bear. Since the various features of the surveillance problem are most clearly revealed in the

design of a post-U-Day capability, we shall first consider this aspect of the issue in the fallow-

ing discussion. Théreafter, we shall examine some of the ways in which surveillance
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procedures might be adapted (o the pre-penetration phase.

B. PRESENT CAPABILITY

The equipment in the Air Force's ECM program is the embodiment of a more
specialized conception of radar surveillance than that outlined above. It is not hard to under~
stand how this has come about. One reason, a natural and valid one, has been the emphasis on
the strategic hombing mission, in whick the radar-counter-radar battle is of erucial impor-
tance, Anocther reason, more or less historical, has heen the preoccupation, in the ECM field,
with superheterodyne receivers of high gensitivity, narrow band, and ever-increasing complexity.
Still a third reason has been the tendency to overlook the significance of random emissions in
favor of the precise analysis of sipnals: thus we find the intercept probability of a receiver

sacrificed in order to permit a precise {requency measurement for which no real need exists

in many important applications. For these reasons, and possibly others, we are left at present
with equipment capable of measuring very precisely the characteristics of a signal once it is
received, but having only 2 very slight probability of detecting any single random signal, This
equipment requires a large airplane to carry it, specialists to operate it and to interpret the
datz, and has no capability of gathering a statistically significant quantity of information of the
type required for Function A, This equipment makes sense only in terms of Function B, and
even for that purpose we suspect a belter compromise might be struck beiween complexity and
capability. Function C is one, among others, that the ferret equipment is intended to perform;

it {s inadequate to perferm {t. How inadequate can be indicated by peinting out this fact: not
until five years from now, according to present plan, will the Air Force possess any recelver
whatever capable of detecting radiation of frequencey higher than 10,750 Mc. In other words, if
the enemy should have fire-control radar operating on the 2.5-cm wavelength - a good wavelength
for the purpose, incidentally, the development of which would require only a slight scale-down

of 32-cm components - we would have no way of detecting its use against us, We would be pre~
cigely in the posiiion of the German U-boatg in 1843 ~ this despite the fact that a simple receiver
capable of detecting such radiation could have been congiructed irn 1545 from standard compo-
nents. We feel thal the lack of a receiver for the region above 10,000 Me is 2 serious gap that
must and can be plugged. We strongly urge that a few wide~band crystal receivers he built at

once - by hand, if necessary.

As for the radio intercept part of Function A, we do not know of any equipment
planned for that special purpose and able to collect, a5 a routine operation, data in the gquantity
required. An operatar with a conventional radic receéiver, or even a panoramic receiver, does
not fill the bill. What is needed is an unaitended receiver that will cover a wide band and auto-
maticaliy log signal frequency, signal direction, and immediate fight data. It may be objected
at this point tha! what we have just described has been the goal of intercept receiver develop-
ment all along, and that the ideal has not been atiained only because the technlcal problems in-
volved are so formidable. We believe, on the contrary, that there has been too much emphasis
on signal analysis, and too litile emphasis on signal detection and the estimation of radio com-
munieations activity.
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C. SURVEILLANCE OF RADIO EMISSIONS

We shall describe one approach to the problem of how surveillance of radic
activity might be done, not with the idea that it is the best or only way to solve the technical
problem, but rather to define the problem by giving a concrete example of a possible solution.
The example may also help 10 suggest how a reasonable compromise can be reached between
the demand for complete information and the need for reliable, adaptable equipment.

We want to be able to fly over eénemy territory and return with an easily in-
terpreted record showing the location and frequency of enemy transmmitters active during the
period, and the timesd and duration of their transmissions. That is the ideal. We recognize-at
the outse: that the transmissions of greatest interest will not be long-distance command com-
munications, but rather the shortsrange communication activity of loeal unitsy ground-to-air
communications at an airfield, and the like.

Soviet ground-to-air and air-to-air communications are believed to employ
mainly {perhaps exclusively) frequencies from 2.5 1612 Mc.* with a normal channel spacing of
25 ke. Litile sgems to be known about the application of higher frequencies to air communica-
tion, but, according to the report cited, there are established three gther systems of channel
assignment, namely: "System Two,™ 2.5 to 14 Mc, 101 channels of 115 ke width; "System
Three," 25 to 40 Mc, 126 channels of 125 ke width; *System Four,” 40 to 60 Mc, 41 channels
of 500 ke width. No information on U. 8. 8. R. ground-force freguency assignment has been avail-
able to us, but the above is perhaps a valid, if rough, indication of the territory we have to
covar in rovtine surveillance. "Of course, we must keep zlert to the use of still higher frequen-
cies. On the whole, the picture with fewer and broader channels is less diverse than that of our
own military radic commaunications. This simplifies some of the technical problems of sur~

veillance. : : . )
Let us consider the 2.5 to 12 Me band as an example. To simplily certain

radio~frequency (RF) problemd¥ it might be well to divide the band roughly into two parts. Let
us take the band from 6 to 12 Mo, and treat it as follows. Two separate antennas are connected
directly to two converters fed from a common local oscillator.: The output of the local asecll-
lator is amplified at a2 fixed intermediate frequency (IF) in & separate amplifier with a pass
band of about 25 ke (gse¢e Fig. 4-1). By sweeping the local oscillator only, we can thus scan the
6«Mc band gnd discriminate frequencies with an accuracy comparable to the channel spacing.
Actually, we are not interested in knowing the frequency of a given transmitter to this accuraey,
for we are not so much concerned with finger-printing the individual as with measuring the
activity of the population. We need io sort the channels meraly to reduce the probability of
being confused by simultaneous transmissions from two or more sources. Experience and ac«
cuwmulated intelligence may show that an even coarser division is accepiable.

The output of the IF amplifiers, with the modulation removed, is fed intoa
phase comparator. Since the relative phase of the IF signalsg is the same as that of the RF sig-
nals at the two antennas, this measurement of relative phase provides an interpretable bearing
determination. The result of the bearing determination is immediately printed on a tape,

*ATIC Report 102 EL 18/51-34,
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Fig.4-1. Schematic diagram of system for surveillance of radic emissions.
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together with a record of the frequency to ﬁvhic’h the local oscillator was tuned at that instant,

snd the position and heading of the aircraft. Witk; & bandwidth of 25 ke, it shoumbé possible to
complete the phase comparison, to the accuracy reguired, in no mdre than one to two millisec-
onds, and hence it should be possible to scan the 6-Me band in about one second. Any transmis-
sion of duration longer than o‘ns: second could \iiz;\;g be taﬁghg in the net and tabulated. If the same
transmitter is heard some time later, when the plane is in a different position, the tahulated
record will contain information from which two different lines of bearing, and hence a fix, can
be deduced. ’

The two amrtennas shouldﬂ be séparaied, by a distance comparable to, but some~
what less than, a quarter-wavelength of the higheat frequency. This appears feasible for the
band under discussion and for any higber-frequency band. It may be somewhat of a squeeze
below 6 Mc, but, by making the phase cémparisdn more accurate there (at the expense of
somewhat slower scan), a bearmg determination cught’ Bti]l to be possible.

Confusion or ammgnity of interpretation can readily arise in this s*mple :
system if two transmitters ﬁperate on {ndistinguishable frequencies; also, phase compariscn
beiween two ommdh-ectmmu antennas generates two lines of bearing, an ambiguity that can be
avoided by a slightly more elaborate scheme. Sxmulzaneous phase comparison among three
antennas, for example,” would suffice. Even with:these limitations, a typical record should

contain enough possibilities fo cmszz—checkﬂng to snable a grea’s ‘deal of rehable and unambigu- *
ous information to be exiracted from it,

Obviously; thiz sketchy outline of a system leaves untouched many zixf.icult
technical pmblema The antenna installation:is not an easy problem, and the method of record-
ing the information at the output of the phase cmnparamr. identuymg the freqnemy channel on
the record, ete, needs careful study. These do not appear to be inscluble problems.

The radio receiver just dezeribed is not a good radio receiver by the usual
stzmdards* It is nat very selective and, even worse, it does not have image rejection. But it
is m better receiver for the intended purpose than any conventional superhe‘feryadyne’ receiver
however refined. Widening the band has shortened the scanning cycle so that the intercept
probability {s high, without thre*ﬁihg 'éi&ray useful information. The sacrifice of image rejection
has eliminated tracking RF e‘i'nipliﬁe,rs, which would not only complicate eagh receiver but would
rmzke it extremely difficult 40 preserve relative phase for eventusl comparison at the intermedi-
ate frequericy. The appearance of the i’rﬁége on the record will, of course, increase somewhat
the probability of cm—i{usion; this disadvantage is parﬁy offset by the corroborative tunction 6f
the image, but in any case the d}.sadvantage iz unimparia.nt in comparigon with the simplicity

and flexibility thus purchased.

*Oae possible uge of radio intercept that has not been considered 1n ‘our smdy is exploitation of
enemy electromagnetic (EM) emissions as navigation aids by our own bombing missions. This

is the reverse of the situation discussed in Chapter VI of the PROJECT CHARLES Heport (Vol. I},

where plans to deprive the U:8:5.R. of navigation by means of cur rsﬁzé;atians were discussed.

Thorough study of the possibility of our nevigating by thiz means might prcwe the method usn-
feasible or of no value, but it might serve a good purpose by allowing the enermny to believe that
we are prepared to navigate by his radioc tramsmitters.
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The description above may gerve to show the general direction that, in our ;
apinion, might profitably be taken in the development of a radio intercept system aimed at per- : .
forming Function A. It is @ major undertaking, and cne that will sycceed only if guided at

every stage by a careful weighing of intelligence requirements against technical possibilities,

The continuous surveillance of enemy use of 3 wide range

of radic frequencies and of the day-to-day changes in the

pattern and Incation of the transmissions can be achieved

by equipment specially desigred for this 'pufpom.

D. SURVEILLANCE OF RADAR EMISSIONS

We shall concern ourselves here with Functions A and C only, that is, with
radar surveillance not tied directly to counlermeagures, What is called ECM falls mainly in
our category labeled Function B; #t has received the chief attention ia the past, and partly for
that reason and partly for lack of time, we have given it rather scanty atiention.

The first point to be made in any disrussion of radar intercept is the heavy
advantage the interceptor enjoys by being at the end of a one-way, rather than a two-way, path,
Receiver sensitivity is almost the least of the designer’s problems;yi ";fhe second point 1o keep
in mind is that most radar antennas gcan. To intercept with highy probability, one must, there-
fore, have the receivar seasitive to all likely frequencies most of the time, in order not to be
locking for the radar signal when it is being directed somewhere else. A thirg observation,
pertinent especially to the ultra-high-frequency and microwave part of the spectrum, is that 2
narrow-band receiver capable of scanning a fracticnally large frequency band is inherently a .
fairly tricky device, and the difficulties increase with the frequency. ”

Fortunately, there exists a technique, erystal video reception, that is very

weil adapted to the peculiar requirements of radar surveillance. The technigue is well known
and extremely simple. If lends iiself to the construction of very-wide-band continuousiy sensi-
tive receivers st all freguencies from 50,000 Mc down.

An early example of the technique was the *Auto Search” infercept receiver,
APR-1, developed during World War II for reception in the range 80 ic 1000 Mc, with automatic
recording of frequency and time. During the same period, crystal video receivers were also
deveiopnd, mainly for radar-beacon reception, at still higher frequencies. Microwave re~
ceivers were made on & production basis {UPN~-4, for example) which had a sensitivity of 1678
watts, quite adequate for radar surveillanee in most circumstances. The application of this
technique to radar intercept has come about slowly, but'at least some work in this direction is
now under way, under both Navy and Alr Force sponsorship, We believe, however, that the

capability of the crystal receiver is still not recognized widely encugh. In the tabular

*From these two ohservations, the opposite eonclusion can be and has been drawn, namely, let
us make a receiver so gensitive that it can deteet the radar by its back lobes even when the
radar antenna is pointed another way, and then we need not worry about the scanning cysle.
Some such philosophy seems to have guided most of the post-war development of intercept re-
ceivers in thig couniry. It may have its place in certain special situations but, in view of the

EOU;P}exity and inadequacy of the receivers to which it has led, we cannot accept it as a guiding
octrine.
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presentation of the ECM program given to us in om;r brieﬁngé& we find»"widek«ﬁz\md crystal re- -
. ceivers® relegated chronologically to the column headed *Future,® which lies on the far side of
a column headed *In Five Years, * pongidering that the basic technique was fatrly well worked
out in 1945, one must conclude that this classification reffects a belief that érys”tal receivers
are not much good for radar mterce?t It is our belief, and we find it zbm—ed by others closer
to the subject, that the erystal receiver offers a practmai solution to many of the technical prsh— ;
lems of radar surveillance, especially where detection rather than analysia iz the important
function. We, therefore, recommend that this technique be vigorously developed and exploited,
There is little doubt that the basic. technique can be improved. There i3 evi-
dence that a good converter crystal is'not a good detector, which suggests that the crystal, as
a detector, is still susceptible to improvement. It is our understanding that the crystals mow
being used as detectors are those originally developed for converter use, and that full advan-
tage has not yet been taken of the work that has been done on detector crystals ag such. Apart
from the erystal iiself there is a great opportunity here for the ingenious use of multichannel
R¥ circuits and sxmphned videc amplifiers, locking eventudlly toward surveillance receivers
that work more:like an ear and less like a conventional radic get. It is the great virtue of the
erystal receiver ma‘: the specialized RF: circuits end at the input o the amplifier; everything
beyvend can be a standard unit, Moreover, i we look ahead to the use of transistors, every
‘tube in & erystal video receiver is replaceahle bya transxs’cor. this would -make multiplication
of channels posgsible on a scale far beyond anything that could be agcomplished with receivers
dependent on RF-oscillators or amplifiers. It ig in this general direétion, we believe, that de

i

velopment of radar intercept techniques should be concentrated.

. The application of crystal vides techniques offers a promis-
. ing means to exploit the potentialities of suweiiiance of
radar tras:smisswns

; Tuprning from the basgic technigues to the gystems, we are impressed with the
néed for, and the lack of, airborne mtercept equipment capable of collesting and recording the
elementary information needed for Function A.  What are the elements of this information?
Every active radar within range of the reconnaissance vehicle should generate automatically a

record of:
(1) ‘The detection of a pulsed dignal and the position of the
reconnaissance vehicle at the time of detectiod:‘
{2} The approximate frequency of the signal (within 10 8r. -
20 per cent, for identification of the class of equipment

involved),
{3} . Approximate true heaz“ii'fg
{4) Pulse- repetitian rate. -
(5 Scanning cycle,
These items are by no means of'equal importance. Certamly {1) 13 the most important bit of
informatien; with {2) ;amd (3) added, ‘we have perhaps 90 per cent of the useful information.
ltems (4} and {5) are reslly luxuries, and are lisied only because they come fairly easgily, and

o | |
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are of some help in identifying the type of equipment. We could lengthen the list by other luxury .
jterns, such &§: o

(6} Signal strength;

{7} Pulse envelope;

{8} Precise frequency;

(9} Polarization,
Adding these requirements increases the usefulness of the information enly slightly, compli-
cates the data-handling problem, and severely complicates the airborne equipment. The point
is that it Is far betier 10 be able to collect data {1), (2) 2nd (3} only, for all active radars within
range, and with egquipment that does naot require a B-36 to carry it, than to determine (1} through
{9) for a few examples by means of a flving Iaboratory.

Of the important items, probably {3) poses the most difficult technical problem.
It may even turn out that, by omitting this requirement for direction finding ~ or weakening it to
call for 2 mere right-or-left indication - the amount of useful intelligence cbtainable with a
given total effort would be increased. This is hard to predict, and certainly one ought to try
very hard to develop a simple method for instantaneous bearing determination. One very prom-
ising approach to the problem has already been made in the APD-4 development.

We have put signal strength in the "luxury® category beecause, in practice, a
reliable measure of this quantity is usually hard to get. This 18 an arguable point, and cne that
might be wholly invalidated by some clever invention, The interpretation of a signal~strength
measurement is not gimple either, but under some circumstances a rough estimate of range tu
the transmitter might be pogsible. :

The best illustration of the approach we are here advocating is, happily, a ‘ .
development already under way at Federal Telecommunications Labpratories, sponsored by
WADC - the development leading toward the APD-4 gystem. This system {5 simple In the right
places and clever in the right places. It seems fo us to represent an imaginative approach o
radar intercept as an intelligence problem, not merely as a set of receiver specifications.

Whether it represents the best compromise beiween all the conflicting requirements is hard 1o
tell at this point, but it seems {0 us a big step in the right direction.

Our own efforts to explore technical possibilities by trying to invent a gystem
led to the scheme tlustrated in Fig.4~2, which we inciude here only as an illustration of the gort
of information that can be obtained by very simple means if the inherent nature of pulsed radar
iransmissions ls used to advantage. This system does not give bearing, but it does give ap-
proximate frequency, repetition rate, and acan period, and, if it is receiving signals {rom
several radar transmitters at the same time in the same channel, that fact can be ascertained
from the record., One or more omnidirectional amennas are connected through a plurality of
RF filters to crystal detectors, Each filter defines a fairly hroad channel and sach channel has
its own video amplifier, timning and counting circuits. Each channel is continuously sensitive 1o
pulses in its band, except for short periods m signals have been received. When a pulse is
received, it is counted 1" and a 5000-psec gate iz started; all following pulses within this gate
are counted, up to a maximum of 15; the receiver is then blanked for one second while the resul
of the cpunt is recorded as a binary pumber on Teledeltos paper by simply diacharging the
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Fig.4-2. Schematic diagram of possible
system for surveillance of radar emissions.
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scaling tubes from their final configuration. The one-second blanking pericd is shorter than
the scanning period of most radar antennas, but long enough to ensure adeqguate separation be-
tween adjacent numbers on the record, At the end of the one-second blank, the receiver and
counter are ready to handle the next incoming signal, wherever it may arrive. From the record
on the tape the following information is directly available:
{1} Reception of pulsed signals in a certain frequency band,
at time and place to be recorded on tape from flight data,
{2} Whether the radar was scanning or continuously trained
on the receiver.
{3} If scanning, what the scanning rate was.
(4} Approximate pulse-repetition rate, or approximate number
of radars operating simultaneously in the band, once
repetition rates are identified.
The sample records showsn in Fig. 4-3 indicate the way in which these character~
istics are revealed. X
This scheme has very cbvious limitations - as any tolerably simple scheme
must have - but it has certain instruciive advantages. It involves & sequence of simple functions
performed by standard low-freguency circuits. The signal analvsis, such as it is, is carried
out by the most natural and reliable form of automatic measurement -~ namely, counting; the
only point at which the systeny requires calibration is at a preset intensity discriminator ahead
of the counter. The record is in digital form and contains no superflucus information. The sys«
tem is flexible: the blanking time, channel width, number of channels, can be changed as experi~
ence dictates without allering the basic units of the system. We do not urge on anyone this par~
ticular scheme. We do assert that 2 sensible solution te the problem is most likely to be found
somewhere in this general direction,
In all this discussion of radar surveillance, we have been thinking mainly of
pulse radar. We have to reckon with the possible use of continuous-wave (CW) radar of some
variety

o ¢

and this presents somewhat different problems. With certain modifications, the crystal
video receiver may be useful here, also, for achieving continuous sensitivity over a wide band.
The use of locally imposed RF modulation, or ‘cﬁopping" ai a frequency high enough to avoid
excess crystal noise, appears to be one promising approach. The recently develuped“gyrators“*
may provide the means for such modulation. A rough calculation indicates that, if excess crys-

A

tal noise can be avoided, a sensitivity on the order of 10'1 watts may be altainable with an
averaging time of one second. This would make the CW sensitivity and the pulse sensitivity

roughly equal on an average-power basis,

The full realization of the possibilities of radar surveillance

requires the development of airborne equipment capable of

automatically recording the information collected.

*c. L.Hogan, Bell System Technical Journal, January, 1952.
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E. SURVEILLANCE FROM OUTSIDE: AIRBORNE REPEATERS

The ioterception of radio and radaf emisaions by mesans of vehicles that pass
over enemy termtcu—y involves encugh risks to place a prermum on means that operate entirely

over f{riendly te rritory or areas controlled by us.
Supf,msn= we congider a receiver at altitude and ask what will be received, A
simplified picture of the pr gpagatwn fods oblem ig shown in Fig.4~%. . In the area marked "prlmary
coverage®, it is possible to receive the transmitted waves a very high percentage of the time,
The distance D at which this can be done varxes 88 the factor ¥ h, where h is the altitude of the
receiver. Typical numbers are:

D {miles) i h {feet)
§20. ¢ - 100,000
40 10,000

A signal will be recejved at Lhese dxstances at an Tregiencies - broadcaa!. commum«.atmm
‘radar, micrgwave, etc -~ assuming only :hat&here is a certain minimum transmitted power.
This minimum is very likely to be avaihabié: for example, a standard U, S:broadeast slation
should prcduce a readable gignal at a dlstanca 00 miles in the pi-imary BTea.

At distances D where the réceiver altitude iz too small 1o reach the primary
area (beyond 420 milas at 100,000-foot altitude). a sigmi will be received at certain frequenciea
part of the time. "The communication-band frequencies are vex'y likely to go considerably beyond
the distances given above, and the very-high-power {ransmitters (such as radars) may also
produce readable signals at muciﬁ ‘greater distances, The propagstion effects to be expectied are
not definitely known for thege unusual conditions. Partially rell éiiﬁg'ia}-ers appear at altitudes
greater than 150,000.feet. The general situation ia prowming, however.

stay at high altitudes: for long periods. The repeater is merely a broad-pand receiver anﬁ a
single transmitter, bperating at-a very high frequency, modulated by all incoming signalé with~
in the desired lower-frequency band. The received waves would be rebroadeast to a ground
station for analysis and recording. o

Véi-y;broad-band repeatérs can be built with existing techniques. A very
simple repeater with 4 bandwidth of 10 Me is a possibility, and such & repeater would relay all
the signals in the band from 2 to 12 Mc, for example, or from 20 1o 30°Me, fo the ground station
simultaneously. This means that a whole battery of receivers and operators at the ground sta~

tion could examine the band simultanegusly, and record whatever seemed to be interesting The = -

10-Mc bandwidth could be extended to bands un the order of 200 Me 4t the cost of a modest effort.

Most of the complicated gear involved in electromagnetic surveillance is included within the re-

cording apparatus and in the selective apparatuy required to examine one channel at a time. It‘

appears most sensible to put this recording equipment on the grmmd +The equipment required

in the vehicle can then be reduced to an absclute minirmum and can be carned ta the maxzmum

possible altitude for the purpose of extending the range of interceptwn, ’

Several of the vehicles dmcussed in:Chapter 11 mxght e suitable for this

application. B : k
{1} The X~} ami X-~2 airplanes are expecied to ge io alutudes of 110,000 and
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Fig.4-3. Sample records of typical characteristics obtained
{rom system illustrated in Fig.4-2.
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. 230,000 feet, respectively. They are rocket-propelled, however, and would stay at such
altitudes for only very brief periods.

{2} Existing propelier or jet-driven aircraft could be taken to altitudes of at
least 40,000 feet and kept there for periods of the order of 10 hours.

{3} If a lighter-than-air vehicle were to be employed, it probably would be
impractical to try to maintain it over a fixed location on the ground. Such a vehicle might
be allowed to run free, however, and, on the average, be witkin approximately 50 miles
from a fixed ground station for a period of about Z hours.

* A B-35, for example, could probably be taken to an altitude of 4G,000 feet and
kept there for the 10-hour period indicated.  Fighter alreraft could probably be kept at guch alti-
tudes for a pericd of a few hours.

The 40,000-foot altitude would give a line-of-gight range of gver 250 miles,

meaning that transmitted waves could be intercepted with virtually 100 per cent certainty for
such a distance. In addition, the stronger signals would be heard for grester distances.

This approach has the advantage of being directly applicable on a pre-D-Day
basis without international complications, and has the post<D-Day advantage of being able to
operate in one's own ferritory and to still obtain the desired information.

Although some new equipments will be required to carry out electromagnetic-
wave interception in this manner, the key point is the operational procedure of using the ground-
based location {for the majority of the equipment.

It is recommended that feasibility studies be made on the use

. of airborne repeaters to extend the detection tanges of border
ground stations for radio and radar surveillance of radic and

radar emigsions,

¥. SURVEILLANCE FROM OUTSIDE: USE OF ANOMALOUS PROPAGATION

Without violating Soviet airspace, the methods for radio and radar surveillance
discussed so far are limited to ranges of 250 to 300 miles beyond the border. It would obviously
be useful if we could, without rmmaking any unfriendly intrusion, hear what was going on much
deeper in the U.8.8. R, Even if it could be done only occasionally, the intelligence cbtained ;
niight be very valuable. It is sugpesied here that the anomalous propagation effects known to
occur at times in the very-high-frequency (VHF} and microwave spectrum may make this pos-
sible.

Microwaves are sometimes bent around the horizon by a ™rapping” phenome-
non that gecurs in the lower atmosphere. The delermining factors are usually the water-vapor
gradient and temperature gradient in the lowest several hundred feet of atmosphere. The

"anomalous® behavior is not reliable, but in some parts of the world it oceurs now and then.
Radar ranges of several hundred miles have been recorded under such conditions. How far a

radar can be heard is not well known; certainly it should be somewhat farther. ~Abnormally
long ranges are also observed in the ultra-~high- and very-high-frequency bands for somewhat
different causes.

For the purpose of gathering intelligence, we ecan afford to wait for an

¢ Mwm "
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ceeasional freak of propagation, if we are equipped to take full advantage of it when it occurs.
A permanent listening post on the ground in norihern Turkey, for example, might occasionally .
pick up microwave signals {rom most of the Ukraine. If it were properly equipped to record
and analyze the signals, one might collect in one day's operation during a propagation ancmaly
a very large amount of information.
The equipment reeded for such a listening post already exists, for the most
part. The present ferrel equipment is well suited 1o the purpose, except for its antennas.
Such a listening pest should be equipped with large, high-pain trainable antennas, to increase
both the range and the precision of bearing determination. Since this would be a permanent
ground installation, there should be no difficudty in this respect, One could also alford con-
siderabie elaboration of receiving equipment, lar more than could b2 reasonably effective in an
airplane, and it ie practical to maintain a continuous watch with operators of very specialized
training. This function might well be performed by the specialized units recommended in
Chapter 2. )
We understand that the British have aftempted some work-in this field; as a
first step, their experience ¢an be studied. )
Anomalous propagation effects offer a means of obtaining

valuable, if cceasional, information. We recommend

study of this phenamenon at al! frequencies, including UHF,

for intelligence purposes.

87




PHOTOGRAPHIC RECONNAISSANCE

Chapter 5 Photograpbm Reconnaissance with Standard
Equipment

Chapter & Photographic Reconna;ssanca w:t‘: Specialized
Equxpment ;

! Chapter 7 A New Aporoach to Photographic Reconnaissance

Aerial photography is the classical sensing technique used hy the Air
Force for the collection of intelligence data. It is an extremely power-
ful technique, which has beenintensively developediinto a wholsg rimge
of established reconnaissance procedures.

The BEACON HILL Study Group has divided its review of photographic
,,,,, reconnatasance prablems intothree chapters. In Chapter's, we consider
present and future equipment and techniques suitable for use by normal
reconnaissance units. In Chapter 6, we deal with equipment of a more
advanced and highly specialized {ype which, in our apiniam should be
used only for special missions by much smaller units of highly trained
personnel. This idea ¢f specialized reconnaissance unitsgia further des

veloped in a separate part of our report {Chapter 12}, since we believe

ittobe applivable to a wider range. cf reconnaissance problems thanonly -
aerial photography. Chapter 5 on Phomgrap?uc Recomalssanca with

Specialized Bquipment includes a particularly challenging section on

peripheral ohligue photography from extreme altitudes.

In Chapter 7, we have considered !he opportunitizs inherent in the use
of small images. Small cameras and small film sizes are not'a novel

u
%
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idea in merial photography. but the general development program has
been so much inthe direction of large cameras thattheproposed system-
atic exploitation of the advantages of smallness can nevertheless claim
to be a new approach. -

More gengral problems of the photographie method are treated in Ap-
pendix C, especially thoge relating to tens qual}iiy and emulsion proper-

ties. In Appendix D, brief consideration’ is given to me eﬁects of atomic
weapons on aerial photography. ‘
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PHOTOGRAPHIC RECONNAISSANCE WITH STANDARD EQUIPMENT

A. GENEBRAL CONSIDERATIONS

In the field of photographic reconnaissance, the tour of Alr Force installations
made by the BEACON HILL Study Group, together with the extensive briefings, has served to
demonsirate important gaps between technical progress, coperational practice and final intelli-
gence usage. In the laboratories, we are knee-deep in elaborate equipment that is perhaps a
whole order of magnitude more complicated than what we find in use in the field. Much of this
egquipment is of research inlerest only or suited for special cperations., The gap i3 gven greater
between the degign of the equipment and the final intélligence needs. The designer feels that,
by going to larger and more expensive construction and to maximum guality, he is in some way
benefiting the final intelligence officer, but the trail in between is ohscure. The intelligence
officer often finds that precision results are unnecessary for what he wants to know, and thus
he may be tempted to discard all the unwanted large equipment.

Throughout our review of photographic reconnaissance, we have borne in
mind the need to simplify Air Force problems-and not to complicate them further. Our philoso~-
phy in the recommendations we shall present will lie in the direction of taking away some of the
burden from the nermal reconnaissance units in the interests of standardization, and of concen-
trating the specialized equipment in the hands of much smaller units of specialized personnel
(see Chapter 12 for a full discusszion of gpecialized reconnaissance units).

We asstime that incidental small hand-held cameras, motion-picture cameras,
miniature cameras, enlargers and the like are more or less satisfactory. No doubt an improve-
ment could be effected here and there, but no tremendous dividend in our reconnaissance is
likely to result. Hence, for the purposes of this Report, we confipe curselves to cameras that
are airborne in‘more or less permanent installations and that are operated by intervalometer.

It is obvious that the problem of stapdardization is paramount in installations
in the various operational aircraft. Specialized equipment cannot be congidered except as an

occasional need.
There are two immediate improvements that will raise the level of perform-

ance of aerial photography and will cope with the enhanced problems raised by the faster higher-
powered new aircraft. The first is image-motion compensation, and the second is the antivi-
bration mount.” These probiems are discussed in the sections that follow. Pending their com-
plete solution, we recommend that the new and faster shutters be put into service as soon as

posgible,

1. Imagé-Mation Compensation
No extremely careful attack, comparable to the technical accomplishments of

*In aerial photography the word ®vibration® refers usually to the angular vib rations rather than
to translational vibrations. However, if the ¢améra system is non-rigid - such as a leng with
ioose elements ~ iranslational vibrations may also cause a displacement of image relative to
the emulsion, Translational vibrations can cause trouble in multiple-camera installations
where internal angular vibrations may be introduced.
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this nation in the instrumental field, has been made on tha pmblem of mmge»'nouon compenga-
tion. The A-14 magazine 13 the nearest approach to a solution, but it is not d&sxrab}e i have
heavy and fairly delicate equipment in the magazme Algo, at high mxage speeds the cyc‘mg
rate is inadequate. The sweep mount developed during World War Il was correct.in principle
but needs improved construction. A first-class engmeering effert is reguired for this problem.

In the past, image motion has been recmgnized as one of the hmiting factors ©
of aerial pnotcgraphy. along with vibration and the Jonger-period movements of the optical axis
of the camera. However, the pmblem has been in a kind of twilight zone where: the lmutahon
was not so apparent. Now, airplanes are more thaa twice as fast operatmn&lly’ as in 1945, and
the near future will bring planes much fastexj still. We must face the problem and we must
have a solution ready. e

One of the di{ficuitms thak has hampered this devaiapment as pointed out to
the Study Group, has been an {nsistence in’ 3;)9&1&33&;():13 o an unrealizable perfectian in th' &
compensation,  Where in the past we had zero campematmn, specﬂicatwns now require per-
haps 99 per cent perfection. Actually, it would be a really great help to achieve 20 pe!‘ cent
compensation. . This we hellieve is a figure that can be realized in practice, !

“It is recommended that an intensive smdy he“made/:’of the .

problems of Image motion compensation a;ffeéti:zg our aperar

tional photography during the next 10 years, and that this

study be followed by the 6eve§spment of pmetzcabia d&viaes
- that can be made standard in the &ir F{:rcax,

2. Antivibration Mounts , ,
A great deal is known about the characteristics of diﬂ'erent kinds of mounts
and about airplane movements, and it is ‘time to put.this knnwledge to worlk. Currem develog»
ment of suitable vibration filters is to be encouraged. Several center‘af-‘gmvi 'y mourts have
been built and their effectivengss proved. What we need now ig the use of these principles and =
devices in operational aircraft. We realize that mstallat;an problems are often difficuit. Howe

_ever, it is hard to believe that we must s5till mount cameras in frames on ordinary shock mounts

which protect the equipment but do not damp outthe angular nbrations Many typés of mounts
such as gimbals, center-of*grawty. plywood. and rubber-in-shear have been studied in detaﬂ

1t is recamm&qcied that mstatlatmn problems ham:eforth
_include antivibration as a major requirement, and that our

extensive lechnical knowledge of mount c:hammerwtzca be
" dtilized in the antivibration features of these Lnstallatmns.

An example typifying the. twn problems discussed abave, was shawn to the
Study Group in the mzaiiatwn of a s—ca.mera multxplewstauon system inan RB-36. These
cameras were. equipped with 36-inch 743 telephctu lenses whose labgratory resolution is known
to exceed an average of 30 lines/mm, The camerss were mounted in a welded tubular fra.me.
which in turn was mounted in the airplane on Lérd shock mounts. The EAmeras use betweens .
the-lens shutters that have a maximum 1mage-stoppmg expogure of l./ 100th second. The moment
of inertia of a single camera is minderate, and the 5—camera unit is not aufficiently rigid to have
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the moment of inertia of the assemhbly apply. ‘E E% 5 %

One needs only a glance at this equipment to know that the pictures cannot be .
very good and that the standard 24~inch lens in such circumstances could deliver almost as
much information. The only reasons for continuing to use thé 36-inch ingtallation in the RB-36
are that a small percentage of the pictures will be really good and that, at altitudes above
40,000 feet or on bad photographic days, thege lenses will deliver information not realizable
with the 24~inch lens. The fault is not in the 36-inch lens but in the lack of image-motion com-
pensation and in the mounting.

Thke effect of image movement on resclution patterng is a subject requiring
comment, whether the movement is due to plane movement along the line of flight, or to roll
or piteh, ur to vibration. Unless a relatively high vibrational frequency is at work during the
exposure time, one can consider that the shutler exposure intercepts a short siraight line seg-
ment of the pattern of wandering of the image on the emulsion. Hence, during the exposure the
image of a three-line resolution pattern will be given a vector shift in some azimuth.

l.et us suppose that the vector points along the line of flight. If the three-line
pattern is shifted by the width of a single line during the exposure, where for purposes of dis-
cussion we assign an efficiency of 100 per cent to the shutter, the rectangular profile of the
individual line is changed into a triangular profile with the same total range of exposure from
ridge to trough. One will still observe three lines in the pattern and can call the pattern resolved.
However, something definitely unsatisfactory has happened to the lines in changing their profiles.
If we are photographing from the air a vehicle with a rectangular projection on the ground, our
photograph in the presence of the vector shift would show a truncated pyramidal structure in the
one coordinate. .

If the amplitude of the vector shilt amounts to 1-1/2 single-line widths, one
111l will see three separated lines but the spaces are partially filled with light. Also, the pro-
file of the three-line pattern will bear small resemblance to separated rectangular profiles. If
the vector shift amounts to two single-line widths, then three lines can no longer be distinguished.
The profile of the three-line pattern becomes a truncated pyramid with a broad top. Hence, in
setiing a limit to the observed resolution, we can drop back to the next larger pattern. I IM
{image motion) represents the amplitude of the vector shift in inches per second, if N i3 the

line number, and if t is the exposure time in seconds, then

L 0.035
£ IM

N

Thus, if the exposure ig 0.0} second, and if image motion amounts to | inch/second, the limit-
ing resolution observed will be 3.5 lines/mm.

Actually, in assessing the effect of image motion on the quality of the aerial
photograph in thiz way, we are being very conservative. It is evident that at much coaraser
levels of resolution the motion has affected the character of the line profiles, even though we
still see three lines. The microscopic contrast suffers, and as a result objects of low inherent
contrast stand less chance of being recognized. It may be that the concept of ®acutance” will be
useful in measuring the effect of image motion on picture quality and interpretability (see Ap-
pendix C).
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Figure 5-1 presents thé giteation grag:m.c:a.’klye CWe nssume that the airplane
is moving at 400 mph, which cor*esponds toa ground digisnce of 5.9 feet in .01 ‘second. We
alsc assume that we are dealing with verticals at 0. 0l-second exposure, zmd that the S5-camera
installation yields an average image moverment on the Tilm, from vibration in roll and pitch, of
4 mils per second.. The full curve on the left represents the image movement as & function of
allitude for the RB-36 with the 36-inch lens. and the daghed curve shows the same for the 24~
inch lens. On tha r;ght we have only the transvetse vxbratmn _In either drawing, the expected
frequency distribution of image movement due to vxbmt'an is given as an insert on top of the
mean Lmage'vmovemem posltmn. The vertical lines near the origin give me Lolerance for the
36-inch lens that will result in performance of 10 Imes/mm or better: The dashed vertical lines
near the origin give the tolerance for the 24-in¢h.lens for a performance of 15 Urxes/mm ar
better. The tolerance for the 24-inch lens is taken as 15 lines/mm and of the 36-inch lens as
10 lines/mm in order to compare the two lenses for the samea gmund performance, e
Itis clear frorm a study of Fig. 5-1 that in the line of flight the ex;:«ecﬁed ver~
’ormance of either the 24-inch or 36-inch i ne s ata {iebmad“}y poor level even at high altitude, .
in terms of both z-emiutmn and comtrast. Figure 5-1 i5 intended to prove that samethxng st
be done not only about the irage movement but about the vibratfon alsa

The presant develmpmem ofa batween«the lens shutter havmg an expasure of

1/250th second xs ‘& step it the right direction: (ef.g. a-30in Agvendix Ch. ~In terms of mfarmauon
return, installation of this shutter in the 36»1'14::: ielephmo wmzizi result in an immediate hscrease

in performance by a factor of nearly three‘ o

. Both image mation and vibration can be taken gare of 5zmulta,rxeou=1y ifa-
§x 18 magazine incorporating :fnagmmmmn compensazian along with a focal-plane shutter at
1/B00 gecond were to be manufactured: No one expects o use the 36.inch photography for map- '
ping purpnses, and,hence 2 focal-plane shutter 13,,sat-sfag;ory, 1f the development of this maga~

camera installation would have a performance well in excess of 10 lines/mm, and the contrast
would be much improved. The a-.!!’ectwe performance in terms of information return could ‘then
be inereased by a factor of perhaps 5 ot all eounts at the ceiling of 40,000 feet, and by an even ;
larger factor at lower almudes Evew on poar days, there would still'be a gain in results be«i P
cause of the Ln*portance ol keepmg contrast abmnz minirmum values npeded fm* recognition of
varioug objects. e
The problem of xmage monan will e ‘even more aerious in the case of the
BB-47 a.r*piane. and cannot be neglected. We are dealing with expensive ax.rplanes costly mis- ;
sions, and men’s lives. -An increase in results up to tivaﬁfald,cannot be dismissed lightly.

It is recommended that adxl8 m{wingmfllm magazine with
focal-plane shulter be developed for general use. ~This focals
plane shuiter shm;},é have an affmmmy exceeding 70 per cemt

at 1/6 and should have a fastest exposure of 1/800 second.

B. DAYTIME RECONNAISSANCE ;
1. Low-Altitude ’Iechniquesy and Equipment .
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For on~the~ dack sweeps vn.th fxghtera ghort focal lengm wide - angig cameras
with high cyclmg rates are called for, In the: range of altitude from 100 feet to 2000 feet, a
small camera can accompnsh almost everything that may be required In the interest of quick
cyeling, 70-mam film in to be recommended in con;uz;:txon with lenses of focal lerigth from 50 to
100 mm at £/3.5 to £/2, and with focal-plane shutter speeds up to 1/2000 sec¢ond. Image-motion
compensation is a must, but vibratioo can be negle’cted if the é:ainei"a is installed in a ‘favnrable
part of the airplane If space is hmitecl, the cameia should be installed ln & mount that will
per'mt the camers to be used in a:xy x:me of several erentaucms, mcluding the forward obhque
and vertical positions. If space permits, a mulnple‘c&mera station, having forward and side
otliques and vertical coverage,is ta be recommended. Because of the difficulties of incorporat-
ing adequate image~mdtion compensatmn into the camera for oblique viewé; 1t 1s recommended
that the fastest shutter speed be get at 1/2000 second with a 50-mm lens at £/3.5 and with xmag\a?
motion compensation tied to a mean infags movement over Ztﬁé‘ field, favoring the more distant

objects. The four cameras could he mounted in about 2 cuble foot of space and might conceiva~«
bly be combined into a single unit for ease of handling and ingtallation. . '

Il such a camera has image-motzon compensation good 10 50 per cent of the
ideal value for at least the vertical mstalla.nan, a ghutter speed of 1/2000 second, and a 50- ~mm
£/3.5 lens, then ina f:ghter plane irave!mg 800 mph at-500 feet altitude, a performance of 25
lines/mm should be realizable on at least 50 per cent of ’che pictures. ® The ground resolution in
this ease, con‘é’s/pandmg to-a resolution of 25 Unes/mm, will amount to 2.4 inches, which in
turn will permit objects of sbout 10 inches on a gide t6 he recognizable, i k

As an alternate pe:simlity to avoid the starting and stoppmg of the film for
60 per cent Dvel‘lrap where unagemwtwn camuensat;g;: ia provided for by moving the film, one
can consider use of §-inch wide film moving nnifarmiy for image-motion compensaucn. Such
a film would be equlpped with two taking lenses of 30 mm focal length at ffl3 5, mounted side by
side, each covering a 60-mm wide format with pictures mi-:en in parallel strips along the film,
The pictures will be staggered in time along thg\lma of flight. -The pictures will then be made
with 50 per cent overlap. The rate of film mavement is then tiéd’m\}wizh the rate of image
movement, and the ¢ycling time for the shutters will be set by the time required for the fiim to
travel a distance of ’aim!it' 40 mm. " At 600 mph, with a 50-mm lens from an altitude of 500 fest
for a format of 60 x 60 mm, the image movement arsounts 16 88 mm/sec and the recycling of
the shutter ta approximately 1.5 times/secand. Ifa rotating-sector type shutter is émployéd,
the recycling time can be set at 2 much higher'vazué and the t‘ilmﬁ‘:movement will hot be exces-
sive. Inasmuch as evaryt‘\mg iz tied in with the ‘mage movemant, faster eycling corresponds
to the use of even a faster nirplane, a lawer ammde, or both,

If 70-mm film is waed thh a 50-min £/3.5 lens at an altitude of 500 feet and
plane speed of 600 mph, the cyclmg rate will amount o 3.7 f'-amesfseccnd for 60 per cent overs
lap and 60x 650 mm farmatf; The filmn, 1n this case, will have to move intermittently, .in which
cage the motmrw af 1mage mofmn compensation and film transport can be geparated in several
ways. A cycling rate up to 10 frames/second ought to he pessible, which will provide for either
a faster airplane,' lower altitude, or both, There is in existence a successful 70-mm magazine
with Geneva movemamﬁ. a rotating-sector shutter, and speeds of 10 and 20 frames/second.




Consequently, the proposed specifications on the camera discussed above are not excessive.

1t is recommended that a small, fast-eyeling camera of ap-

proximately the properiies described above be developed

for low-altitude sweeps, and that multiple-station mounts

be planned for where possible. The image-moticn compen-

sation for vertical views should bte at least 99 per cent

effective; and for side and forward obliques, a suitable

compromise on image motion {8 {6 be made. The taking

tens should have a 50-mm focal lergth at /3.3, and should

cover a 60x 60 mm format, The fastest ghulter speed

ashould be 1/2000 second which indicates a focaleplane

shutier, posaibly of the rotating-secior form.

The b-inch Metrogon in the present K-17 camera is ool suitable for use in low
fighter sweeps because of slow cycling rate and excessive focal length beyond actual needs.

M reover, the 9 1/2-inch film is not really needed for low-altitude appl‘ications {f.e., legs than
2 /00 feet).

‘ Very little combat {lying will be carried on in the range of aititudes from 2000
to 10,000 feet over well~defended areas. Where photographs fmust be taken in thig range of altui-
tudes, the 6-inch lens on 9x 9 format will deliver the most imformation.

The exigting K-17 camera with &-inch lens and A-~14 magazine can do quite a
good job with the lens stopped down to £/8. There is a need sooner or later for undertaking the
task of improving the 5~inch lens parformance. The present {/6.3 lens is doing fairly well in
covering a B0 diaponal, but better laboratory performance is highly desirable. If the present
performance at /8 could be worked into an /6.3 design, the photographs would be noticeably
improved, The present limitations on performance with the K-<17 and A~ 14 magaiéne are set
by the lens quality more than by any other single factor. Vibration is more or less negligible
owing to the short focal length and high shutier speed. Image motion would be serious except
that the A-14 magazine eliminates it. However, the A«14 magazine or equivalentneeds to be
used more generally by the reconnaissance wings.

2, High-Altitude Verticals and Obliques

For altitudes from 10,000 to 34,000 feet, the standard lensas of focal length

from & inches to 36 inches are preferred, with the bulk of the work being accomplished by the

12-inch and 24-~inch lenses.  Where space permits, a Tri-Met installation should aiso be usged,
It is risky to use only a §~inch camera in the altitude range from 10:000 to 30,000 feet, cwing
to reduced information returas and to the great danger of aborted missions on bad photographic
days. Al the other extreme, for most purposes the use of a 35-inch focal length in the altitude
range frem 10,000 to 30,000 feet will result in detailed information at the expense of coverage.
However, for oblique piclures the 36-inch lens is to be preferred.

Ag described earlier in this Chapter, image-motion compensation is manda-
tory for gocd performance of the standard equipment along the line of flight, The A-14 magazine
takes care of this problem reasonably well but has only 2 9x 9 format. The 24-inch and 36-inch




. ) lenses cover both a §x 18 format for which image-motion compensation is badly needed. An
earlier recommendation takes care of this deficiency. Similarly, mount vibrations become im~
portant for the longer focal lengths, and the recommendations given earlier in this Chapter
should be followed.

The higher the altitude, and the worse the haze, the more one should make use
of the 36-inch lenses. Similarly, for high oblique pictures. the 36-inch lens is preferred.

Once image~motion compensation and vibration have been reduced to unmim-
portant residuals, the lens gquality of the &-inch, 12<inch and 24-inch will be found delicient
at full aperture. Consequently, attention should be given to improving the performance of the
atandard lenses, provided this improvement can be obtained at only a moderite increase in
cost and complexity. The photographic details are discugsed in Appendix C.

In the range from 30,000 to 60,000 feet, the 24-inch and 36~inch lenses will be
required to maintain adequate information return. Again, image<motion compensation and anti.
vibration mounts are mandatory, as proved by the typical data of Fig.5-1. As mentioned
earlier, it is desirable for the performance of the standard 24-inch /6 lens to be improved after
the more important problems of image-motion compensation and vibration have been surmounted.

For high obligques, the 3&-inch lenz should be used dlmost exclusively in this
altitude range. As described previously, the faster shutter soon to become available will do
much to improve average picture quality.

Although lenses considerably larger than the standard 36-inch will deliver even
more [ine detall at great altitudes, thelr wide«scale use is believed to bhe unnecessary. -These
lenses are more suited for the gpecial purposes desceribed in Chapters 6 and 12, Moreover,

. the uncertainty of focus of large lenses, coupled with the use of mirror installations, flexure,
special installation problems and the like, all argue against having these manufactured in gquan-
tity for use in the regular reconnaissance units. )

It is recommended thal no lens larger than the 3é6-inch for
8x 1B format be employed in regular reconnaissance units.

Equipment larger than the 36-inch camera and special equip-

ment of all kinds can be more effectively used by the special-

ized units described in Chapter 12,

C. NIGHTTIME RECONNAISSANCE

The war in Korea has placed extremely strong emphasis on the importance
af night photography, and on the need for a night capability in aerisl photography that can'yield
quick assessment of a flufd battle situation. Time after time, day photographs will show an ap-
parently deserted countryside or ¥illage. Night photopraphs of the same areas may show bee-
hives of activity.

To some extent, we shall have a reconnaigsance capability through our regu-
lar night photography employing verticals, or from drones or irom terminal missiles. These
technigques are discussed below. ‘However, there iz another rather difficult technique of special
interest, which involves cooperative planning between the Army and the Air Force.

We consider that one or more night photo-planes will be flying behind our own
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lipes far enough back to be safe from all enemy ground fire, and high enough to obtain a clear
photographic line of sight of eritical enemy areas or of enemy terrain to be photographed. The
photo-planes are in suitable communication with ground artillery officers. The artillery is then
to fire high-illumination photo-flash bombg in suitable shells to burst at suitable altitudes over
the areas to be photographed. In this technique, the photographic airplanes are spared the nec-
essity of carrying {lash bombs and of risking enemy antiaircraft fire.

As a typical operation, we can assume that we are using a liaison plane such
as the 1.-5 developed primarily for duytime spotting purposes, and under Army control. In ef«
fect, we are extending the already existing daytime arrangement to riight use, a capability we
do not have at present. Let us assume that this particular operation will have the L-5 flying at
5000 feet altitude back of the immediate battle lines over friendly territory, When the pilot
gives the word that his plane is in position for photographs according to his flight plan, the artil~
lery will fire the flagh«bomb shells at even iniervals of perhaps 10 seconds to burst at 10,000
feet over preselected sreas to be photographed. The cameras will be operated by photoelectric
trigger and will be aimed at the known oblique angle laid out on the flight plan. It would be help.
ful in spotting and timing if the artillery were to fire a preliminary star shell or shells in offset
or in a pattern to guide the camera observer without tipping off the enemy that photographs are
to be taken. The opportunities for spoofing, diversions and the like are obvious, and should be
employed.

We note also that the RF-84F is not equipped for night operations with flash
bembs, If the artillery bandles {his bulky problem, one sees that the RF-~B4F will become
available for night photography when this capability is needed.

Wherever possible, the photographic airplane should be at a distance closer
than 10 miles in order to obtain scale and increased informsation. Evenat 10 miles distance and
at 15,000 feet altitude, with a 36-inch camera, one can expest to ohserve vehicles of all kinds
that are in the open. The trangverse scale with such a camera at such z distance would be ap-
proximately 1:20,000. The ground “detectability" at the same distance would be of the order of
6 feet on a gide for the size of object detected.

Stereo pairs can be obtained if the artillery fires photo-flash shells several
seconds apart. Different aspects of the target can be obtained from either succesaive photo-
graphs minutes apart, or from different airplanes using the same flashes. It might even be
possible to have pictures made all night long over an active battlefield hundreds of miles in ex~
tent, the expectation being that the technique will prove so uselul ag to be in constant employment,
The photographic processing might be carried out in the airplane and the pictures might be
dropped by parachute, Greatest tactical returns are indicated from procedures that get the
requisite information to the battlefield commanders within the shortest possible time after the
pictures are taken. - Certain operations may permit Land-type quick processing with photo-
interpretation done in the airplé.ne and the information radioed to the field officers.

A tactical plan of operations can be workad out when the use of such a technique
is given detailed study. For the present purposes, we merely outline the pessibilities.
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Operational experiments are recommended leading to a pro~
cedure for night oblique photography for tactical purposes,

in which tie photo-airplane remains over friendly territory

and the flash bombs are fired by ground artillery. The very
closest cooperation with the Army is needed in all phases of
the develapment and in the operational applications.

As a result of the pressure brought to bear by Korean needs, the customary
vertical night photography hag been undergoing development ina way that promiseés before long
to give us an adequate capability in 80 far as flash bombs and gamera equipment are concerned,
Night eameras for the 24-inch and 36-inch lenses now under development will have izﬁage»motian
compensation, As discusged under daytime photography, these cameras should be mounted in a
proper antivibration mount. In fact, becauge exposure times used in the flagh-bomb type of
night photography are appreciably longer than thoge used in daytime reconnaisgance, it is all
the more important for the mount characteristics ta be perfected. However, when we speak of
*perfection” here, we do not mean absolute 100 per cent perfection, but an attainment that is
within a reascnable tolerance and that is practicable. =

The present.program on night photography has emphamzed the use of flagh
bombs, with most of the illumination eoncentrated in the red and infrared portions of the specs
trum. Concurrently, 24-inch /3.5, 36-inch £/3.7, and 48-inch {/4.5 lenses for 9x 18 format
have been developed, the first two of which will be in production in modest quantities before long.
In addition, we have the older 12-inch £/2.5 for & 3x § format, and the T-inch £/2.5 for a 5x5
 format. A &-inch £/2 lens for 4 3x 5 format is under development. “This list of equipment
gseems to be entirely adequate for any contemplated nigk'ttixx{é bi‘bg’ram employing conventional
photagrapghy. Once again, it is recormmended that the 48~ toch lens not be used in regular recons
naissance wings, but be set aside for use by the special units dzscuased in Chapter 12 of this )
Report.

It is probable that the above lenses are of sixffiéient quality to be satisfactory
for some time to come in our night aerial photography by flash-bomb techmiques. On the whole,
the inherent quality of night photographs is low, owing to uneven illumination, to haze directly .
beneath the airplane, and to the longer exposure times. The present night photographic quaiity k
is low alec because of lack of image-motion eompensation and of antivibration mounta, :

Members of the Study Group have examined a roll of negatives taken during
the daytime under poor . photographic conditions where image motien is pronounced. In sddition,
the lens is out of focus. The picturas are very "flat” and lack detail to a gross degree. In fact,
the image motion amounts to approxnnateky one m.liimefer afong the line of flight. There is no
doubt that the quality of these photographs wuid be gmatl ¥ improved, sven with the bad haze,
if the ;image motion were eiiminated and the {ocus properly set. The photographa would still
be of ylow quality owing to the haze, but would nevertheless show much infébb‘retable detail. The
photographic quality of this roll of negatives is very similar ta what one would obtain with pres-
ent night techniques, which certainly can be very considecably improved, 1

As in the cagse of daytime photogranphy. image-motﬁon compensation 18 a must.
Antivibration mounts are a teust also because of the slow exposure times, fast airpianes, and




long focal lengths. Recommendations bere are identical with those made in the section on day-
time reconnaissance.
1. Low-Altitude Technigues and Equipment

There are at least four techniques suitable for night photography at low altitude
{i.e., below 2500 feet}. 'The first of these is already in satisfactory operational use. This is
the system of ejecting flash cartridges at regular intervals sequenced with the film and interval.
If image-motion compensation and the antivibration mount sre sufficiently achieved, it is likely
that the flash cartridge will yield night photographs of good gunality. For these low altitudes
dowrn to on«the-deck sweeps, it iz recommendsad that the 70-mm camera described earlier
under the discussion of daytime reconnaissance be adapted to night photography by replacing
the 50-mm #/3.5 with a 100~mini £/2 for the 60x 60 mm format., By proper Bequencing, one can
obtain the usual gtereo pairs. Alternatively, the camera described in the same section, making
use of S-inch film with two lenses, can beused for night photography with flagh cariridges. Here
again, we recommend the use of a 100-mm £/2 lens for sach of the two lenses needed for the
stereo pairings.

The second technique that needs renewed emphasis is that of the Edgerton
flash unit. Developments in flash techniques since 1945%, in the direction of more illumination
for the same weight of equipment and less weight for the same illumination, promise to pay new
dividends in night electric flash photography. For low-altitude work, guite adequate {llumination
can be obtained with equipment.of moderate weight. Moreover, the same 70-mm or 5«inch film
cameras described earlier can be used quite successfully with the Edgerton flagh,

The third technigue that may be of significance, when combined with the ultra-
fast emulsions soon {o appear, ig the night transverse strip photography introduced during the
past war by Dr.0O'Brien of the University of Rochester. Following the war, a very intensive
program was carried torough on night strip photography, but the results were inadequate. The
level of illumination and the limited speed of lens and film combined to prevent obtaining an ade~
quate exposure level. Now, however, by making use of all the improvements since 1945 in
optical systems, lluminants, film and processing, we should be able te obtain usable photo-
graphs for altitudes {from 200 to 2500 feet. The original development made uge of infrared i1~
lumination. However, it is debatable whether the plane would be any more detectable if ordi-
nary yellow and red were included in the illuminstion, rather than infrared alone. For zn gb-
server on the ground, there is only a flash of light equal to the exposure time of perhaps 1/50
second. Before and after the light passes over him, the same observer could more readily
see the plane silhouetted against the slightly luminous night sky background or from its exhausts
than from the strip of light beneath the plane.  Of course, ‘all light from the illuminating system
not in the transversa strip - that is, stray light - should be eliminated by sultable design of the
equipment.

The fourth technigue that may be of importance involves the burning of mag-
nesium powder, or perhaps ribbon, at a constant rate {rom beneath the wing of the airplane.
This technigque has been trisd out recently by Brig.General George W.Goddard, Owing to the
hazards of low-altitude flying of this kind where the plane is far more brightly illuminated than
the ground, it seems that this technique may be prohibitive for & manned airplane over enemy~
held territory.

e

T ﬁdﬁ%ﬁ " | .
coNFITE e




For tactical purposes, it may he fé:;sible to employ the technique in combina-
tion with a drone either for visual rééonnaigsance or for strip photography by the flare. The
magnesium burns with an intense gresn Hght to which the eye is especially zensitive. However,
the gbgerver in the spotting plane may have to be some distrmce away, a fact that will reduce the
value of his visual reconnalssance. o :

For low-altitude night photography, we recommend ;

(a) The 70-mm an;ji/or the S-ineh film carieras be adapted for night use in stan-
dard reconnaissance units by replacing the 50-mm £/3.5 lens with a 100~mm 1/2;

{b} The present possibilities of the Edgerton flash technique ke explored and the
technigue perfected for low-altxtude night photography

{c) Aun engineering study be made of the preﬁaui: posaﬂnhtles for night transverse ;
strip photography. ~Combinations of visual illumination with Tri-X film, visual i*lummahon 0
with infrared film, and infrared illumination shcmld be compared. B £

2. High-Altitude Verticals ' ‘ k

In the altitude range from 2000 to 10, 900 feet, it seems desirable to make use
of the ejection cartndge technigue aa the standard prccedure in the regular, r&ccnnaxssance units.
In this range of altitude, it ig no 1c>ngm- advxsable to use the 100 ~mm leds with the 70~mm of 5
inch film, but ipstead to use the 6~inch £/2 and 12-inch £/2.5 cameras. It is not considersd
advisable to use the Edgerion flash techrique because of the vulnerability of the airp'lane and
because the flash equipment must be much heavier. Itis also not considered aasiféb}e to uge
either the transverse strip technique or the burning magnesium; technical limitations rule out

these methods anyway.
the 24-inch r/a_, lens except where need for finer detail demands resort to the 36'mch £/3.7 lens.
Above 20,000 feet, only the 36-inch /3.7 shonld be used, if availﬁble. or, ather'mse the 24-inch
- £/3.5 lens. . :
Above 10,000 feet and for some upera:ions'below 16,000 fe'et, it wili be neces-
sary to use flash bombs for the illuminant and as the atandard technique in regular reconnaig«
sance wnits. This Red Light program &eemé to: be well in hand, snd in need of na. other recom-
mendationg except that image~motion compensauon be used with the 24-inch and 36-inch cameras
and that antivibration mouats be used. )

3. High-Altitude Night Obliques

At the present'time, we have no capabllity for night obhque photography. Yet
anything that can be done to permit the plane 1o avoid strongly defended argas is worth while.
Night photos made in such areas by means of vex‘tmal photography repreaent a type of activity
with a high attrition rate and, therefore, /ahigﬁ cost per picture.

There are four techniqﬁe’:a of importa.nce for night missions seeking photo«
graphic coverage of well- defended areas. The first and most pz’oduﬂi‘we‘ of these techniques
involves the use of a drone airplane equipped with night cameras and car’tmdges. contrelled by
a mother airplane flying many miles away. The drone technique in the foreseeable fature Seems
confined to tagtical usagé because of the recovery problem. :
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The gecond téchnidue makes uge of & terminal missile which sends informaw

tion to the airplane by photoelectric meéthads {se Chapters 8 and 11).
The thu-ct technique fs one that makes use of high almude oblique photography

from distances up to 20 miles from the targer. In this case, the flash bomb must be lobbed over

the target several minuies before picture time. Because of haze and the need to keep the direct -
bomb {llumination out of the field of view, one must provide for pawered ﬂight for the flagh bomb,
with itz terminal altitude over target of perhapa 10,000 feet. It may be that the terminai misszle
of the preceding paragraph could garry the flash bomb,

The fourth technique is the tactical use of night oblique phatograahy {described
above at the beginning of this sectfon on night photography) where ihe flagh bombs are sent over
the areas to be iliuudnéted by the ground artillery. Becauge of the tactical mpé%‘tance af this
technique, the description that would nermally be gwen here has been placed earlier in the dis-~

cussion.
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. CHAPTER 6
PHOTOGRAPHIC RECONNAISSANCE WITH SPECIAL EQUIPMENT

A. EQUIPMENT S

The potentialities of the photographic methad for aerial reconnaissance go far
beyond those of the conservative and stardardized equipment described in Chapter §. - We have
been forced by prudence to make a division between the requiremants of the regular reconnais-
sance units of the Air Force and what can be accomplﬁshﬁd by special equipment on special
missions. Very probably, 85 per cent of what the Air’ Farc}e really needa to know can be gaiis~
fied by the standardized equipment discugsed in Chapter 5. The other % per cent can be collected
by means of nonstandard equiprmerdt of high technical guality designed for a particalar parpose

ard used by trained personnel.

Before considering specialized equipment in detail, it may beé interesting to
speculate on the ultirtate pesaibilities of photographic reconnzisgance. If the phctograpmu
method were to be apphed with nc holds barred, we could bury ourselves in eNOTMOUs MASsES
of photographs of large scale ard high quality. We could gather a quantity of data a thousand or
more times our actual needs. We could carry our photographic resolution down to as fine o level
as three seconds of arc as seen ‘!‘r'om the airplane, which corresponds fo a resolving power of
one foot at a distance of 14 miles, and this angular resclution can be achieved from horizon te
horizon for thousands of miles. Glven heavy bombers flying in dayl*ght at 35,000 feet at 350 mph,
we could cover all 6f the Soviet Union and a large portion of China at 2 gcale varying from
1:20,000 to 1:100,60C in about 150 hours of fiy‘mg time. Thus* 15 uvs.i"npeded airpla';es ﬂyirg in
of square miles and photograph, in about 10 hours' total elapsed time from border crosasing,
everyithing we might want to know down 1o objects several feet squavre in size.  Actually, enemy

and weatheér prevent such a mission.

Similarly, several rocket flightson (improbable) perfect photographic days
could return to us complete information on the existence and location of all the air bases and
gmall towns in all of the Soviet Union and parts of China. Let us assume that the rockets will
go in parallel flights from the Arctic Ocean south over the Soviet Union. The rockets might be
recovered in the near East and in the Indian Ocean. The maximum altitade can be taken to be
700 miles, With a rocket vehicle fitted with a specially desgigned 36-inch panoramic camera
with 9-inch filrn, an uneamouflaged air field might be detectable at ranges up to 1500 miles (to
be congervative) in excellert weather.
could cover strips 300 miles wide transverse to the hne of ﬂxght and for-as long as daylight
and film hold out along the line of flight. MNight flights, with the balloon equipped with a 36-inch
£/6 lens of telescopic quality, might photograph artificial lights from streets, houses and fac~
tories from hundreds of miles away, For example, 3 telescope of & inches aperture can photo-
graph a 100-watt light from a distance of 250 miles in an exposure of one second. A suitable
camera can detect lights of cities at very great distances. Wintertime flights with Ealloons in
northern latitudes {Moscow is only 700 miles from the Arctic Circle) could pick up lights at ;




great digtances {300 miles), ecveringa strip 600 miles wide and perhaps 5000 miles long ata
vertical scale of 1:30,000. The balloons themaelves would be almost um’teteciable by any ordi-
nary means because of the Iong aights. . : :
It ic evident that, to be practical, one must always include weather and equip-
ment limitations in his analysis of 4 problem. The high probability of cioudy ‘wedther over the
Soviet Union makes & very deep cut into the photographi"’c‘ results to be expected.  On the equip-
mert side, we do not as yet have vehicles that can make held pedetrations without being detected
and intercepted. Our balloon techniques are still in a primitive s"age, compareci to what is
needed. W= do not have the type of rocket ment{oned ahove, and none is expected for many years

te come. ,
Nevertheless, we do have'marijr' types of equipment, vehkicles and techniques
that are nongtandard and unsuited to mass use in the regular Air Force reconngissance wings.
And there are intelligence needs of eritical importance that can'be satisfied by a few uiissicms
in a few aircraft and with a few well-selected, possibly clabarate items of equipment. In Chap~
ter 12 of this Report, we discusgs the nesed for spec:al reconnaissance units to handle special
equipment and special opercmonm
1. Special Large Lenses
. Special large lenaes perform the nsual pxctorial photography ‘with the help of
fasiwacting shutterg. The lenses are Iarge on the three counts of aperture, focal length and
format size. The lens {ypes available to us or beyond the lens design stage are:
. {a} 36-inch f/8.0 apachromatic lens for 9x 8, format. Two exist.
(b) 4C-inch £/5.0 telephoto for §x 8 with automatic focusing, thermostating.
This lens is available for use in quantity of ahout 150 units.

{c) 48-inch f‘/ﬁ,) telephota for 9x 18, In limited production of about 200 units.

{d) 48-inch £/4.5 lens for 18% 18. Prototype béing built. Intended primﬁrily
for night photogranhy in the infrared.

(e} 48-inch t/8 lens for 9x 8. Apochromatic and mtended for use with color
film. Experimental model partially built but msccntmued Could be
finished at any time, and 13 a top-quality lens. :

(f) 60-inch [/6.0 telephoto, folded, for 9x 5. One built and used in World
War II. Could be produced at any time. Small enough for fighter plane.

{g) 60-inch £/5.0 telephote, for 9x 18, Evacuated to prevent internal heat
waves, and sealed against moisture and dust. E’xperimemal madel dis-
continued .in 1945 but could be finighed. ]

{h} 72-inch I/VS,é/:lexia Ipr 18x18. A Canadian lens upnder development.

(i) 86-inch 1/8.0 lens for 18x36. Experimental model nearing completion.

(3) 100-inch f/10 lens for 2% 18, folded. Six‘havs besn mualde and are in use.

{k} 144-inch £/8.0 lens for 18x36 to be folded. Experimental model nearing
comgpletion. .

(1) 240-inch £/8.0 lens for 18x 3%, folded. One model completed, in use.
Two more sets of glass blanks available.

. Of the lenaes listed above, only the 40-inch £/5 and the 60-inch {/6 are perhaps

o
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small enough to be used in fighter planes, and were designed for this gpecific purpose in 1941,
Both lenses are capable of averaging 2% lines/mm on gocd phatographic days when carefully .
focused and used with a K-22 body and a shutter speed of 1/800 second. For best results, they
should be used by specially trained personnel.

The cther lenses on the list are too large to be used in fighters and are suit-
able only for use ip bombers.  The 86-, 144, and 240-inch are 50 large as to fit only into the
heaviest bombers ~ guch ag the HB-36 - but even here the installation iz & special, costly job.

The 100-inch has been used in open bomb bays of a plane ag small as the B-17, but not under
good circumstances for precision photography. ' .

All the lenses on the list are suitable for use in either verticals or obliques.
The expected average performance in the air in terms of average results on good and bad days
is portrayed on the curves of Fig.C-1, Appendix C. We can anticipate resolving powers of
three to five seconds of are should be obtainable on good photographic days if trained personnel
handle the cameras, )

Apart from considerations of weight, size and cost, there is another reason
for not uslng large lenses in the regular reconnaigsance wings. A lens such ag the 19C-inch
£/1G requires that good men be trained to use the camera properly and that these men be
equipped with certain aids not commonly available outside optival laboratories. Moreover,
these men should be under the supervision of individuals with thorough scientific backgrounds
in the figld.

For example, the ususl photographer {8 aware that a lens maust be properly
focused. However, the practice with standard aerial lenses ig to focus these lenseg in their :
cones at the factory, a job that is thought tc be done once and for all. Quite often in the field, .
the technician may reset the focus by his own standards, but he also will hope to focus his '
camera once for all time. In practice, different observers disagree widely as to the correct
foca) setting, owing io wide discrepancies betwean visual and photographic focus. One has to
focus for a given aperture, color of light source, emulsion, target contrast and target size.

If these conditions change, the focal setting may have to change. Hence, the ohserver in the
field is very likely to disagree with the factory setting. but is probably not any closer to an
optimum answer in view of variable conditiona.

For the larger lenses listed above, the focus itself becomes sufficiently vari-
able with temperature, air dengity and ground distance to be troublesome. For these lenses,
the ground is not at infinity. Many photographers may be aware of the need to focus forground
distance, but many are not. For the amaller lenses, it does not cguse an lmportant effect ex-
cept at low altitudes. Far the 240-inch lens, the effect is very important even at 40,000 feet.

For this reason, the 40-inch {/5 telephoto has built-in automatic focusing, and can go down to
2500 feet or up to 100,000 feet and still maintain {ts focus. Automatic focusing devices, how-
ever, are too complicated for even specialized use.

The air density effect is not commeoenly known. When the camera is taken
to higher altitudes, the sir leaves the lens and the individual elements become more highly re-
fracting. The focus is shortened. The effect for the l44-inch leas amounts to 2.5 mm at
40,000 feet, a considerabls error at /8.
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Temperature causes trouble on two counts. There is a change of focus with
ambient temperatures under equilibrium conditions which must be allowed for adequately.
Thus, if the I44-inch lens is in thermal equilibrium at 70°F, at «30°F there will be a change in
focus of about 4.2 mm. This change is guite subgtantial and cannot be neglected;

The other thermal change of focus is caused by thermal gradient, and this
effect can become very serious indeed. For example, if the 144-Inch lens is cooling at the
rate of 10° /hour, the focus will be ghorter vn this account by perhaps 3 wm. If the cooling rate
increases to 20°/hour, the focus may shorten by 6 mm.  Finally, as the léns settles into thermal
equilibrium, the focus may return to the equilibrivum value quite rapidly, perhaps at the rate of
one mm every five minutes. The depth of focus at {/8 for a resolution of 10 lines/mm is of the

order of 2 mm.

Lens systems from 40 inches to 72 inches can be placed in thermostated
compartmernts or heated within the cameras or focused sufficlently well according o known
conditions, However, the thermal gradient remains troublesome. For such use, the cameras
ought to be in a constant temperature space for over four hours before picture time and focused
for this temperature. This temperature should be maintained in the camera compariment,

It is clear that unless special attention is given, a large lens may be out of
focus, to the extent of 3 mm or more, at any particular time in the air. The pictures taken
under such circumsiances are likely to be very poor and will not justify use of an expensive
large lens. Sharp focusing is an absolute essential of good aerial photography., Untrained ob-
servers with the large lenses are usually not even aware that the focus shifts around over a
large range. Even trained obgervers must know how to take inio account the various factors.

The Boston University Optical Research Laboratory has devised a method of
focuaing in the air.  One takes a Land photograph with a small test camera on a tilted plane and
reads the focal setting as from a ruler. This is an excellent way to simplily the focusing pruob-
lem, and to make it possible for average observers o get good resultg. Its use is recommended
on all lenses of 96~inch focal length or larger.

Large lenses cannct receive ordinary maintenance, Disassembly, for example,
of the 60~inch telephoto by unequipped techniciang has made this lens of no value for photography.
Trained workers require test plates, flats, collimators, special film holders, microscopes,
gauges efc. to accomplish adjustment of the largest lenses even in the laboratory. We cannot
expect unirained personnel o do this kind of work. Large equipmeni requires a certain amount
of *nursing® and will not perform properly except in the hands of g trained operator.

Large lenses should be used in sultably designed camera bodies, with image-
motion compensation in antivibration mounts. I is even more important to have image-motion
compengation here than it is inthe case of standard equipment. There is little point to using
the larger expensive equipment only for the purpose of magnifying the aircraft’s motions.

Some of the larger cameras for.example, the 60-inch £/6 telephoto, and the
100~ and 240-inch cameras - are folded up with two. mirrors to achieve tompaciness. Mirrors
can be both an advantage and a disadvantage. If they are loose in their cells. mirrors become
portable seismographs and magnify the plane’s vibrations. If tight in their cells, mirrors may
not have an adequate optical figure and may spoil the picture quality. Conaiderable care must
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go into the design of mirrer cells to avoid these two Wil “I'fe 3verage perscn understands
iooseness and {s tempted to tighten bolis until the mirror 1s badly warped. Few people under-
stand that the warping of a mirror surface by only a few millionths of an inch may {mpair the
optical performance.

Even if mirror cameras are properly made and adjusted, it is vital that field
technicians be resirained from taking the carmera apart and readjusting it. All cur experience
{from the past war indicates that it is 2 rare event for a reassembled large lens to give ihe re~
sults for which it was designed. Usually the quality falls so drastically as to destroy the effec«
tiveness, and the large lens made at high cost and with great care is considered a bad piece of
equipment and discarded.

The only cure for this situation is te ingist that all the lenses and ACCOMPArny~
ing equipment listed above be used by and under the constant control of trained personnel of
specialized reconnaissance units.

2. Spotting Cameras

For many purpases, the cameras listed above cover a larger area than is
really needed, and are suited to survey work of large tracts of territory where it is not known
in advance what the important reconnaissance details may he. Such cameras can be used, for
example, for peripheral surveys of enemy territory where the plane is fiying 20 miles or more
offshore. These same large-coverage cameras are indispensable for use without an cbaerver
or in an unmanned vehicle. Coverage must make up for uncertain sighting.

For spoiting purposes, another class of cameras ig ugeful. Here, the recon-
naigsance details {o be observed have been selected from photographs made earller and more
information is sought. Most often, the focal length of the spotting camera will be large because
by implication one is seeking more detail. Also, on poor photographic days (compare Fig. C-1,
Appendix C) it takes a long focal iength lens to give adequate information return. Or, from
another point of view, for high ablique photographs where haze {5 practivally always present
even on gaod days. the long focal length lens is a necessity.

Artually, at the present time we have no gpotting camera diatinet from the
large aerial cameras listed above. We have been using six existing 100~{nch folded systems
for experimental oblique photography. These photographs are capable of showing many areas
of interest, but of smaill angular gize. It would be worth while to be able to keep such areas
upder surveillance by means of spotting cameras of focal length up to 24C inches, but designed
to be extremely compact with a necegsgarily smail angular field.

In 1945 at Harvard's wartime pptical research laboratory, 3 spotting camera
was designed; in those days it was called & "scout® camera. The lens was a 48-inch {/8 tele-
photo covering & 3-1/4x4-1/4 format. The optics were folded in a Z-shape with two mirrors
so that the instrument was of the order of 12x12x7 inches. With the accompanying 10x 580 bin-
oculars mounted in correct and rigid alignment on top, the instrument would have weighed about
25 pounds. The scout camera was never finished because the war ended. WNevertheless, the
conception was a gond one and would be useful even now.

There are aviilable a number of aptical means for obtaining small-field, com-
paci systems of high quality. The simplest of these is the ordinary Cassegrain telescope with
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two mirrors. However, thara are others with an-sphencal surfaces, modérate-size formats
and flat image surfaces, with speeda from f/3 to £/20 or so, according to what i5 deaired.
Spotting cameras of 240~inch focal length can best compromxse on speeds around £/15 15 keep
weight to a minimura. For such a camera, It would be worth while o uae the very fastest
emulsion in the red and infrared to offset the low lens speed,

As a ty;ﬁca.l axample of a spotting camers, there exists avery compact design
of a 60-inch £/3.3 covering a3-Vax 3-1/4 format with images of telescopic quality throughout,
Here. pne can use a fine-grain slow emulsion ta maintain'cnntrast and to obtain resolving powars

in the air up to 30 hnes/mm Cir, one can use a shutter speed of 1;’2000 second with Super-XX
in order to minimize vibration, - .

Obvigusly, there is no point in using a long focdl length lens for spotting pur-
poses if image motion or vibration gives low resolution values. The great danger of using a
240 ~inch £/15 is that vibration will spoil the high oblique work.. bne/can build a 100-inch £/10
for a 5x5 format - a lens that can be mounted in a box measuring 22x ZZx 15 gnd that will weigh
about 60 pounds or so. Where mirror. systams are uged, great care must be exercised in the
mounting details to prevent the mirrors from’ bemg warped by their cells or, conversely, to - :
prevent the mirrors from ratthng and exaggeratmg the already bad vxbratmn :

Once in a while, 1t will be necessary for the spotiing camera to do high
oblique work over new territory where a largewcmfemge lens {5 more to be desired, Such will
be the case with {lights of rockets, the X-1 and X-2, fighter planss, and the like, where small-
neas of equipment is essential, éﬁmequénﬂy. great gare must be exercised {5 prevent an )
aborted misgsion due to ina&equate directing of the spottiag camera, Where a piang can have a.
separate sbserver to handle tha camers, the gbserver should have & regular sight without
lenses and a pair of binoculars bore-gighted with the camera, The _chserver should be able 9
see both fcsrward and to either sxda of the airplane in order to determine where he iz and what
small and hand-held, or the pllot muss be equipped with a slmple sight ser-med {o the camera.
If the plane has @ bomb-director periscope, the camera shoxﬂd be servoed into the system. If
it is necessary tc have the camers fixed in an abhqua pasxtien rigidly in the strplane; the pilot
or extra observer should have avaﬂable a gight aligxxed with the camera, am:! the airplane itself
must be ditected,

Waork should be continued on ways and means of reducing the
gize and cost of long focal length lenses or mirror systems
and an the optimum designs for spotting cameraa for focal
lengths from 48 i’m‘:hes to 249 iﬂchw* The instmlatxm m

axrcraﬁ: to be used. Image mmmm vibration, and shuttar
‘speed must be given full weight {n assassing posaible’ ées:;@m

3. Panoramic Cameras
The most cogent criticism of jarge panoramic camerad is that they give too ,
much mformatmn. rather than tcw little, I:{&he,ultimate possibmties of panoramic cameras
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were realized, we would be using enormous quantities of film far beyond our capacity for pro-
cessing the data inio intelligence. Conseguently, panoramic cameras become special tools to
be used for wide-area reconnaissance over more or less unknown territory.

There are several kinds of panoramic systems but all have in common a trans-
verse sweeping motion relative to the film, whether the camera is fed by a rotating prism or
mirrer, whether the camera rotates as a whole, or whether the leng rotates inside the camera.
We need not ge into details of construction here. The photograph taken by a panoramic camera
has cylindrical distertion, brought about by the projection of the practically flat surface of the
earth through a point of perspective onto a concave cylindrical surface containing the emulsion.
There are several ways of rectifying the negative back onte a comparatively undistorted print,
and one can work up to within 10 degrees of the horizon in a useful way. On an original print
taken with the existing 48-inch panoramic camera, interpretable detail can be follawed to within
5 degrees of the horizon on what must have been a first-quality photographic day. The altitude
was 20,000 feet; the most distant interpretable detail on this print lles 45 miles from the plane,
yielding a 390-mile~wide strip from only 4 miles altitude.

The panoramic method becomes even more spectacular from altitudes of 45
miles, such as would be available with the X-2. Here, one can photograph interpretable detail
on a gitrip 600 miles wide. In excellent weather, there {s no significant change in haze between
ordinary flight ceilings of 7 miles and 45 miles altitude.

Two types of panoramic cameras are available - the 6-inch and the 48-inch -
and a 24-iach is under study. The b6-inch wieldable camera is a strip camera mounted in such
a way that the entire camera rotates on an axis and completes a transverse sweep, The camers
has been used successfully in the air. The 48-inch is a vertical installation, making use of a
scanning prism that can be at the bottom of the compartment. The size and cost of the 48-inch
panoramic cameras has tended to make the panoramic camera an unpopular type, whereas a
36~inch panoramic camera would be far smaller and hardly any larger than the existing K-40
camera.

A 24-inch panoramic camera of another form is being studied, so that we
shall shortly have three types. Before constructing additional 48-inch cameras, {t will be well
to consider a 36-inch camera for 1000 feet of 9-1/2 inch film. 'The 24-inch panoramic camera
makes use of a gcanning mirror. The resulting camera cannot include the horizon on either
side in its sweep unless the camera ig either close to the floor of the compartment or unless
large enough windows are provided.

The film consumption of panoramic cameras is very considerable, a fact that
puts a burden on the power needed, weight of film, and size of equipment. The existing 48-inch
panoramic camera uses 5000 feet of film 18-1/2 inches wide. The result is a spectacular but
too-bulky camera installation costing a great deal of money and usable only in the RB-36. It
would be more practical to confine panoramic cameras to the range of focal lengths {from 6 inches
to 36 inches and to use not more than 1000 feet of film 9-1/2 inches wide. By apecial emphasis
on weight and size reduction, one can design a quite compact panoramic camera with a lens of
36-inch focal length.

It is sugpgested that, after the possibilities of the 24-inch panoramic camera
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have been studied, an evaluation of compellng panoramic camera systems should be made and a
course of action determined, If the pamramm fLamera is to be used, steps should be taken im-
mediately thereafter to develop the most useful rectifymg apparatug. ‘

4. Strip Cameras

There exists a wide d1f£arance or apuu.cm over the utimy of the sirip camera
in aerial photography. The arguments pro and con are as follows. ‘

Pro:

{1} Elegtronic syncbfﬁnizatiéﬁ‘zbf film speed with image apeed permits
the cttri{: camers to be used f‘uaceasfuny even in gupersonic airplasdes and
at very low a!tizudes, where aven mt?: the usual ]e.t f*ghzer the image speed
ishigp. -

{2} The strip camera bmlds ups its p:cmre in one direction by parsllel
perspective. The camera cs.n there!ore Hook down siwets“ in side views
and verticals, whereas a pomt«perspective photograph of urr.Lnary cameras

_ causes buildings te hide the streets. . :

{3) Stergo-strip pmtures incolor atiow a.ltituda re?eal exeeuent gmund

’ detaili -One can evedl see spmkes m bicyﬁie wheeis frsm 200 feet altitude ’
ata speed of 400 mph. ~ . . .

(4) Projection of stargo-strip pictures reproduces the feeling of “nymg“
very realistically ag the picture is moved slawly across the screen.
One gets views even down inside bornbed-out shella of buildmgsy

{5) Because of gnod image syncnromzatian. longer exposures can be
tmade on very-poor photographic days.

{6} The strip camera is the only device we have at present far law~
altitude uge in jet planes. o

'Con_

TR0 'I‘he strip camera does not stand alone for phemgraphy fram {53t
airplanes. Once we have developed the fast- cyclmg 70-mm camera, or
the 5-lnch film camera described in Chaptar 5, we shall be able to use
these in the fastest airplanes at ‘any a.l,tmzdes. and ham:e can compete on
even terms with the gtrip camera. ‘

(2] The strip camera cannct ta.ke forward obhquea (dicing) whereas a
fast-cyeling 70-mm camera can be used very successfully in this way.

{(3) The strip camej-a shows a progressive deterioration with altitude,
mving to the randam traverse of the line of sight on the graund as cauged |
by roll, piich and yaw of the plane. - Another way of describing the problem
is to say that the scale becomes smaller at the higher altitude for the same
degree of roll, pitch and yavr.

the film {or hzgh-aiﬁtude use Therefar«e. the motinmstappmg ability of
a given phatngrap'nic exposure time is made warse through inefficiency of
the slit shutter
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{5} The strip ¢amera cannot be used for purposes of meagurement .
along the line of flight to a desired degree of precision. In vertical use, :
one camnot know with accuracy what plane movements have been super-
impoeed on the picture. In obligue use, a time-consuming provess of
reduction Is required, and even then the calibration ig not exact, The
strip camera can be used for measurements of helghty of buildings,
sea walls, etc,., in side obliques.

(6) In a strip camera, film synchronization is passible for side obligues
only for a chosen direction, say, the optical axis. Therefore, near scbjects
are compressed along the line of {light and distant objects are stretched
along the line of flight. Thig distortion is oBijectionable. If the slitg are
rarrow and the disparity in distance not too great, there is danger that a
photo-interpreter will be misled into furnishing measurements that seem
to be correct but agtuzlly are not.

{7) In gide obliques the steren view is distorted. Some of this distor~
tion ean be eliminated in practice by tilting the slits. However, the tilt of
the glits must be varied according to the obligque angle, and for the verti-
¢al the slits muat become parallel straight lines.

(3) "Looking down streets cammot be accomplished if the plane happens
to be fiying at a 45-degree angle to the streets. European cities are not
likely to be laid out in rectangular patterns for controlled flying.

{5) High-altitude photographs made with long focal length lenses in steren .
can alsc lock down into streets and inte bombed-out buildings. Therefore, the
strip camera fulfills no nead that cannot ultimately be taken care of by ordi-
nary cameras, once the 70-mrm camera or equivalent has become available.

{16} The present strip cameras are useful only for daytime recunnaissance.

The strip camera fulfills a need for low-aliitude daytime
gweeps in jet fighters, and is ihe only camera we have at
present for succesaful use under these conditions. Its con-
tinued uze is indicaied umtil the 70-mm fast-cyeling camers
or equivalent has been service tested and proved satisfac-
tory. Thereafter, it may be possible to use the 70-mm cam-
era for all normal low-altitude photography, and to reserve
the strip cameras far special migsions carried out by spe-
cialized reconnalszance units.

B. OPERATIONS
i. Peripheral Missions
The most important photographic means available to us on a pre-D-Day basis
is one of peripheral or border photography from non-enemy territary or off the coasta of the
Soviet Union and China. i




High Obliques: 6-10 Miles Altitude

Although long-range oblique photography accomplished to date {s spectacular,
it is not the perfection of the photography but the imiriguing character of high obliques that causes
the pictures to be considered successful. From a pholographic point of view, the photographs
shown the Study Group are substandard in gquality and well below what can be obtained by equip-
ment of beiter design for the purpose, and used by personnel trained to know the internal trou-
bles of optical systems. To a large extent, the 100-inch £/10 folded camera with 9x 18 format
has been used; however, this camers was designed primarily for vertical photography and is
structurally weak in the pesition used for oblique work. Also, the two mirrors are a possible
source of trouble and, if improperly used, may affect picture guality. There are considerable
changes in focus {due to temperature, altitude, and temperature gradients) that must be‘evalu-
ated and compensated. The carmera hag no image-~motion compensation, which'for high oblique
work is not too vital, and is not mounted adequately against vibration. The result is that the
average photographs resolve only 3 or 4 lines/mm and the contrast is very poor. We are told
that, when a trained photographer operated one of these cameras, the resolving power went up
to b or 7 lines/mm. In the laboratory, the same equipment resclved 45 lines/mm over the en-
tire format for each of the six lenses.

We have made no effort as yeti to realize the possibilities of peripheral photog-~
raphy. By using high altitudes and remalining somewhat out to sea, .we can choose the best
photographic weather and the best lie of the sun with respect to Soviet territory. The flights
must be planned to achieve the very best contrast inthe distant detalls.  This contrast depends
critically on choosing clear weather free of ground haze, and the proper picture time relative
to the sun.

Long-Range Obliques: " 10-45 Miles Altitude
Most of the atmogpheric haze on good photographic days is confined to altitudes

below 10,000 feet. The basic atmosphere free of waler vapor and dust is quite satisfactorily
transparent to red and infrared light, as is well known in desert regions of the world, Never-
theless, such scattering as i{s produced in the pure atmosphere on good days above 10,000 feet
is hardly any more pronounced at 45 miles altitude than at 7 miles,

It seems that our highest-altitude photographs may éverntually be made in un~
powered portions of the flight of a rocket or rocket-type vehicle. If balloons are used, there
will similarly be no power to introduce vibration. Under these circumstances, we can expect
our extreme peripheral obliques fo bé more or less free of vibration problems, and can expect
our photograplic performance to be better than average. It is not unreasonable, therefore, to
expect a performance in excess of 15 lines/mm from 45 miles altitude, provided we have proper
focus and a shutter fast enough to stop random motions. It is important that the shutter does
not cause vibration or recoil of the camera. Assuming that we have good weather and that the
personnel handling the photographic installation have adequate testing equipment at hand and are
trained for the purpose, an average quality of 20 lines/mm should be our porm.

Thus, if we revise our thinking to include extreme-altitude obliques, we find
that we can see far into the Soviet Union without violating frontiers, Furthermore, the rocket-
type vehicles required could fly farther from the border and would probably be more difficult
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Figure C-1 of Appendix C demonstrates that choice of goed photographic day
makes a great deal of difference in the amount of interpretable detail obtained 4t a given large

for the Soviet Union to find and intercept.

focal length. 1If the weather is of sxcellent quality, we can lock twice or three times as far into
the U.5.5.R. 23 on a bad day. The weather must be good over the entire areka to be photographed,
with the severest requirements given to atmospheric layers near the limit of the oblique, say

at a 5-degree slope angle of the line of sight to the ground at the target area.

The vehicular problem, which ig at the core of peripheral misasions, is dis-
cussed in detail in Chapter 1f. Af the present time, we have the X-1 with a ceiling of 20 miles
or so, and shortly may have the X-2 in use at ceilings up to 45 miles. Currently, thsre is no
suitable eamera equipment for the X-2 for the long-range high obligue missions. The danger is
that short focal length cameras will be dsed because of the natursl need for smaliness, whereas
long focal length equipment of light weight and compactness can and should be developed. The
extreme value of the high-altitude long-range oblique should not be sold short because there is
apparently room for only short focdl length equipment. Suitable equipment should be designed
in which long focal lengih is ¢ombined with smallness. This camera should have a focal length
of 100 inches at {/10, should not weigh more than 50 pounds, and should not be larger than
22x22x15 inchea, The pilot should be able 1o direct the obligue camera toward any clear area
in the distance he may wish to photograph. The camera should be fast-cycling to permit a maxi~
mum number of pictures in the time of flight. If we combine excellent weather with precision-
quality long focus lenses, and take pictures from very high altitudes, we have a capability for
lpoking hundreds of miles into the U.5.5.R. without violating Soviet airspace,

Thus, If we weye to use a rocket plane such as the X-Z up to 45 miles altitude

we might photograph 300 miles into Rusaia. With a very compact 100~inch fast éycimg spotting

camera we could take pictures showing details as small ag 190 feet on a side resolved at this

limiting distance of 300 miles. We ecould recognize details approximately 400 feet on a side.

Contrast gradations weould permit study of crops, forests, roads, and the like. Rivers and lakes
would not only be recognizable but could be charted quite accurately. .

The Study Group has been shown a winter-time scene {n a vertical picture
made from 90,000 feet altitude showing railrcad beds and highways with the taking lens having &
focal length of only 44 mm. This is a distance of 17 miles. If we wish to obtain the same de-
tails at 300 miles, we have a factor of 17.6 transversely which applied to 44 mm yislds a focal
length of only 30.% inches. Thus, if we use a 36-inch lens on a good day with snow cover, we
could expect to see rail beds, towns, roads and other such details 300 miles inside the U.8.5. H.
The development of the X~2 airplane indicates that the reans for such operations may be close
at hand. A very light-weight 36-lpnch camera can be buili for the job. a
Long-Range Panoramic Obliques: 45-250 Miles Altitude

If we further revise our thinking to include gtill greater altitudes than thoge
discusged ahove, the possibilities become even more gpectacular. The WAC CORPORAL as a
second-stage rocket has been up to 250 miles. With a larger rocket at 200 miles, carrying a

light-weight camera, with lens of long focal length, we can think of photographing 1000 miles
into the U.5.5.R. (see Table 6-1}. The haze problem will not be significantly worse. Al
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. 1000 miles, a 100«inch fodal 1ength can patenﬁally show airfields, towns, rivers, crops, forests,
and the ltke. - v T e e

Let us consider the physical conditions at a polnt 250 mzles above the earth's
surface. Practically all the atmosphere fies below this pomt. ‘The'horizen lies at an angle of
depression from a horizontal plane of about 20 degrees, owi.ng to the spherical shape of the
earth. Above this horizon, the sky will be dark enough to show the brighter stars, even though
the gun is well above the horizon. The atmaaphere and earth's surface belt:!w the horizon will be
brightly illuminated all the way from the daridsh areas of the pcean to the white surfuce of ei~
tensive cloud layers. Where there are no clouds, indicating ¢lear weather over the ares. the
earth’'s surface will show ﬁarkish and hazy coloration, varying from the greens of forests and =
crops to the brownish reds of the deserts. all the colors bemg washed out and left unsaturated
by the everlying bluish atnmsphere V’xsuany, the contrast ‘will be poor except for ground arsas

 directly below, In infrared light, however, the contrast ‘will be much improved. The basic at-
mospheric Raylelgh scattering will be penetrated by ‘the ‘infrared light rather well, even for light
leaving the groxmd at the target area ate 5.degree slope angle {0 the tangent plane. In Table 6-1,
the target area is calculated to He at such a distance from the rocket that the line of sight actu-
ally does have a 5-degree slope angle with the tangent plane. Photographs at hand indicate that
on good days, even at such a low angle, there remains much interpretabie detail:

Table 6-1 presents the results of calcula ns made from Fig. b-1. We see
that, at an altitude of 160.0 miiles, we can penatrate a dlstance of 816.1 miles along the pround
from the rocket takeoff paint before the lire of sight reaches the 5-degree limiting angle with the

. : tangent plane at the target area. To pressrve approximately the same photdgraphic scale a5 the
reveaiing pictures taken by E.P.Ney {at the University of Minrtesybm) fmm 17 miles with & 44-mm
lens (see Fig.5-4), we have culy to provide a foeal length of 77 i.nches, Thxs;tppears quite fea~
sible if optical technigues are adequately exploited. .

One of the most promising techniques sppears to be a fuller exploitation of
vertical rockets. We v1snahze simply a rocket-camera combination, as elementary in charac-
ter as will do the job. The rocket will serve essenﬁauy as & motor to drive the camera to as
high an altitude as possible. The camera is to be a one- pmture affair, consisting of an optical
arrangement of panoramic type but nonsweeping. The ;nctux-e istobeongz single piece of film
wheres the whéle golid angle beneath the rocket has been turned into an annular area on the film.
By employing distortion, one can use an equivalent focal Iength of perhaps 100 inches in the

aread near the horizon varying down to perhaps 50 inches at 45 degrees off the vertical: In this
way a relatively small picture can be obtainzd and a long focal length retained where écale is
neaded. The camera should take in the entire horizon by means of a single shutter movement,
spring-operated. One needs only to have some means, such as rocket spin, for the rocket to
preserve a vertical axis up to bicture time. The peculiar plctures that are obtained can be re-
daced by mapping methods into the usual charts, and can beused for reconnaigsance purposes.
Weather observatfons will'be a byproduct becsuse such p)ctures will contain perhaps a millian
square miles, only a portion of which may be clear, ‘

There are dzstim:t possibilities for a panaramxc—tvpe camera employing a
single sweep, spring-~driven. The rocket may be spinning to preserve n verticeﬂ axis, with the
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Fig. 6-1, The basic geometry of long-range cb-
lique photography, as shown in meriodional section.
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TABLE 6 ~ 1

ALTITUNDE-DISTANCE RELATIONSHIPS FOR LONG-RANGE OBLIQUES
{the earth’s curvalure is taken into acccunt)

; Focal Length! Horizon Dis+~{ Horizon Dis~ Angle of Target Dig~ | Target Dis- Angle of
: for Constant ] tance Along | {ance Along | Depression | tance Along | tance Along | Depression
Altitude Scale Ground Liwe of Sight { of Horizon Ground Line of Sight { of Target
.h {miles) t (ing:hes'} ROH (m?les) Sﬁ {rmiles) BH {depgrees) RGT {miles) S‘I‘ {miles) BT (degrees)
2.5 252 | . o14L5 141.5 2.0 275 o2mk 5.4
5.0 4,86 Sasse | 2001 29 53,1 533 | . 5.8
10.0 S T 282,6 S a3 | . 40 99,9 100.5 b
20.0 16.6 399,2 - 400.5 5.7 180.8 182.4 7.6
40.0 28.9 . 5633 s67.1 8.1 313,1 3171 9.5
-80.0 Cag. 793,41 804.0 11.4 516.8 527.7 12.4
10,0 1 TI 1.0 | 11428 15.9 8161 | B4b.O 16.7
320.0 120.3 15403 1631,7 22.2 12371 L anee | 227
640.0 |  185.0 2125.8 2351.5 30,5 1802.5 20286 | 308
1280.0 2840 | 2844.8 3446.5 408 | 25134 TEIS5 | 4L0
2560,0 C443.3 | 36602 5199.4 o osza o 1 aszzs 4B6Z.3. &2
h = ahltude of rmkat in miles to peak mt Lh
£ = focal !ength ol lens requlred to-glve same scalﬂ as on balloon- p}cmres bhn\'ﬂl by Ney with 44-mm iens
R . = radius of earth, adopted as 4000 miles g
BHT = angle at center of earth between horizon poim of tangency xmd rocket take«:ff point, L
5}[ = distance from peak rocket alutucle Ly, along line of sight te horizon point of t&ng&ncy.
ﬁn = angle of depression of H as seen from Ts, .
f.p, = angle at center of earth between target point T and L,
ST = disiance along line of sight from Ly toT
¢’I‘ = slope angle of line of sight to tangent plane at T, adeopted here asz 5 degrees to go mth phcmgraphs at hand
- showing interpretable detail at this lmiting angle ,
13

= angle of depression of T as =een from Lh
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single photograph made near peak altitude, gouged by a timing device. Just prior to picture tak- ...
ing, the film is made stationary in space by the inertial properties of a transitory, spring-

driven gyroscope. Gyro precession can even prepare the camera for the picture.

If these techniques can be worked out on a sufficiently inexpensive basis, we
have a means for maintaining a kind of patrol of Soviet areas. Perhaps there could be a number
of well-located stations, such as in northern Japan, South Korea, Formosas, Turkey, Greece,
Yugoslavia, West Germany, and the like, where rockets are sent up &t frequent intervals. One
advantage of the high-altitude peripheral approach for pre-D-Day surveillance deep into the
U.S5.5.R. iz that we can choose days when the weather near the border on either side is very
bad, but when the weather beyond is good for photography. The rocket vehicle can go up through
ihis bad weather and look into clear areas far away in the Soviet Union.
the technigue.

Figure 6.2 illustrates

U-S-8:R Territory

f‘

{60 miles

S elouds T T
TS stormocover v VAR

L

Telouds

}b\ - 8 .
cstarm cover. . T T T L
e RO CooBEE miles Tt e e
Fig.&-2. A schematic representation of the long-range obligue .
from altitudes obtainable with rocket-camera combi-

nations.

The photographic equipment reeded for the long«range obligue from high alti-
tudes, the installation problem, the plarming and the carrying out of the missions should all be
handled by special reconnaissance units such as are deseribed in Chapter 12. In any case, 2
high level of technical results must be attained on these special reconnaissance missions. Poor
photographic resulis need not be tolerated in view of what is now feasible.

By the fullest exploitation of rocket vehicles, camera eguipment
and weather, we can create z pre-D-Day capability that will en-
able us to photograph large portions of the Soviet Union and China
without violating their airspace.

2. Penetration Missions

Two types of vehicles for possible pre-D-Day penetration missions are given
particular emphasis in Chapter 11: high-~altitude balloons and guided missiles of the RB-62
{SNARK) type. The views of the BEACON HILL Study Group on the relative merits of these sys-
tems are stated in Chapter 11.

With high-altitude balloons, it hes already been demonstrated that even lenses
of short focal length can return valuable information from 17 miles altitude {see Figs. 6-3, -4,
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. and 6-4}. Pictures taken from 18 miles (95,000 feet) with a 36-inch focal length lens are of
first quality and reveal a tremendous amount of detail (see Fig.5-5). Power and duration are
both factors to be considered. A single storage battery weighing 30 pounds at a 200 ampere-
hour rating can cycle a 36-inch camera for as long as the film holds out, the latter having a
practical guantitative limit too. A panoramic camersa requires mach more power, and a study
would have to be made to determine how much is needed. It should be possible to employ a 24-
inch focal length, compactly designed panoramic camera, wsing 9 1/2-inch film 1000 feet long,
which together with the power plant would weigh less than 300 pounds. From 18 miles altitude
from halloons, one can obtain 160 photographic strips 300 miles by 6.7 miles with a large amount
of interpretable detail.

The camera problems for SNARK are similar to those discussed in Chapter 5
for high-altitude photography from manned aireraft. The emphasis should be on compact cam-

era designs with focal lengths up to 36 inches.




Fig. 6-3. A contact print of a picture taken from 90,500 feet with a
6-inch Metrogon wide-angle lens and yellow filter.” The atmospheric con.
ditions were good'but far from excellent. Later pictures in the balloon
flight show extensive cumulus ¢louds. The target point where the line of
sight makes a 5-degree slope angle with the tangent plane s approximately
0.2 inch below the horizon line, The curvature of the earth is clearly
shown. The picture is by no means top quality, owing to imperfect weather
uge of a yellow filter and Super-XX instead of a red or infraced filter-
emulsion combination, and to insufficient scale. Table 6-1 recommends

. use of at least a l6-inch focal length lens inthe direction of the target
point lnstead of a é-inch. As discussed elsewhere in this Report, focal
length is of prime importance for penetrating the horizon haze:







Fig. 6-4. The picture {5 an enlargement of a negative taken with a
44.mm focal length lens fram a balloon at 80,000 {get in the wintertime.
The scale of the original negative is 1:600,004, . U







nlargement of & negative taken with a
balloon at 10,000 feet in the summer-

interpretable detail-at an original =
in Table 6.1 ig 1:600,000

Fig. -5 The picturé isane
1» Y2 ~inch focal length lens [rom a
“time. The photograph shows much

scale of 1:560,500, The minimum scale proposed
ting target point in the trangverse

at the 5-degree slope angle and Hmi
direction to the line of sight. :







Fig, b<b, This pleture was taken om the same dlight as the Imgfée
graph of Fig. 4-5. but'with a-J-inch taking levs. The original scale
approximates 1:280,004. S ,

A







A 2X enlargement of a portion of a 9X18-inch vertical photo-

A
vellow filtéer was used. The exposure time was approximately [/125.th of
a szcond.  The photograph is of high quality and demonstrates how little
haze there is on an excellent photographic day. The seale is 1:32,000,

Fig. 6-7.
graph made from a balloon at 95,000 feet with a 36-inch {/8 telephoto.
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CEAPT ER 7
A NEW APPROACH TO PHDTOGRAP}HC RECONNAISSANCE

-

Aserial photography presenta iwo great problems. The first is that the ground
as seen through 10,000 feet of hazy air presents a range of brightness of enly five to one on good
days and of less than two to cne. on poor (but not bad} days.  Because photograptuc emulsions ‘
are really layers of pigment, fine liftes with small contrast between therm are Llurred put at the
time of image formation by gcattering in the emulsaion, Hence. resolving power from the air,
for targets on the ground, drops from the 40- to 100- line range that we achieve in pht}tagraphy
in our everyday life to a 3- to 14-line range from the air.

The gecond problem in aerial photographv i5 that the image shdes around on
the film during exposure - siides in one direcm;m because the airplane is moving, and slides in
all directions because the optical axis of the camera vibrates within a seriously large angled
cong - thus pointing the camera to 2 variaty of slightly different places during the time of ex-
posure, Ifis mtunively obvious that even without the hage, and even with a phetographic film
that did not scatter light, this angular vibration-of the camera would be gljjectionable, But it
is almost disastrous when compounded with these other dxffica,!tiea. tecauge the already-low
contrast is diminished still further, leaving it possible to rasoive so few lines per millimeter
that the whale camera must be large to prowde a big p*cture, with de'aﬂ gross enough to he
recorded. And now the vicious circle closes, because the big camera demands big mechaniams -
to stop the image from sMding around. These are as yet unavallable or nat in use, 8o the re-

- solving power goes down - and the camera size, in an inflationary sort of'irray. goes up ongs

again,

) How can this trend be eountered" There' is ene happy combination of oppor-
tunities. If it were possible touse a small camera, it could be thounted with its center of = ‘
gravity at the center of a gyroscopic syatem (or the equivalent, which we shall discuss later}.-
It is interesting to congider the advantage of the integral system, thatis thus made possible,
over so-called stabilized pzatxorma'; These involve gyroscopes and serve aystems that are
characterized by associated oscillatory motions, whereas the small camera integrally stabilized
is free from theae minute but optically dangerous excursgons- Naw, {f we do succeed in freeing
the camera from all angular vibration, and if we use the same stabilizing mechanism ta rotate
the optic axia for irage-moticn compenaaticn, then we should be able to bring at least 2 §50-
1me~per—zmllime€er image to the film. TR

" The problem then would bé ta obtam an emulsion competent to resolve such a
fine unage at the low contrasts that must prevaﬂ hecauge of aerxal haze. Such emulsians would
be fine-grained, comrasiy, and somewhat slow. The slight slowaess however ig not an obstacle,
since the gtabilized image in this camera makes possible longer expogures. Thus we see that
the small camera makes possible a stable image, the stable image makes feasible a smallfilm,
a smau mm makes passible a small camera, and a small camera can be stabilized,

In the course of reviewing photography as it is now known or contemplated in
the Air Force, we came to visuahze this new, systematic appreach, extenc:hng from the emul-~
sion manufacturer to the photographxc interpreter. This approach, which we have designated
as the "Reconograph System," unifies in two or three relatively sma.u *black bm‘.es“ the
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handling of all tasks in merial phctugraphy.
Box 1 :

Box 1, which is primarily the camera placed over a ﬁndovf in an airpiane.: is
designed to solve within itself all its own prabiéms: antivibration mounting, image-motion
compensation, exposure contrel, orientation, and programing, The box is small gnough-to
go in a fighter, and makas no "ay&tems“ demand on the plane other than voLumetrxc

Box I

Box I performa the total procésaing operation. - It derives its compactness
and automaticity from three proposals: '

{a) The Reconograph can make feasible good photography at high altitudes

(30,000 feet) with film as small as 35 to 70 mm.
{b) Processing is accomplished by one of the new i.nstantanaaus technigues.
(¢) The image is viewed {in Box III) through a magnifying binccular as a
transparency, the transparency being either a negative develcped for high contrast and
for being viewed directly, or a pogitive made hy reversal.: '

As compared with the elaborate installations required tcday, ‘Box II * is spee-
tacularly compact. Indeed it is eéxpected that in the near future Box I may become sa
torupact as to make the processing step an almost spontanegus transition from exposed

filra to film ready for observation,
Box I

Box Il is the viewlng station. It involves aa}lbits' rimary oéfic’.ﬂ‘mechanism

. a binocular mic¢rescope of ,varia,ble magnification. The film ‘the reel - expased in Box
1, processed in Box II - feeds into Box Il where the stéregscopic pairs may be examined
with mag‘ni‘ficatiéns as low ag 2 times and as high as 30. : Here cHe af the dominant pri.nci~

should be in as primitive fcrm as posslbie. ‘Ever'y departure from thig primitive recard
undertaken for seathetic reasons - such as choosing to use a positive rather than a'nega-
tive ~ rmust be Justlfied by careful comparison of what is gained aesthetmally mth what
must be lost from the initial information content.

Box III may be elaboraled. By using a sequence of newmg gtations, & group
of sperialists in differemnt aspects of interpretation can work at the same table on the same
reel of film. " A projection prmter ‘for projecting an enlarged plcture on to standard phato-
graphic paper for subseguent development and distribition can be so built that the observer
using the microscope can decide what frames and what portions of frames he wishes re-
corded; by depresémg sn indicator he can have these records made wlthout pausing in his

| continued gbservation of the reel. : o

- Of course, many of the purposes of the Reccmgraph System have been con-
sidered in the past. When examined one by on they seem to lack novelty, and many of them
have a history of impracticability. We shall try ta aimw ‘here that, by aggregnting all the good
purpases and by undertaking in a determined way to solva at ane and the game time all the prob-
lems of making photography an elegant and compact tool of recmmaxssance, the problems are
simpu,fxed and the zmpracuca.blhty eliminated. oo
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Let us proceed to the study of the heart of Box I. We have already indicated .
that the format is small. The lenses range in focal length from 2 inches to a 1Z-inch telephoto.
The {ilm frame, where the image iz formed, and the lenses are mounted rigidly togsether, and
this rigid mount has its center of gravity at the center of double gimbals. From the film frame
to the reels the film iravels in opaque, flat, flexible tubing. The pogition of the gimbals and
their rate of change of orientation is datermined by special "motors® on the appropriate axes of
the gimbals. )

We have seen that one of the most serious sources of degradation of quality
in aerial photography is vibration, but what must be emphasized is that it is not the transia-
tionzal components of the vibration but the rotatory that are damaging. We have also seen that
the other important acurce of degradation at the time of image formation is the sliding of the
optical image across the film because of the progress of the airplane. Both these sources of
degradation can be eliminated by the gimbals mounting and the assoclated motors. When they
are eliminated, fast shutlers and ~ what i3 more important ~ {ast {ilm become unnecessary.

It iz in this way that an opportunity is created to select emulsions and to creaie new emulsions

designed particularly for high resolution even when the target manifests low optical contrast.

The motors provide the controllable regioring torque and damping in the
mechanical linkage between the camera and airplane. At the same time,they provide a means
{or sensing relative angular position on the bagis of which the appropriate restoring and damp-~
ing torques are electronically controlled. A third function of the motars is to provide a ¢on-
trolled angular impulse just prior o exposure to effect the required image-motion compensa-
tion. In effect, the motors aré a pair of hands connected to a rudimentary brain and are able
to provide a position control that is at all times appropriate to the function. .

It is the ability of Box I to bring a perfectly stabilized image to the emulsion
that is the first basis for our hope of a revolutionary simplification of aerial photography. The
existence of an apparatus that will take advantage of every improvement in resolving power and
sharpness, and at the same time permit the uge of slower emulsions, will be a most pawerful
stimulant to the development of films capable of exploiting all the virtues of such a system.
Indeed, it appears that films do exist now that would be satisfactory., Preliminary observations
that we have made during the dourse of this study indicate that some of the flne-grain, high-
contrast emulsions now available, if used in Box I, and correctly exposed, would pravide
stereogcoplc pairs in the form of negative transparencies that are amatzingly rich in reconnais-
sance information and can be profitably viewed in a high-magnification (20%) binoeular micro~
scope.

In summary, then, from an apparatus point of view, the Reconograph System
wauld use 35. to T¢-mm film, 2- to 12«inch focal length lenses, a4 camera gtabilized for rota-
lery vibrations with image-motion compensation deriving from the stabilizing system. It would

feed the film continucusly through a processur that would instantaneously convert it to a con~
trasty transparency which would be viewed as such in the variahle-magnification steresscopic
microscope.

it




. ' We recommend the development of the Recamgmph System

’ as a meany of providing for aerial photography a gystematic
approach extending from emulsion manulacture to the photos
interpreter.
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PHOTOELECTRIC AIDS TO RECONNAISSANCE

A. INTRODUCTION

The adaptation of certain proven photoelectric techniques to reconnaissance
missions can, we believe, be of great use in picking up and transmitting information from an
airborne vehicle to anather aircraft or to the ground. At the present time, reconnaissance
aircraft must deliver film by landing at a base or dropping a container of film by parachute;
the film must then be processed, prints must be made, and these must be sent to the appropri-
ate destination by carrier or by facsimile transmission similar to that used for newspaper
phetography (this latter technique is in an experimental evaluation stage at SAC). The limita-
tions of present procedures as they affect combat capabilities are;

{1} The reconnaissance aircraft may be lost to enemy action ‘and hence

not return to base; thus, no advantage can be derived from any information it has
secured,

{2} There is a long time lag if, after the photographic intelligence is

processed, the courier aircraft has to make a long flight; or if weather conditions
delay takeoff. .

Both limitations can be overcome by application of photoeleciric techniques.
In addition, certain advantages, other than speed and insurance against loss, can be derived
from use of the proposed procedures.

We shall discuss here only the use of well-known methods in conjunction with
equipment and components already in existence {or essentially ready for use).  The methods
we propose are neither television nor facsimile as these are currently known, but are custom-
tailored to reconnaissance needs. By their use, information could be obtained from an air-
craft in flight in a fraction of the time now required for the vehicle to return to base, land, and
deliver the results of its mission. FPhotoelectric techniques could be utilized in several ways:

{1} Direct photoelectric pickup, enabling a distant receiving statiem to

“gsee" on a gcreen the Ssame terrain aspects observed by the reconnaissance afreraft.
(2) Transmission of visual photographs to ancther aircraft or to.a
ground station )
{3} Transmission of radar-scope photographs to another aircraft
or to a ground station.
We shall recammend that each of these methods be developed experimentally

and evaluated for use in reconnaissance missions.

B. INSTANTANEQUS IMAGE VIEWING
The advantages of instantanecus pickup and {ransmission of visual images are
numerpus. Some of the more important ones are:
{1} The shortest possible delay between observation and interpreta-
tion;
(2} Great light sensitivity;
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(3) An electronic link within the pla.ntaf'pbi'mits observation of the
ground by the pilot in flight, g A ' o

Instantanecus image viewing lends itself par‘xcularly to use by low-flylng
fighter aircraft ag a meang of quir:kly obtammg information on targets of opportunity. Also, i
the alreraft fails to return from the mission, a recm‘d of the terrainsurv/eyéd will have been
made at a distant safe point. o

When short-range expendable terminal missiles become avaﬁable. tha in-
stantaneous image p;ckup and transmission system will permit pre~or past-strike ohserva-
tions to he ma.de of heavzly defended areas from relattve‘ly safe: dxstances

make it necessary that the axrcr&ﬁ ny at low altitudes (around 2000 feet)

Because of the great flying speeds invalved, some form of image-motion
compensatiou will be necessary. Thereiore, sca.nning in the dxrection of travel of the aircraft
aireraft will take place in the pxcicup device and will be referred toas line scanmn@ :

Using a standard ima.ge orth:czm camera tube, and ‘with the aircraft at an
altitude of 200U feet, the maximum length of the sca.mmg line that can be utilized in the image
piane —~ that is, on the photo-cathode of the image orthicon tube itéalf 1is about 2 inches.
Hence, a lens with a focal length not much shorter than 2 inches is recammended ‘The 2-~inch
long scanning line on the image orthicon eathode will resclve apprnmmately 1006 picture sla~

. ments, which carresponds to L0 photographic lines per millimeter, The strip on the ground
that will be imaged by the 2-inch lens will e 2000 feet wide and the minimum resolvable ohjéct
dimension of the ground will bhe 4 feet (correspondmg to one phutographm line or two television
lines). : e . o

If the same eqguipment were used in clear weather at an auitwﬁe of 20,000

feet, the system would daver a stripon the ground appmx’zmately 4 miles wide. and !he mini-
mum rescoivable sbject dimension on the ground wuuld be 40 feet.
The 1mage motion in the plane of the pickup tube can be calculated as follows,

V= lAbexF

where .
¥ = image motion in camera plane {‘inchesg%second),
M = aircraft ground speed (mph). :
F = focal length of optical system {inches),
f = aireraft height above ground (feet) .

Thus, for inatance, if the aircraft-at 2000 feet altitude were flying at a speed
af 700 miles per hour, the resultant image rmotion with a Z-inch focal Iength lens would be one
inch per second. Since the resolution of the system is 500 lines per inch, the number of lines
scarned per second is also 500 (for this particular ground speed).  A-pleture 2x2 inches square

]
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will be scanned in two seconds. The video bandwidth required is

angmou = 250 ke,

If the aircraft were to travel at a ground speed of 1400 milés per hour, the
line-scanning frequency would have to be 1000 per secand if the full resclution of the system is
to be realized. The required video bandwidth in that case would be 500 ke. IV follows that, If
wide variations are expected in the speed of the aircraft, the line-scanning rate should be vari-
able, and provision should be made to handle the upper limit of the video ba.ndividth carrespond-
ing to the highest line -scanning rate to be employed. k

The horizontal-scanning frequency can be obtained from the foliowing expres-

gion
. L= ‘BQTMxF N
whare

L, = line-scanning frequency (cycles per second),
M= aireraft ground /sﬁeed {mph},

F = focal length of optical system (inches),

f = aircraft height abové ground (feet).

The above assumes the resolution eapability of the pickup tube to be 500 tines
per inch, The video bandwidth can be calculated in cycles per second as

1g0oxLF .
&

One advantage of using a standard image orthicon tube for this application is
that high light sensilivities can be obtained by combining storage with electron multiplication.

It is stated that the Boston Uni\}ersity photoeleciric scanner which uses the photomultiplier tube
produces good pickups with a ground illumination of approximately .5 foot lamberts. The sys-
termn suggested here will have even greater sensitivity.

In order to aveid burning-in of the scanning lne on the ‘image orthicon target,
a siight vertical deflection at right angles to the direction of line scanning would be appiied at a
slow rate. Specifically, the height of this vertical scan would be approxmately one-half iseh,
and the time required to move the line scan across this distance would be approximately 2
minutes. A sawtooth-shaped deflection current could be applied, provided the flyback time
were fast enough; otherwise, 4 symmetrical sawtooth would be adeguate. The slow vertical
scan would result in spreading the electron beam over a larger area, equivalent to approximately
200 lines. This is known to prevent burning-in conditions. The extremely slow vertical scan
will not cause a detectable image distortion. -

It is important that, after each line sean, the target of the {mage orthicon be
almost completely discharged so that no image information is carried over to the next line, Use
of the image orthicon tube in eplor television has resulied in techniques by which this can be ac-
complished.
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The gutput of the image orthicon camera would be amplified and combined with =
synchronizing signals.  The latter would be normal Mne-synchronizing sigrials generated in
routine fashion which would drive the line scanning a.mﬂ at the game time, furnish synchroniz-
ing means for the remote receiver. Lme—blanking s;gnals to eummate retrace will be gemer~
ated too. The compoasite video and synchronizing signals modulate a transmitter. As stated
eariier, the modulation bandwidth for the specifm values chosen would be approximatelv 250 ke,
The methad of transmission will be dealt with later, ' e

The equipment 80 far descnbed employs existing and known techmques and
components and could therefore be readily assembled and tried gut,  The opera.tmn, is simple
and the taotal space reguired would be ‘mall, ; G

This equipment differs ﬁ‘om that now under develapment at Bostan Umversity
and at Haller, Raymond & Brown in that it atternpts to meet the very nm:h. faster ﬂymg speeds
propased for future reconnaissance operations, . .

At the receiving paint, which could be either in anol:her axrcraﬂ or on the

ground, four types of preseﬂtation or recording are possible.
' Method 1: ~ The first method involves viewing the ground qurmat:xm

as a séequence of staiionary images. Foy this purpose, One br rore cathaéa-'ray

picture tubes with long-persistence phsspkars can be used The line-~ Bcannmg in~

formation would be applied to the horizontal secan whwh would be syachronized by

means of the transmitted synchronizing pu,lses The vertical scemnmg frequency

could be chosen more or less arbxtra.nly, dependlng on the extent to which the verti-.
. cal scale (the scale in the direction of flight)is to be matched to the horizontal one.

If, for instance, the aircraft ata grcnmd speed of TIJG xmles per haur at ZDOO feet

and using a Z-inch lens were to trangmit the picmre infarznatien to a distan: point

where a vertical scan of onte every two seconds {s utilized, there wouldnse pro-

duced on the picture tube an image where the scales In vertical and horizontal

directions aré equal. If the vertical scan were changed to once per second for the E

same image dimensions on the viewing tube, the vertical scale would be stretched

in the ratio of 2 to | as compared with the horizontal scale. : :

Becguse the persistence of the phosphqt soreen may stitl

be appremahle after one or two seconds, if may be deszmble to use a bank of view-

Rz tubes consisting of two, three or four umts ad jacent to gach ather, in-order to

permit reception of sdditional information without causing blurrmg and confusion.

The video information is swi:ched during successive frames from one picture tube

o the other, thereby giving sufficient time for the screen to decay. Storaggwtype

receiving tabes, if available'and capable of halftone ‘rendition with adequate detaxl.

could also be employed for this purpose.
Method 2: = Whne it is of interest to produce fugttive images, which
permits an ohsetver in'the pLane or on the ground to follow the flight as it takes

place, it would bhe of great value'to produce a permanent record of the trans-

mitted images.  This could be accomplished in a number of ways. Qne method would

be to modulate the beam of a ﬂying‘spictf cathode-ray tube that scans in line direction
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only and is synchronized with the line scanning in the aireraft where the pictures . .
originate. This tube should be capable of at least 1000-line resolution across the
entire screen diameter. This resolution can now be obtained with conventional 7-
inch flying~spat scanning tubes, with an ancde potentisl of 38 kv, ,

With a suitable optical system, the line scan iz projected
onto a moving sensitized film, which can be of the Land or the conventional type
and in which aceelerated processing could take place at high temperature. The
veloeity of the film again determines the vertical scale. In order to avoid burning-
in of the single-line scan in the cathode-ray tube screen, a technique similar to the
one employed at the pickup tube should be applied. A slow verifcal scan will move
the line scanning over an area of approximately cne inch at such a slow rate {once
per two minutes) that the change of scale would be imperceptible, yet the electroa
load would be distributed over an ares large encugh to assure sufficiently long screen
life. The slow screen vertical motion at the receiving tube need not synchronize with
that of the camera because of its exiremely slight effect on the scale.

Method 3: — A third method of image presentation would be recarding
through the use of an gptical scanner consisting of a rotaéiﬁg mirror palygon that
deflerts a light spot at line-repetition rate across the moving film to be exposed.

The Heht source eould be either a Philips-type gas discharge lamp or a suitable in-
candescent filament modulated by an ADP/%0 cell. This type of modulator has been
developed by Baird Assocliates, Cambridge, Massachusetts. '

Method 4: ~ A fourth method of presentation of the picture information
would be through use of magnetic tape. A tape moving a! the speed of 106 inches per .
second can record frequencies up to about 200 ke per second. If the frequency spec-
trum is split info two halves through sultable beat-frequency methods, the picture
gignal can be recorded ss a double track, each track having to handle a maximum fre-

quency of 125 kec.

The possibility exists alsé of recording the entire spectrum
by means of simulianecus moedulation of a number of heads (about 3} and of using a
cading method whereby only on and off information is fed to these heads. Eight pos-
aible combinations can be produced with 3 heads, which would correspond to 8 differ-
ent intensity levels of the gray scale. The necesgary signal-to-noise ratio with this
type of recording would be quite low (approximately & dbj,

It was pointed out at the putset that instantaneous image viewing is most readi-
ly adaptable to low-flying aerial reconnaissance, and that the amount of area covered on the
ground is relatively small. For such limited ground coverage, the resolution of the system will
be adequate. If it is necessary to transmit more picture information with acceptable resolution,

a facsimile-type system, as described in the following section, is suggested.

C. TRANSMISSION OF HICH-RESOLUTION PHOTOGRAPHS

The data-transmission system envigsaged for high-resolution photographs is,
in effect, a fast facsimile method, capable of handling the bare minimum of photographic in-
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formation with a minimuem of bandwidth and time. It is proposed that no more than 10 seconds

be used for the transmission of each photograph and that the bandwidth requirement does not ex-
ceed 250 ke.

There will be 2300 scanning lines with the same number of elements per line.
Thus a 9x9 negative can be transmitted with a resolution of 5 photographic lines per millimeter.
If the contrast of the system is maintained throughout its ultimate resolution, the average aerial
photograph in the field will nol lose appreciably in quality. Electronic technigues for maintain
ing high contrast ratios in the finest detail of the photoelectric system are known and are avail-
able.

Incidentally, if the image to be transmitted is a 0-mm negative, the resolu-
tion of the transmission system will be equivalent to 17 photographie lines per millimeter.

The image pickup system could be arranged in a number of ways. For a 10-
second transmission time, the line-scanning frequency is 230 per second. A rotating reflecting
polygon system could be used with 15 reflecting surfaces rotating at 500 rpm.. The vertigal
scarming motion would be carried ocut by the movement of the photograph'itself. A suitable il-
luminated aperture would be imaged by the rotating scanner on the photograph to be transmitted.
Straightforward optical layout and photomultiplier would take care of the light collection.

At the receiving point, the pictures can be re-recorded, using the Haller,
Raymond & Brown type recording device which employs the Philips gas-discharge lamp as a
modulated light source, or the combined optical scanner and modulator developed by the Baird
Associates for Boston University. The electrical information recorded at the recelving point
on unexposed film or paper can be developed rapidly with'the Land process, thus reproducing
the photograph at a distant point within less than half a minute after it is taken in the aireraft.

Heré, again, an effort has heen mads o use existing techniques and equipment.
As an alterpative {or in addition} to the previous recording methods, the picture signals could be
recorded on a magnetic tape using a system similar to that outlined in the previous section. With
a tape speed of 100 inches per second, approximately B0 feet would be required for a 8x 9 photo-

graph.

D, TRANSMISSION OF RADAR-SCOPE PHOTOGRAPHS

The purpose of the system described in this section is lo permit the viewing,
at some distant point in the air or on the ground, of radar images as they appear in bombers,
fighters, or reconnaissance aircraft. -With line-of sight transmission or with airborne relays
of orbiting aireraft, cousiderable distances can be spanned. (Far example, two aircraft flying
at 40,000 feet will have a line-of-sight for radio waves of approximately 500 miles.) If a coded

transmission system were used, jamming by the enemy would be difficult,
The direct retransmisaion of radar video signals was first explored towards

the end of World War IL. - The system discussed here utilizes a much asrrower bandwidth and
slower transmission time, which are made possible by an intermediate pholographic process in

the aircraft itself.
1t is important that the bandwidth and the transmission time in & radar re-

peater system be kept to'a minimum. By keeping the bandwidth low, the communication fre-
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quencies chosen can be such that larger distances will be spanned and, at the same time, the
power requirements at the transmitter (which would usually be airborne) could be moderate. The
reasons for keeping the transmission time at a minimum are fairly obvious: radar information
as seen in fast-flying aircraft should be conveyed to the distant point with as little delay as pas-
sible; furthermore, communication channels are apt to show least changes in their propagation
characteristics over short periods of use.

As to equipment requirements, all phenomena, methods and components re-
quired to put such a system into operation are known; no fundamental development is required.
A repeater scope in the aircraft is equipped with an aluminized sharp-focus tube using the new
P-18 orange phosphor. A Land-type camera, usging 35- or 70-mm film, is trained at this re-
peater scope. It is assumed that it would be sufficient to photograph every fourth or fifth radar
scan - that is to say, approximately one picture would be produced every 10 seconds, The de-
veloped film, which can be a negative or positive, then automatically enters a special compact
flying-spot scanner. This scanner operates at a vertical scanning speed of one-tenth of a cycle
per second (the vertical scan lasts 10 seconds) and with a horizontal line frequency of 60 per
sacond. Thus sach frame of 10-second duration will contain 600 lines. The {ilm frames emerg-
ing from the camera remain stationary in front of the flying-spot scanner for 10 seconds, after
which the next frame is moved forward rapidly. The video bandwidth employed is 18 ke. The
lowest frequency component will be that of the line-scanning frequency, namely, 60 cycles.
Through the use of DC insertion at the beginning of each line, suitable synchronizing pulses will
be generated and the compesite signal will be transmitted over a modified communication trans-
mitter, preferably FM-type. Applying the 18-kc modutation to AM-type transmitters, provided
they are adapted for this wider bandwidth, would also be suitable.

The aircraft will have a permanent record of its radar mission in the form of
the motion-picture frames and, at the same time, it will have transmitted the essential informa-
tion to a distant point.. At the recelving point, a more or less conventional wide-band AM or
FM receiver, modified to handle the 18-k¢ modulation, can be employed. The synchronizing
information is stripped from the composite video signal and employed to synchronize a flying-
spot scanner, the intensity of which is modulated by the video signal. Motion-picture frames
are exposed by this flying-spot recording system and developed in a standard continuous rapid-
developing system or through the Land process.

The incoming signals can also be converted to reproduce the original radar-
scope images at this receiving point for divect viewing. For this purpose, two loops of magnetic
tape are used. Each loop is approximately 8 1/2 feet long and is threaded between a series of
rollers in order to conserve space. An automatic switching system provides for the tape to run
first at a speed of 10 inches per second for 10 seconds' duration. During this time period, the
incoming radar picture signal is being recorded on the tape {and also as a permanent record on
the film strip mentioned before). Al the end of the 10-second recording period, the tape loop is
automatically accelerated to run at a speed of 40 inches per second, and the resulting signal is
fed to a scope using the long-persistent phosphor with rectilinear scanning which is synchronized
from the signals off the tape. With the tape's reproduction speed of 40 inches per second, the
vertical scanning on the scope would be once every 2 1/2 seconds, and the harizontal scanning
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rate would be 240 lines per sacond. This scope image can be viéwed for ancther 7 1/2 geconds,

* during which time the second loop of tape mentioned earlier i3 being used to record the incoming
picture signal. At the termination of the 10-3eqond permd. the scope starts showing the next .
radar image from Loop # 2 which then is run at the higher speed, wb.ile Loop# 1 1s switched to

low speed to record the next radar 1mage sxgral.

To summarize this process, the radar-image data transmxtted from the distant
aireraft can be utilized smitme@aslﬁr in lwo ways at the receiving pomt. both a permanent film
record and an intermediate tape record are made, the latter permitting cfirgc't scope observation.

As an alternative, the magnetic-tape intermediary viewing system can be dis-
pensed with, and, if Land-type film were used in the recordmg camera. the developed film
frames can be projected immediately on a s-:reen :

E. BANDWIDTH AND CODING

‘ The adaptations of television and\facsiimile systems auttirie,d above were pur-
posely designed around a narrow enough video bandwidth (250 ke and 18 ke) to facilitate long:
distance transmissmn and to minimize multxpath and 3a.mming su&cepubxmy,

Essentially, the problem becomes that of promdmg the necessary Krarsmittmg
facilities in the sircraft, under severe limitations of space and power, to assure usabte long-
distance reception, Work has already been carried on in the direction of long»:hstanca trm*

, mission of voice communication although, of coursm the bandwidth requlrements were much
less than 250 ké. 1t is urged, therefore, that mvestigations to explore the long-range trans-.

. mizsion possxbilities with ba.ndwidtha up to 250 ke be inttiated. Special consideration should be.

given to coded transmission, where the picture amplitude range is broken dqwn into'a number of

discrete steps corresponding to combinations derivé;ﬂ/frcm a number of subrarriers. These
need only to be turned onor off according to the proger ¢ode, rather than modulated in the con-
ventiopal manner. For instance, if it were found that & discrete denaity steps would be suffici-
ent to convey the pecessary information of most aerial photogra.phs. only three subcarriers
would be required, -This type of racdulation can eperate wltb very low sxgnal -to-noige ratios.

Moreover, multipath effects will be. minimized, sinca one can ‘employ amplitude clippmg at the

receiving point and select the strongast signal, rejecting the echaes which are usually of lower

intensity. Because of the small signmal-to-noisé ratio requlrements, such a type of transmission
will also be less suscepti.ble to Jamming

Since compact and lght weight of equxpment are essennal this type of trans- i
mission permits high transmitter efficiericy, for linearity is of no consequence. The power is
either fully on or off. The picture amplitude coding and decading technijues are well known and,
where a permment record is des;.x-able {such as at the receivmg points), ‘the coded method can.
be carried on to the ma.gnetxc tape, . ns outlined earlier.

F. OPERA’I‘IO\EAL ADVAN TAGES

, The use of phatoelectnc techmques as described in preceding sectiuns offers
varied advantages to reconnaissance operations. First and foremost is the over-all reduction
in transmission time. Added to this is the insurance factpg inherent in the recording of recon-
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naissance information al a receiving station shortly after it is obtained by the aircraft. Other .
ohvious advantages are inherent in the Immediate availability of reconnaissance information
at theater headquarters and bomber wings, enabling continuing evaluation of targets to be made.

We recornmend that proven phataeiectrid techniqﬂes and equip-
ment be applied to the problems of transmissicn of reconnais-
gance information between aircraft and ground and between the
reconnaissance vehicle and ancther aircraft. At the same time,
we urge the exploration of long-distance tranzmission with band-

widths up fo 250 ke.




CHAPTER 9
RADAR

A. INTRODUCTION

Looking at the way in which radar is used today in the Air Force, we are im-
pressed by two things: first, the relizance on radar as a substitute for visual observation is
greater than ever; second, the inherent capability of the basic radar equipment is not growing,
but is actually shrinking. Few will quarrel with the first observation. High-altitude operations
under existing weather conditions and high speed at low altitudes have nearly put the human eye
out of the bombing business; and cloud cover over the target areas will render both camera and
eve uszless much of the time ia reconnaissance operations.

The deterioration of the basic radar capability has not been so conspicuous
because it has been offset by the strenucus effort in SAC to improve the whole operation of
radar bombing by rigorous training and more elaborate auxiliary devices. Radar is actually
used more effectively today than it has ever been before, and nothing we say is meant o dig-
parage this real achievement. Dut we must not let it obscure the downward trend in the infor-
mation-gathering ability of the instrument itseif, Resolution and range are still the essential
measures of a radar set as a sensing device. The present standard equipment, APS-23, has
an angular resclution only about twice as good as that of the radar used by the Eighth Air Force
in 1943, and less than half as good as that of the now-abandoned APQ=7. We learn that de-
signers of future aircraft look forward to further reduction in antenna size and radar resolu«
tion. The present plans for the MX 1626 call for a 45~inch radar aperture - compared to 60
inches in the APS-23, lt'ig as though, in aerial photography, one were ocbliged to use cameras
of shorter and shorter focal length, with no compensating increase in film resolution. This
compromise, we are told, has been forced by the exigencies of modern aireraft design - in
other words, the problem of designing 3 high~performance radar into a bigh-performance air-
eraft has not been solved,

Acceptance of this situation seems to have been made easier by two notions
that appear to underlie much that we have heard: (1) *No more big advances are possible in
the microwave elements of the radar system: what radar is, apart from the means of presenta-
tion, is defined more or less finally by the APS-23 components. (2) "Radar - again defined by
APS-23 ~ gives us a lot of information that we don't recognize and use: if thig latent informa-
tion could only be extracted, we wouldn't need a narrower beam to distinguish what we want 1o
see.

These notions, if they should really exist, would strike us as expressions of
an attitude of despair. “We believe that both are fundamentally incorrect. We believe that
higher resolution is both attainable and necessary. A considerable part of this chapter will be
devoted to that subject.

Alrborne radar, whether for bombing or for zerial recon-

naissance, isnow seriously handicapped by poor angular

resolution. Much of this is due to the forced reduction of

antenna size in modern aircraft,
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is hard to separate them in any general diséussi ““There isa tenﬂancy to think of radar re-

connaissance solely as the operation of gathering prestrike radar-scope photos for the purpose”

of enabling the radar bombardier to correctly {dentify his aiming point. This conception of
radar reconnaissance leads naturally to the notion that the reconnaissance radar had best re-
semble the bombing radar as closely .as pqaszble. Once this doctrine is estabhshed. the abil-
ity of the reconnaissance radar to collect other impartant intemgeace ts pretty well restricted,
and the ¢ircle is compiete. ‘Whether radar can perform ‘other important reconnaissance func-
tions iz a question we need to disciuss; to approacﬁ i.t as an open questwn we mnst Jift it out of
the narrdwer context of the bombsight problem. i

Even while radar antennag {n bombers are bemg squeszed down in size, there -
is a growing recagnition of the desirability, perhaps the necessxty. of using fighter-type air- .0~

craft for many reconnaissance operations.  One could scarcely take seriously the notion of
carrying a high-resolution radar in a modern fighter so lang a5 the radar set was conceived
along convenﬁanal lines. The situation reminds one of an éver-tightening knot. e
" One of the most encouraging - mdeed, exciting, things we have leamed from
y:hape.ess situation. The way has been

our study is that there is an eséape from this seem

opened by two essentially very simple ideas that have found embodiment in the experimental
APQ-38 radar, Oue idea is that of using the aircraft’s motion io scan the ground, thus gener-
ating continuously a strip map. "The other idea {s that of using a fixed | array running longitud-
inally along the aircraft to form the tranéverse radar beam that is capable of attaining much
higher resclution without penalizing the performance of the aircrafi; it is a system thar is'ac»
tually simpler, in some important respects. ths.n a conventionaj radar. This impresses us as
the most impnrtant advance in pn:torial radar gince the war, We have explored some of itg

radar for nose installation in a fighter-type reconnaissance a:rcraft such as the RF-84F or
RF-101. It appears feasible to achieve angular resolution of 0.4 ar I:etter at little cost in a.u-»
crafi weight or performarice. e - o . )

It is too early to say how the mtroductwn of the sxde«lockmg technique will -
change the radar bombsight problem. Certainly side-locking radar is very. ‘poorly adapted to
the present bombing procedure, and naturally so, for present bomhing pror:edures have evolved
from the exclusive use of farward—«scanniag radar., We see no reaacn why effective bombing
techniques baged on side-lmmg radat - cannot be devised. In fact, this approach offers certain
advantages, especially in connection with the use of terminal miss Ies. We are informed that
the British are developmg a methad of this sort, ‘ :

Even if bombing contindes to be done by iorm'ard-acanning radar, prestr’ike
radar reconnaissance can usefully be carried out by the stde-lovking strip-recording method.
This is a rather unorthodox {dea, in view of the present emphasis on exact duplication in the
prestrike reconnaissance run of the eventual radar situation during the bombing run. This eém-~
phasis we believe to be somewhat misplaced for reascns that will be discussed in detail in con-
nection with the prohlem of radar prediction, . The most essential and reliable radar facts about
the target can be obtained with any radar of sufficiently high resclution, properly used, In




particular, a reconnalssance aircraft equipped with side-looking radar can fly a course at right
angles io the eventual axis of attack and thus see the target from approximately the same as-
pect fram which it will be seen in the attack.

We beliewe, too, that a substantial irnprovement in resolution in the prestrike
pictares, even if not accompanied by a correspunding increase in the resclation of the bomb-
sight radar, would benefit the whole operation by making the identification and location of tar-
gets and aiming points more certain and accurate,

The most hopeful development in reconnalssance radar is
the fixed side-looking array combined with strip mapping.
It makes hi&h»re&aluﬁon radar feasible for even fighter-

type reconnaissance aircraft.

Looking a little further ahead, one naturally agks whether high-resolution
radar will be able to substitute for photagraphy in the cellection of target intelligence. If the
question is very narrowly interpreted, the answer is probably no, We doubt that it will be
possible to reduce the smallest resolved patch on the ground much below 30 feet in size, at
ranges as great as 10 or 15 miles, There will always be a wealth of detail that photography,
under good conditions, can record and radar cannot. Granting this, bowever, there is reason
to believe that if we can reduce the width of the radar bedin to oné or two-tenths of a degree -
which seems within reach of the side-looking methed - the radar map will contain a significant
fraction of the useful inteiligence for which we now have to rely on photography. At the very
least, the radar will distinguish gharply between natural features and man-made installations;
it gshould disclose rpads, railroad right-of-ways, airstrips. isolated factories. How much more
it may see we can't knew until it is tried.

All these considerations point in the direction of shorter wavelengths, as well
as larger antenna apertures. UOne must therefore consider very carefully the inherent disad-
vantages of the shorter wavelengths, with respect to propagation through the atmosphere, These
factors are treated in some detail in Section E of this Chapter. We reach the conclusion that
shorter wavelengths are, on the whole, to be strongly recommended, and that, in particular,
the Ku band, arcund 1.8 em, pught now o be established as the basic airborna-radar wave-
length. . ’

The wvulnerability of radar to jamming calls for some congideration in connec«
tion with any radar development; this gquestion ig treated in Section G. We do not beligve that
jamming will be a serious threat if the development of airborne radar proceeds in the directions

recommended in this Report.

B, THE NATURE OF RADAR INFORMATION

Pictorial radar has been in use in the Air Force for nearly 10 years. [is
main features are not much more mysterious than those of the internal combustion engine, Since
most of the readers of this Chapter have been closely concerned with radar, a review of the
elements of radar is hardly called for. But cartain facts are worth reiterating, and there is
one point -~ 2 subtle hut essential point — that seems to have been rather widely misunderstood.
We begin by recalling some familliar facts, ‘
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Radar is a substitute for ::apm:al V".siom but it is m:c?. like optizal visioun. In
fact, itis chf!erent in so many ways ‘that we tend 1o forget some of these ways, and are tempted
t0 make assumptions that would be valid in tbe optical case but are incorrect.or irrelevaat in
the case of microwave radar, Ther'e is the very cbvious dxiference in the prirmary method of
locating chjects - by distance and angle in radar, by two angles in vision or photography. The
angular discrimination in radar, as we now know it, is much coarser than we are accustomed
to in optical pertéption, Radar Lacks the dimensions of calor, but so dees ordinary photogs o
raphy. A more important restriction in radar is that the gourge c;f tllumination is necessanlv
at the ohserver. An object us perceived.only by the radmﬂcm it seatters dirsctly back toward
the source, There is some resemblance here tg the situation in flash photography.

Radio waves, Including microwaves, are ,re:ﬂercted more strongly by most

suhstances than are light wavea Metals, whether painted ornet, are practically perfect re.:
flectors; a dry-insualator, at he other exireme, may reﬂect at normal incidence as little as
10 per cent of the energy that falls on it. But this'ig a range of only“ten to one in intensity, at
most, and it is not really very szgmﬁcant. for reasons we shall discuss shortly. For mzcro-
waves, most man-made surfaces are "shiny" in the sense that they contain areas both l__g__
compared to a wavelength and smooth on the scale of & wave]ength ‘Except for some difference
in average intensity, a bul.kdmg mwade of steel, an exact repﬁca of the. _same-puilding in wood,
and a replica in solid glass, would give pretty much the same radar return. As a very crude
optical analogy to the radar situation: imagme almost gvery surface in.a oity - every wall,
roof, and chimnpey ~ to be chromium-plated, but with a few bulldings coated with polished
glass. Lmagine a night flash photograph of the city taken from a considerable distance when
the city is "hlacked out.® Then imagine trying to discover in‘the photograph which buildings
wers chromium-plated and which were coafed with pohshed glass. The surface~material con-
trast available to radar is even less than this, - '

We come now to perhaps the most essential and least-understood difference
between radar and vision (or ;ﬁamogmﬂhy) This has to do with the nature of the radar echo
from a complex target. The sxgna.l entering the radar receiver ata particular instant is the
sum of individual waveletz reflected from dlfierent pointg vathin a certain patch of terraia. The
dimpensions of this patch are determined by the angular width of the radar besm. by ‘the rm:ge,
and by the pulse duration,. At 15 miles from an APS-23, for example, the patch is about 20080
feet by 200 feet in size,’ Usually such a patch will contain not one reflecting element but sever-
al, whose individual reflections ¢an be thought of as cnmbiniiié at the receiver to give a single
result, just one signal of a certain intensity. It is clear that this one echo cannot give detalled
information about the individual scatterers, and that, of gourse, is why the 2000 x 240-foot
pulse packet sets the limit to radar resolution in this case. What ia not s cbvious is this: the
sum of the mdividual wavelets that make up the echo is suh;ect tu I;arge and esaentially random
of scatterers is viewed Irc;m a sugbtlv dif{erent angle, fax' example, the tatal echo may easﬂy
be twice as Intense as before, or half as intense. The chance that it will be three times as
large is by no means negligible. The variation is due to the [nterference among the wavelets
that make up the total instantaneous echa. It is for all praeticai purposes wholly random ~
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that is, unpredictable [rom one sample to the next. .
It is a mistake to assume that, when the pulss packet contains many reflecting

points, the statistical Muctsations will be relatively minor. One of us once fell into this error,

and we gympathize with anyone else who does so, But the zad fact ig that the probability of a

given percentage fluctuation in the total echo is the same, however large the number of scat-

terers contributing. Neither is the rapidity of fluctuation dependent directly on the number of

scatterers. These facts and the reasons behind them are well established.”
The practical conseguence of all this is the “scintillation” of radar echoes,

whick, in one way or another, plagues every user of radar. There is no very close parallel in
vision or photography; the processes are fundamentally different.

We have lahored this point because it is absolutely basic to an understanding
of the capabilities and limitations of radar, What does it mean? For one thing, it means that
the intensity of a gingle radar echo, no matter how complex the target from which it comes,
contains only a very lmited amount of information. The intensily of the echo has only & rough
statistical significance. That is why, if we look at one echo, the difference in reflecting power
hetween various substances ig not significant as a distinguishing characteriatic; it is masked
by the random factor arising from the interference. For the same reason, we cannot hope to
predict the strength of the echo, Irom any complex target, except in grder of magnitude. We
can, in principle, make a more accurate prediction aboul an average echo intensity [rom a
given "patch,® and rather elaboraie theoretical analyges of this sort have been carried out. **
But this is largely beside the puint, for radar, as now used, does not perform such an average,
but pregents to the radar observer as a rule only one random sample of an elementary patch, :
not the average of many independent samples. This is because the fluctuations do not occur .
rapidly enough under the usual conditions of speed, altitude, range, and wavelength, to provide
many independent samples within the effective "memory” pericd of the radar display.

There are certain ways in which we might hope to get a representative aver-
age, and thus to increase the significance and the predictability of the echo. The double-fre-
quency radar is a gstep in this direction, but a very feekls step and a very costly one; it only
doubles the number of samples averaged. There are other possible approaches 1o the same

problem that seem to us more effective. At best, these schemes can only moderately increase
the basic information content of the radar picture by goftening some of the unpredictable fluc-
tuations, so that more-predictable target characteristics can smerge.

There is snother important cause of echo variation in the "flat plate® and
"correr reflector® effect which causes a flat syrface normal to the line of sight, or two sur-
faces meeting at right angle to the line of sight. or an "inside” corner in almost any orieniation
to return an exceptionally strong signal, This effect is most conspicuons, of courge, in built-
up areas. The "cardinal paint® effect which shows up in the radar returns from rectangularly
laid-out cities is only a special case. The refurn from any cluster of huildings is, to a con-
siderable degree, influenced by these special mirror properties, the accurate prediction of

*3ee, for example, Radiation Laboratory Series, McGraw-Hill (New York, 1851}, Vol. 13, Chap. 6.
**For example, Theory of Radar Inteiligence, Aircraft Radiation Lab., WADC, Map Display
Unit, Technical Proceedings, JULL,
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which would require very accurate knowledge of the relative positions of the various surfaces,

Much of the detail that appears on any single radar-scope picture depends on
these essentially unpredictable factors, Such detail is to that extent meaningless. It is like
the shape of a cumulus cloud, which {s also rich in meaningless detail. It is the failure to rec-
ognize thig, perhaps, that accounts for the prevalent nation'that the radar-picture is full of
latent information that we are somehow faﬁi:igui;:o exploit. Anyone who clings to this aotion
should examine carefully and objectively the results of the study by Engineering Research As-
sociates” of the degree of correlatian of radar-signal Intensity with target characteristics.

Pogsibly we do not get the yery maximum amount of information gut of a ra~
dar picture by merely looking at it carefully, but the additional adxouns to bg gained by elabor-
ate amlysis is slight. There isn’t much informa tion in & photograph that doesn’t meet the eye,
taken with the camera out of focus, one éammt zjgstare to the plcture the mformatmn that has
been lost, One can dub color into the pieture, create 8 pseudo-stereoscopic effect, cross-
correlate this with that, but ycu can't ingrease the amount of information in the picture.

We belleve the emphasis on presentation as the key to radar interpretation
is very much misplaced. It is time to stop spending money on schemes tg exiract from the
radar picture information that lsn't there in the first place, and to face the cold fact that what
is needed tn improve airborne radar ig hétter resolution. i

Because of the fundamental limits set b’y the g{@ﬁwe of radar

. k information, no great improvement is to be expected from
elaborate presentation schemes..

C. RADAR PREDICTION AND RADAR INTERPRETATKON
Lack of radar photographs of strategic targets has created the immediate and
serigus prublem of radar prediction. One must somehow decide, using maps and vertical
photographs, what the radar echoés from a city or other target complex will lock likes  Then
by some means - the supersonic trainer, for examble -~ one has to present this hypathetical
scope picture to the vadar bombardier ina realistie form. This last step is radar simulation,
and it should be carefully disﬁhgdiﬁhed from the first step, which i{s radar prediction. Pre-
diction is the crueial step: if the prediction is wrong, tﬁ,he: simulation will only embellish and
reinforce the gerror. The predicted scope picture must be accurate ¢nough to énable the bom-
bardier to match it pmperly to the actual radar picture, which he sees for the first time on his
bombing run, and so to identify his assigned aiming pmnt among the constellation of echoes.
We are impressed by the progress that has been made, by hard work and
practice, in the prediction problem, At the same time, we are disturbed by certain things.
We feel that too much confidence is placed in prediction methods as such. We believe that
there are fundamental limits to themfenabnity of any razdar prediction — limits that have not
been clearly recognized. We do not say that the present prediction scheme gives bad results.

but rather that no prediction scheme is ,feasibfé that would justify the confidence - or hope -

*(Contract AF33(038)-14317)




that radar prediction appears to inspire.

in the document Radar Target Prediction Procedures, * the statement is made
(page 5) that radar prediction is now "99 per cent accurate,® Turning to the gne comparison of
a predicted with an actual scope piciure that illustrates that report, we {ind in the middle of the
actual radar configuration of Birmingham, Alabama, a great blob that is missing entirely from
the predicted pattern and that markedly aliers the radar face of Birmingham, as seen at that
particular mament. Cne must nct forget that the addition or subtraction of a few stroag echoes§
can change the appearance of a cluster of returns in a way that will defeat recognition.

The fickleness of the radar map {3 due to the fluctuations mentioned in the
last section and to the extramely sensitive dependence of the radar echo upon the geometrical
detzils of the target. To make a really reliable prediction. it would be necessary to go over a
city with a micrometer, delermining the position of all detaiis to the nearest eighth of an inch,
to survey in the position of the aircraft, and tc feed this mass of data into a large computing
machine. BSince we can't do this, we must recognize that any practical prediction scheme will
be liable tc substantial errors. It will predict some strong echoes where none are seéen, and
vice-versa.

Some of the statistical fluctuations can be reduced by averaging, and in that
way a more stahle and predictable pattern may be achieved., Present radar indicaters do this
more or less inadvertently, as a result of inadequate focus in the cathode-ray beam. Several
otherwise resolvable patches are smeared together (in rangé} on the tube face., Whether the
gain in *stability” is worth the cost in resclution is very douhtfuli” Some further considerations
of the echo fluctuation and means for inereasing the recognizability of targets are contained in
Appendix E. Despite any such palliative rmeasures, the inherently unpredictable elements of
the radar problem remain, and with the present equipment they represen! a basic limitation on
what can be achieved in the way of prediction.

in this situation, simple empirical prediction procedures are the best. The
procedures that have been worked out are, in the last analysis, empirieal in nature, and our
only criticism of them {5 that they are, if anything, too complicated. The standard meibod is
s0 elaborate, with many different factors and long tables of numbers, that it looks more scien-
tific than it is — and this alone tends to engender {false confidence. The trouble with an empir-
ical formula containing many variables is this: It is practically impossible to perform, even
under laboratory conditions, enough different experiments to verify all the factors separately.
Unless the variables in the formula can be tested independently, there is no assurance that the
farmula will not fail unexpectedly io a new situation.

To take one example, the prediction doctrine outlined in Radar Target Pre-
diction Pr'oc:tedu::‘tasmnsl arbitrarily assigns relative factors of 8 and 1, respectively, to steel
and wood construction. It is certainly reasonable to expect some difference in signal strength

*Directorate of Intelligence, DCS/0, December 1950
**]f one is cbliged to smear out the spots, it is probably better to narrow the video band ac~
cordingly, in order tp effect the averaging in a linear filter rather than on the phosphor.

*4#hid.
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on the basis of material alone, Whether it should be as great as '.his appears doubt.ul to us,*
but the question is whauy academie, {or the oniy Jpractical test possible is a campanson of two -
areas, one containing steel buildings and one cnmta.imng wood buildings which necessarily diffec
in other respects as well. In gthep werc‘.s‘ the geometrical factors and the material factors B
are not separable by direct radar test; any theoraucal separation of therd should be treated

with extreme suspicion, . ‘

To illustrate the point in angther way, SUppose we wanted to-sllow for the ef-
fect of glass surfaces, such as large window areas, cn the radar echo of a group of buildings.
Now u sheet of glass 5/32-inch thick very strongly reflects 3. Z»Qm waves incident on it per-
pendicularly. Owing to the reinfarcement of the reflections from the front and back surfaces,
the reflection woefficient i i8 higher than that of 4 solid brick wall, A sheettwice as thick will - -
reflect nnthmg at notmai tncidence, but will reflect stro gly at some other anglea* It is ob--
vicus that the effect of glasg wtndows on the ‘radar return cannot be expressed by any simple
formula, even if we hac ,compiata iniarmation ot the thickness of all windows in our strategxc
targets.  Any formula that pretends to allaw, by same factor, for the presence of glass i is ab-
solutely specious. It would be even mors erroneous to treat glass areas as tfmugh they did'not
reflect at all.. The only smmd procedure i3 to treat them exacﬂy the same as any other surfaces.,

the irtroductidi’l of more factara into the for‘mulas The farxmﬁas already contam more factors

The predlctmn problem Will not b 5@2%& by the ultrasonlc~t&ak techmque,
either. The ultrasonic tank 13 strictly a sxmulator anl nat o predictsr. It is quite 1mpoas£b1e
to duplicate the target in such a way asg o create an accura.te m;aied-down replica. of the whole ~
physical situation which will automatically produce a correct radar prediction. ** We seriously
question the wisdom of furthax- investment in refiriement of the supersonic trainer. R would be
]ﬂsdfied only if the "realism™ of the sumulatioa is inadequate for training purpnaes‘ - The ag-
curacy of the simulation depends on the rada:- predlction. and'to t!mt problem tng alirasonic
technique ‘has nothing to contribute. ~ L o

What is really now needed is. mere extensive tésung of the predictions, under.
rea.lmtic ccnditions, agalnst all sorts of target camplexes, Some of tms has been doune, we’
know, but not nearly enough ta estabhsh reliablﬁ confidence lmits, " & cold<hloaded; skeptical
analysis to the operation might well reveal ways in which the predmhaa method could be simpli-
fied without loss of reliability. But quite apart from that it is essential to ‘wncw how much re-
liance ean be placed on radar predlctmm amd hence. conversely, how miich prestrike radar
reconnaissance iz absslutely necaasary. Speciﬁc suggestions related to bredxction and evalua-
tion of prediction methods are mnde in Appendxx G,

*At Rapxd City AFB, ‘only one hangar ia metal encased. All the other giructures are of wood,
yet all returns are of abc\ut equil intensity. at least it is not possible to ﬂistingnlsh the stesl
atructure, .

*+A very cogent discusamn of the inherent limitations Of the supemonis method has been given
by D.E. Farmer in a report eatitled Technical Considerations in Radar Simulation by Ultra-
sonics, Radar Target Seetion, Directorate fmte}lxgema, USAF, March mﬁ 1, ,
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Turning now to actual radar reconnaissance, we meet the problem of radar .
prediction in reverse, We have the scope photos, and the guestion is: Where is the target and
what shall he used for an aiming point? This iz a problem in radar interpretation. It is not
always an easy problem, and, as has been emphasized elsewhere in the Report (App. Gj. mis-
interpretation at this stage makes an irreversible contribution to the CEP. Again the funda-
mental difficulty arises from the esséntially unpredictable elements of the radar view. Indeed,
unpredictable and uninterpretable are here nearly synenymous. The only way to improve the ‘

situation very much is to improve the resalution of the picture. Even a moedest gain ip reaolu-

tlon may make recognition and identification much more positive, [f the radar map of a city is
a collection of amorphous blotches, gross errors in the identification of a blotch are possibie,
Ag soon as a few streets, roads or railroads can be recognized, the correlation with a map or
photograph is established beyond any doubt.
In much the same way, improved resolution in the radar bombsight will sim-
plify the problem of radar prediction, We refrained {rom injecting this into our earlier dis-
cugsion of radar prediction, which was directed toward problems as defined by existing equip-
ment. Anything that makes the radar view of the city look more like the plan of the city will
make proper recognition more certain. The real trouble with radar prediction and radar bombe
ing as presently done is the wretchedly erude picture that ane gets at 15 or 20 miles from the
target city, and the confusing "break-up® which gets worse as distance to the aiming point de-
creases. )
There are fundamental limits to the reliability of any
radar prediction. Therefore, eflorts to improve pre- ; .
diction should concentrate on the simplest procedures ’

now in use and the validation of these by more axtensive

operaiional trials, Work on more elaborate methods

is not promising.

D. RADAR RESOLUTION

Besolution is the kev to radar reconnaissance., This conclusion seems to us
inescapable. Let us recall haw matters stand now, and then look at what might be achieved
within the fundamental limitations set by nature, putting aside, for the present, the artificial
limitations created by particular vehicles and by the conventional conceprion of azirborne radar.

The dimensions of the smallest resolvable patch on the ground, in ordinary
pulse radar, are set by the pulse duration + . and the angular beamwidth 8. It is true that
further deterioration of resolution may secur in the radar presentation if the spot on the cathode
ray tube is too large, but this is another problem, discusaed separately in Appendix F, At the
present time, the pulse duration is not a limiting factor, compared to beamwidth, In the APS-
23 radar, the shortest pulse available has a duration 7 = 0.4 microsecond, corresponding to a
range interval of 200 feet. ~'There is no {echnical problem in generating and handling pulses as
short as 0.1 microgecond, if that were desirable. Actually, extremely short pulses may have
some utility in dealing with complex targéfs. if the accompanying sacrilice of average power

can be tolerated or avoided by a special trick (see Appendix E).
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’ ’ Bui this does not bear directly on the pu:torml resolving power, which at
present is most seriously limited by the beamwidth 8 , S

The beamyvtdth in APS-23 {1.4") results in a minimum resolvable pateh width
of about /40 of the range, that is, about 1500 feet at 10 nautical miles, 3000 feet at 20 miles,
etc. (This is roughly 100 times coarser than the fes:;lving pou?e‘rof the eyé!) The narrowest
redar beam used operationally in aircraft is that'daf the APQ-7 radar, whose Deamwidth is 0.4
tc 0.5", Both these radars, of course, emplay a wavelength of 3.2 cmt.- The recently: trie
APS-48 which uses a wavelsngth of 1.8 cm (K, band) if equipped with & 60 ~mch~«w;de anténna,
aimilar to that of the APS-23, would have a beamwidth of al;mut 0. 8%

8o far as we know, the narrowest microwave beam that has been carefully in-
vestigated was the 0.1" beam used i the transmission experiments of Crawford,” This beam
was achigved with an antenna of ZG-foot aperture, operatiag on a wavelength of 1.25 cm..
Crawford's experiments indfcated thit progzagéfién effects did not seriousiy affect the resolution
even under much worse conditions than would be encountered high in the air. We can safely
regard the air as a hcmegeneous medium for-beams as narrow as this - and probably a good
dedl narrower, (The Mt, Palamar telescops manages to wcmk with an ”ammna" ashout as large
as this and a beam 20,000 times narrower!} ‘ '

The real cbstacle to higher resolution, as everybody knows, s the size of the
antenns required. The efementary relation between antenna mdth d heamw;dth 8 and wave-

lengih X is approximately
¢ (degrees) % 60&

. To make a 0.1° beam at X-band (3.2 cm) requires, accarding to this Iqrmula. an aperture about

80 feet long; at K, band (0.85 ¢m) on the other hand, the aperture reqmred is only 16 feet.
Is there any way tobeat the nﬂe expressed hy this formula? Since World

- War II, at least two notions have attracted acme attention, ;A brief flurry of interest was
aroused some years ago by the so-~called "super gain" anfcert;x:mr 5 thesretical‘y correet scheme
for achieving a beam narrower than the abave formula would allow mth an antenna of given
physical size, It wns soon recognized that the scheme, from a pracucal smndpcnnt, ig utterly
useless for achleving a very narrow beam. and the {dea has been decently interred la the liter-

ature.”” »
A quxte different approach is represented by the scheme imperfectly described
by the term “mznopulse. Two versicns of this have been devemped, by General Electric and
Maxson. respectively, under Air Force contracts. ﬁmxghly speaking, both attempt to "undo™
the smearing caused by finite beamwidth by operatmg on-the signal after it has been received.
There is no doubt whatever that by such ‘methods isolated point targets can be located with an

error much smaller: than 8 beammdth, We are rar £mm convinced that, in pictorial radar

is ric need to 3rgue ﬂm point, for buth methods are reported tn be nearly ready for full trial.
Far campleteness. we should mentmn a pmposal. due to L. W. Alvarez. fm- overcoming the

*A. B. Crawford and W. M, Sharpless, Further Observations of the Angle of Arrival of Micro-

waves, Proc.Ll.R.E. 34, 845(1946).
*+L, J. Chu, Physical Limitations of Omanidirectonal Antennas, J. AP, 18, 1163“943).
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beamwidth-antenna size relation by the uze of frequency multiplication. This is especially per- .
tinent to certain low-frequency problems: it does not appear to have any usefulness at the
microwave limit of the spectrum, Anocther proposal, advanced by C. W, Sherwin, is discussed
in greater detail in Section J of this Chapter.

It is cur firm belief that the best and simplest way to improve radar resolu-
tion is to use a wider antenna and a shorter wavelength. The mere change to 1.8-cmn waveleagth,
as the comparative tests of APS-23 and APS-48 have already shown, brings 2 significant in-
crease in meaningful target information. Surely it is not being very bold to imagine an antenna
aperture no bigger than that of the APQ-7 ~ 15 feet long by 5 inches high « on a plane as large
as a B-36. Operating such an antenna at 1.5 cm, we would obtain angular reselution of about
0.25*. This would be an improvement by more than five times over the AFS-~23; it would rad-
ically simplify the problems of radar prediction and of aiming-point recognition.

These seem like timid steps indeed when we consider the progress that has
been made in air¢raft performance. At the very minimum, ope should expect an increase in
bomber speed by a factor of two to be accompanied by a reduction of the radar beamwidth by a
factor of two hecause of the consequent increase in the distance between target and release
peint. Even this minimum requirement has not been met, The radar bombardier in a B-24
had a better view of his target than has the USAF bombardier of 1852,

Let us consider briefly what the ultimate limit of radar resclution may be. As
explained in the next section, atmospheric attenuation will probably limit us to the use of wave-
lengths of 0.8 cm or longer where ranges of the order of 15 ar 20 miles are required under

average conditions. Now if we do not limit the antenna aperture d, there is nevertheless a
limit on the resalving power for a given maximum range R. This comes about because, unless .
the antenna is focused on some nearer point, the antenna beam goes out a3 a parallel ribbon
from the antenna, for a distance of the order of d2/A, The result is that, out to some range
R'*:d?'/’}. , the width of the resclved patch is constant and 1s simply 4. For R = 15 miles and
A = 0.85¢m, this rough relation gives d~50 feet. In other words, once the Ky wavelength is
chosen, 50 feet is about the maximum resolution cbtainable over 3 15-mile range, and 50 feet
is also the maxirium antenna length of interest,

For shorter ranges and higher resclution, we ought to logk forward to the
eveniual use of a wavelength in the neighborhood of 0.35 em. Although the range will be zevere-
1y Hmiied in comparison with conventianal leng-wave radar ranges, millimeter waves are still
vastly superior to light and infrared for penetrating clouds (see Tables 8-3, 9-4, 9-5in Section E).
For example, low-level reconnalssance cover of a strip 10 miles wide (5-mile range} should ba
possible under all conditions except moderate to heavy rain, If we choose A = 0.35cm and
R = 5 miles, we find dx 20 fest - that {5, a 20-foot antenna would project a 20-foot-wide ribbon
beam out to 5 miles. With an appropriately short pulse, which presents no sericus problem,
this would enable a 10-milé-wide map ta be recorded in 20-foot by 20-foot elements. A 10-mile
square would contain ag much detail as a 70-mm film resolving 20 lines per millimeter, On

'the basis of what we know today, this is about as far as radar resolution can go. It is by no
means a fancilul goal; there is no apparent obstacle except the hard work needed to develop
suitable 3.35~cm components.




Resolution is the key to radar reconnaissince, The besﬁ
and simplest way to impmve padar resaiunasz is uge of 3’
_ wider antenna and a shorter wawiengtha Some improve- &
: meni in present radar «Qmpment can be achieved by the = -
use of cathoég»ray tubes with sharper !‘mus. '

E. RADAR WAYEIENGTHS , , ,

; In the spectrum 'bélow the 3.cm wavelength there are three ‘bandg that 1ook
promising « in different ways ~ for airbarne radar. The K, band (argund 1.8 cm) includes the -
ghortest waveleng*ha suhsta.nuaily unaffected by the water«w&pa? abzorption line centered
around 1.3 em.  The K band (around 0,85 cm] is the most favorsbie Aocation between the re-
glons of water~vapor absorytmn and the ax)'gerx ahsorpuen line at 0.6 cm. Below the oxygen
line, there is anather absorption minimum, ‘in the neigbberhood of 3.35 cm, which iz probably
the last useful *window" in the microwave spectrum. ‘ : ~

We now have aucurate and reliable labaratory measurements of the uxygen
and water vapor absorption Hnes. For ‘&ny specined metéorological eonditions, the sbsorption
in the K, and Ky bands can be calculated more accurately than it could be measured by radar
methods. More work is needed in the 0.35-cm region, but even there the ‘present estimates
are not likely to be very far wrong, The main difficulty in asseasmg the effect of atmospherici,
attenuation on radar performance arzses from mcomplete knowledge: of ihe meteorologinal fac~
tors. - .

The effect of clouds snd rain in attenuating radar s1gnals can likewise be pre-
dicted fzurl;r rehably if the Hguid water content and drop size are known. “The work of Ryde,
and others since, has estahllshed a aat:sfacmry empirical correlation beiween attepuation and |
precipitation rate for various wavelergths. In the case aof erdinary cloud cever or Iog. only
the water content is significant. ./ L B

We have tried to assembIe the best avaﬂable information on thege effacts and
to present it in such a way as to bring out the practical ctmsequences of the attenuation,” For.
this purpose, we have thosen three representanve surface conditions of temperature and humid-

. ity. These are called conditions A, B, and C, and are specifled in Table 3 ~ 1. Some knowledge

of the variation of water vapor concentration ‘with height is required; our assumption, which is
bazed on rather limited data, is that the total water vapor eantent ina vertica.l calumn 15 equive
alent to that in a 700D-foot horizontal column at thé grmmd Asa very % indieation of the ‘
prevalence of conditions better or worse. t.han one of ’these arbitrary "standards,” we show in
Table 8 « 2 figures based on monthly averages recorded in the N.1.5, meteorological tables™*

for the four cities 6f BEastern Europe.

Fog {or cloud)} and rain are treated separately. in Tabies 9-4and §-5, tha.t
is. conditions A, B. and C and Table 93 in which they are used, pertain only to the gaseous
abserption. The attenuation due to various causes is simply additive, :

*For example, see Radiation Labaratory Series. Vol. 13, gp.cit., Chap. :
»*National Intelligence Survey. AF 202118, NIS 26+1V, Section 23.




TARLE 9~1: REPRESENTATIVE WEATHER CONIMTIONS
{ A is more {avorable than B; B is more favorable than C)

Ground Temperature Relative Humidity
Condition ) *F . {per cent)
A 32 . 85
B 50 80

TABLE 8.2: MONTHLY AVERAGE GROUND CONDITIONS®
{Number of Months per Year at Various Localities)

Condition i Archangel Moscow Warsaw Kharkov
A (or better} & 5 3 4
B (or better) 8 7 & 7
C (or better} 12 12 1z 11

‘Eqsxal to or more favorable than one of the selected standard conditicns.

TABLE §-~3: EFFECT OF ATMOSPHERIC AESORPTION ON RADAR RANGE™
{Rain and Overcast Excluded)

Ground
Conditions A= 3.2 Xz 1,8 A= 048 A= 0.35cm
Radar at ground level A 330 1560 50 12
or only a few thousand B 280 190 35 g
{eet above c 215 &0 23 &
Radar at 30,000 feat A >500 150 125 45
B >500 3240 160 36
C - »500 200 s 25

*Table gives range to target, in nautical miles, for 10 db attenuation on round trip path.

TABLE §-4: ATTENUATION BY CLOUDS AND FOG*

Characteristics of Cloud =32 A= 1.8 L= 0.8 A= 0,35
- 3
0.0% gm liquid water per m
optical visibility 2000 ft > 300 500 150 30
0.3 gm liquid water per m3 . .
optical visibility 400 ft 200 73 15 3
1 3

2.3 gm liquid water per m ) 30 . id 2 0.4

optical viaibility 100 it

*Table gives thickness, in nautical miles, of fog or cloud, measured along radas line of
sight, for which 10 db of attenuation is added to round trip path.

TABLE 9-5: ATTENUATION BY RAIN™

Characteristics of Rain X =32 A= 1.8 ‘ A\ = 0.8 X = 0.33
ight - | mm/r 300 75 12 3
moderate - 4 m;n/i1r &0 13 3 1
heavy - 16 mmsr , 10 3 0.7 0.4

* .
Table gives thickness, in nautical miles, of rain, measures along line of sight for which
10 db attenuation is added to round trip path. (Note: Effects of wet radome and rain
clutter are often worse than those of attenuvation!}
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: - We adopt. as % measure of the seriousness of the attenuation effects, the ra.
dar range for which 10 db of attenuanon iz accumulated In e round tyip path.  This range, In )
nautical miles, is entered for each assuméd condition in Tables §-3, 9-4 and 9~5, The figures
for altitude 30,000 feet refer to the slant range from a radar set af that altitude looking at the
ground. The 10.cdb figure is, of course, arbifrary, bui”yit; r’epresents perhaps as well as any
one figure can the dnndmg line between a loss thatis serious and.a loss ttw.t is not. ‘

*“ The use of the tables is best explaised by an example. Suppuse we have a
Kga-band radar at 30,000 feet, the ground conditions being nearest to Condition B. In the ab-
sence of rain and cloud, & ground target at 100 miles slant range (entry in Table §-3) will be
subject to 10 ¢b attenuation, 5 db oui and 5'db back. Targets at twice this slant range will re-
turn echoes 20 db weaker than in the absence of an atmosphere, and 80 on. - Now suppose that
somewhere below 30,000 feet we have a cloud layer one mile in vertical thickness, with condi-

‘tions in the cloud corresponding to-0.3 grams of liquid water per cubic mater, which is raughly

correlated with a IOca.i viaibility of 40¢ Eee The correspondmg entry in Table 9-4. 15 miles;
means that the radar has o look thrmxgh 15 miles of eleud to suffer 14 db atienuation, round
trip, from that cause alome. - A ground target at slant range R ig separated from the radar by
a slant thickneas of cloud amot.mtlng to '

R vertical thickness of cloud )
vertical-height of aircraft

or R/ miles in th;s cage. Hence the clcmd will contribute 10 db aitenuatmn when the slant
range is 13 miles. We can combine this result with the effect of the gasecus attenuation. by a
little arithmetic, and thus find that 2 total attenuation ot 10 dby, from eloud cover and atmos-
phere, oceiurs for a siant range of 42 miles.

The figures in the tables speak for thems‘éi“ves. but we wish to call attention
especially to the importance of taking into account the relative frequency of varicus weather
conditions over the target areas. We siggest that it is not wise to reénira that all radars ‘give

¥

"~ maximum range 85 per cent of the time, if we thereby‘éxclude the possibility of getting much ’

better information by means of a ‘radar that wzli work at Lts best only 75 per cent of the time.
After all, visual photography overthe U.S5. 8. R. is not expected to be feasible at all all 90 per cent
of the ume@ due to prevzlence of cloud; eaver... We suggest also that a radax shauld be judged ;
by what it will do over the Soviat Union, not what it will do over Florida. Let us not handicap i
radar reconnaissance over northem Europe and Asfa by the equiva,lant of a "tropicalization®
requirement. . . o

It is our conclusion, and our strong rei:dinmendation. that the K, band be
henceforth treated as the basic airborne radar wavelength, for all applications involving long-
range ground mapping, Under extre rne conditions, the range will be somewhat reduced com-
pared to an eqmvalent X«band radar.” . This occasional ditadvmtage will be much more than
offset by the immediate and certam gam in resolutmn, ’I’hat is the most 1mportant. hut ot the

*One must be very careful nm tu biame range dnﬁcxencles of new equiprment - Stuch as APS-48 -
exclusively on attenuation, without checking apainst the krnown sitenuation factors expressed in

Tables 9-3, 9-4, and 9-5. _Experience has shown that radar on a new wavelength with new com-
ponents is likely to suft’er for a while from other troubles also. ~
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only, argument for the adoption of the Ky band; pertinent jamming considerations will be men-
tioned in Section G.

We further recommend vigorous development of components in the K, band
looking toward its use for high-resolution radar reconnaissance, especially from low-level
high-performance aircraft. Finally, we believe the prospect of semiphotographic resolution,
at relatively short ranges, by means of 0.35-cm waves, is bright enough to warrant research
and development in this band. This recommendation is reinforced by our strong recommenda~
tion concerning passive micréwave technigues {Chap. 10}, since much of the development in the
$.35-cm hand would be applicable to both problems.

We bhelieve the time has come to treat the K, band as the

basic wavelength for airborne rddar for long-range mapping.
We further recommend the development of the Ky band for

future use where extreme range is not a requirement.

The 0.35-cm wavelength offers sufficient promise for rel-

atively short ranges to justify vigorous research and devel-
opment.
F. SIDE-LOOKING RADAR

The side-looking radar, exemplified in the APS-38 experimental set, will be
known by now to most of the readers of this Report. To describe the system very briefly, a

linear-array antenna, running lengthwise along the aireraft, sends out a fixed vertical fan beam
approximately at right angles to the aircraft’s course. This beam is scanned along the ground-:
by the forward motion of the aireraft. The radar range sweep is recorded as a transverse trace
on a slowly moving strip., In this way, a strip chart, in approximately true Cartesian coordin-
ates, is generaled so long as the plane flies a straight course. Means can readily be provided
for stabilizing the data fed to the chart to remove the distortion that would be introduced by yaw
of the plane. Pitch introduces only a minor error, and roll no error at all, Provision of a
second antenna, looking sut the other side, will permit the chart to include a strip of terraia of
a width equal to twice the radar range.

From every point of view, future requirements for radar reconnaissance ap-
pear to demand high~resclution radar and high-performance aircraft. The side -looking radar
development makes the combination really feasible for the [irst time. That is why we recom-
mend so strongly that it be encouraged and expedited.

We do not intend to review here all details of the problem, but we should like
to call attention to one or two advantages of the new technique that are not perhaps so widely
recognized as they deserve to be. We shall then outline a specific proposal for side-locking
reconnaissance radar designed for fighter-type aircraft.

One of the most interesting differences between the fixed-beam radar and the
conventional revolving-beam radar involves the time distribution of pulses on a given target.
The revolving-beam radar looks at the same target at well-separated intervals scattered over
a period of time of the order of magnitude of the radar range divided by the plane speed - a mat~
ter of several minutes at the very least,
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Echoes collectad frdm‘the same target over this interval are not brought to-
gether in the same place, nor do we possess means for adding and'averaging them over so long a
time if they were., Therefore, we cannot make the most of the in.formatim‘we have, The fixed
side -looking beam i3 on a given target only for a time equal to the beamwidth at the target di-
vided by the plane's speed ~a fraction of & second ina typicgi situation, .But all the pulses on
the target during this period caht:ihute to the same spot on the record and can be effectively '
averaged together. With a pulse-repetition rate as low ag 160 per second, for example, it is
possible {0 have the equivalent of 30 to 100 pulses per beamwidth for the more remote targets.
This means that side-looking radar, can, if necessary, operate st vgryﬁmch lower averﬁge
power than a comparable remlving«beam radar, without running into difficulties in the matter
of pulses-per-beaniwidth, 'I'o put it anather way, sxde»laokmg radar -useg the radar informa-
tion available muech more efﬁcxenuy than does, at present, conventional radar.

The side«locking radar antenna is much simpler, in-some respectsz. than any
scanning antenna. There seems to be a tendency to regnrd Unear arrays as complicated. and
as requiring extensive developmemal work.  Actually, the design of {ized waveguide arrays,
and their construction, once degigned, is the ultimate in simplicity ~ 2 pipe with holes. The
radome problem is simpler, too, because it involves fixed cytim:ﬁrwal optics cnly The usual
radome problem, for a scanning antenna. is meny problems in one. For side-locking radar,
the relation of radome to antenna is fixed once and for all, and it isa part‘icalafly happy rela-"
tion also, in that the waves travel almost perpendicularly t'ﬁiéﬁgh”the radome. One must be
careful not to let the fact thai the APQ-7 antenna was used’ fm* the APQ-38 hsh»up create the
impression that the eventual 5ide~»1aekmg antenna will be a tricky device, It can be the sim-
plest microwaye radar antenna ever flawn, !

The posstbilmes of the side-looking technique are most m'n,diy apparent when
we tackle the problem of the fighter-type remmam&&me aircraft, A narrow spar is an objest
that can conceivably be carried on a fightsr,” and in varicus ways: One simple and elegant solu-
tion is to mountthe spar on the noge of the fighter, as in Flgg 9-1, with the rest of the vadar
gear carried mtiun the nose directly behind the amenna, “We prupese, -as a mcdest but efxective
beginning, a spar B} to O feet long by 7 inches outside diameter, cs:mtaining an §-foot linear
array to operate on Ky band or perhaps also, eventuvally, on Ky band. This antenana, used at
1.8 em, would give a beam of width practically the same as that of the APQ-7 beam at 3.2 cm.

a litile under 0.5°, its g,éi‘n would be 60 per cent greater than that of the"“AP\Sw:i-S systemy; for

the same vertical pattern. Actually, theve would be two such antennas within the spar, oneg
laoking right and one looking left, with a switch to connect the antennas alternately to the radar
transmitter, s . :
/ A cross setztkon thmugh the pmposed spar is shown in E':.g. g~ l(d) The ver-
tical aperture gvailable far each antenna is twice as great; relative to the wavelength, as that .
in the AP(}-7 antenna, and there should be no difﬁcuhy in shaping the beam properly. The de-
sign of this antenna presents ne new electrical pmhlems - mdeed, it eliminates many old prob-
lems. The radome, afiberglass eyllnder possibiy‘ is integral with the antenna, and the whole
interior of the pipe canbe sealed and pressurized, There iz room for a refueling pipe down
the center of the structure, if that should be mdigpens;ble. Mechanically, the spar does not
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. appear to pase a very difficult problem. Aercdynamically, it is at least not preposterous, and
the preliminary opinion of those concerned with such problems is that the effect will not be ser~
ious,

The radar transmitter, receiver, and strip recarder-are contained in the
nose. In fact, the nose assermbly as a whole raight well be interchangeable with other recon-
naissance noges, The radar equipment, exclusive of spar, should not have to weigh more than
150 pounds;  if neceaéary, the uverage power demand can be reduced by taking advantage of the
low pulse rate permitted id'a side-looking radar. The primary function of this radar is the
generation of the strip chart. Thé:'i'adiar must be designed to run unattended. Whethégr the pilot
needs gr can use an auxilia.ry radar indlcator, we cannot foresee.

CIn recommenciing that this development be undertaken‘. we have in mind two
goals, First, the devempment of a specxﬁc system, for an application to which the new teck-
nique is uniquely suited, wxu focus attention and effort as will nothing elsel Second, and more
important, the develepment can provide the Air Force, and fairly soon, with a real capabmty
{or radar reconnaissance with fighters,

We recommend i&g’%gmma development of a4 simple highw
resolution side-looking radar for nose installation in
fighter-type aircraft. c

G. SOME REVARKS ON JAMMING :
There appear €6 be two extreme views oa the suscepﬁbxi:zy of present radar
. ' to jamming. The recent tests, in which the APS5-23 wis blanketed by a high pOWeT, MAIDGW-
beam jammer steered onta the radar by an SCR-584, are interpreted by some as showing how
easy it is to jam and by others as shDng how hard it 1s to jam. We want to point out here that,
however the problem is viewed, a careful anglysis brmgs one to about the same conclusions 28
to what pught to he dene. We have already argued without reference to the jemming problem,
that shorter wavelengths, high-resolution radar, and, in pamcular, side-looking radar for re-
connaissance, ought to be the main lines of future ’de’;veiopment‘, ‘Letus gssume that it is im=
portant to reduce vulnerability to Jamming, end see how these recommendations look in that

respect.

{1} Shorter wavelengths: - SAC has operaiér}, on the same radar freguency
for 8 years. It is one band in which the U.5.S. R. is well supplied
with prototypes.® If they are’ prepared to jam”us anywhere, theyare
certainly prepared at X-bandi . A switeh to Ky would at least 'fwbid
handing them everything ona platter, Posaibly t ey have already
developed equipment on K {our ECM prc)gram ceriainxy does not re-
flect this possibilityl); but even if they have, the shorter wavelex}gtn
is definitely disadvantégeﬁﬁs to the ‘jarnmer, The radar beam isnar-

 rower and it is easler to reduce the minor lobes that arise {rom mul- o
tiple reﬂections within the radome 'sm:% that offer the jammer his best
opportunity to blind the radar when the radar is Looking the other way.

(Z) ngl_g z'esolutiun - Any mc edase in resa}lutmn m:ﬁtes Jammmg more
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difficult by increasing the ratio of the gain in the beam to the gain in ail .
directions.
{3} Sidelooking: « Side-lcoking radar kas two special advantages against
jamming. First, it does not advertise its presence long ahead of time,
but passes suddenly and briefly over 8 given spot. This means that it
cannot be effectively jammed "on the beam® except by a continuous
string of jamming stations, Seecond, the long fixed array lends itself
ideally to the reduction of minor lobes, a reduction that, once achieved,
can he maintained because of the fixed relation of radome to antenna,
This makes it much harder to jam "off the beam?”.,

We believe that progress along these lines will go much {arther to reduce the
jamming threat than any desperate alteration of the X-band equipment. In particular, we re-
gard the development of high~power tuniable X-band systems as a very poor remedy, a very
costly remedy, and 3 development that, by its inherent complication of equipment and emphasis
on the wrong things, will do more to set radar back than to advance it. :

The recommendations advocating use of shorter wavelengths,

increased resolution, and side-loocking radar will all serve

to lessen the vulnerability of radar to jamming.

H. STRIF RECORDING FOR RECONNAISSANCE RADAR

If the possibilities of side-looking radar for reconnaissance are to be fully
exploited, thers will need to be some development of appropriate methads for recording the
radar information as a strip map, The problems involved have already been recognized by those .
who have been concerned with the APQ-38 development. and there appears to be no serious
technical obstacle. One rather straightforward solution to the problem is awailable: 2 continu-
ous-strip phatograph of the face of a cathode-ray tube upon which is painted the electron beam =
a single intensity-modulated trace. In thig scheme, the stabilization of the data against air-
craft yaw is easily accomplisghed by an electronic ilting of the trace. An advantage of the
photographic link over other presently available means is the wide dynamic range available,
which should make it pessible to record the full radar information without manual gain adjust-
ments. It appears that the resalving power of the photographic film is admirably matched to
the recording requirements that would be presented by a'sidevlookmg radar of extremely high
resplutien, In particular, a 70-mm film will be capable of recording faithfully atl the informa-
tion that even a rather advanced type of side-looking radar can provide. In some cases, it
might be desirable to include rapid processing of the film ag part of the zutomatic recording
system,

The requirements placed on the cathode -ray tube for this application are aot
the conventional ones. In particular, we reguire sharp focus in one direction only ~ the direc-
tion parallel to the trace -~ since it would be possible to shrink the other dimensions of the re-
carded spot by appropriate optics or by a mask. It may therefore be feasible to achieve higher
range resolution than would be posaible in a normal PPL. It is even cénceivable that a flat
cathode-ray tube could be used bera to some advantage, although any possible advantage would
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have to be weighed very carefully agamst the obvious chsadvantage of-a new tuhe type,

What is really needed is a wallwthought ~out deveiupment of a complete racord«w
ing system in Whlcn the videa-~response law, the electron optzcs of the cathode»-ray tube, the .
recording camera with its drive and (posmbly, mth the extra Ieamre ‘of immmediate processing),

will be matched to one ancther.

The realization of the advantages of side-locking radar de- .
. pends an parallel‘imegrmed development of the methods of
sirip mapping, including a shavper- ~focus. z:a.tlw;ie»ray tube
_and aytomatic reccrd.mg equipmerzt

1. FORWARD-LOOKING HIGH~RESOLUTION RADAR
It is evident 1o us that the s;dewlaokmg radar already descmbed, will produce -

great advances in the ability of radar to gather intelligence -bearing infarmations however, it 15

not now self-evident that the side-looking radar will meet the requirements that exist for a
baombing set. If forward. looking radars continue to be required. we must face the problem of ‘

obtaining higher resolution in order to increase their intelligence - gathering ability ~ which is

synonymous wilh improved bombing accuracy” “The werwau recommendation is that it be
clearly recognized that improved re:smmion requxres mere kmmzonfa}, antenna aperture as well
as, perhaps, the use of shorter wavelengths in the radar lt&elf- .Clrcuit complexity, as repre-
sented by the monopulse msoiuimu improvers, lg at best & means of making the most of ao dun-
satxst'actory situation with re gard to antenna beam resalution. . .

Lookmg at the prablem generally, we may ask whéther the ‘radar antenna re-
quirements are inconsistent with the au-plane. For sigmficam im;}mvemeum in radar resolu-~
tion, an antenpa aperture having a diciension on the order ot‘ s or 10 feat bsrimnmuy. and on
the order of 8 inches vertically ig required. It seems clear that-the axrpla.ue itsel{ has dimen- -
sions that are greater than this;. .therefore, ‘there is 0o obvious mct:msiszency, For the same
resolution, an aintenna thai scans thraugh the full 360" necessar;}y makes a much greater de-
mand en space in the aircraft,- Thummg of the rad&x‘ as a bambmg ins _mmenh one must keep
in mind that the sacnhce in ﬂexkhility - ip particular; the restriction to offset alming points
withig the scanning sector - may be more than ecurnterbalacced by that gmn in resolution attain-
abie with the larger section scdnning antenna. : S

More ﬁgmcxfmally, let us consider the type of high»resolutian scanning anten«
nas that might be employed‘ The line-feed type antenna represented by ghe World Wer I1 Eagle
(eventually embodied in APQ-7) was originally ¢onceived a5 being instalied in the leading edge
of the airplane wing. This still seems like & very good idea. I the case 'oifairplanes with the
sweptback-type wing, it would be desirable tohave such an anteana in the leading edge of both
wings, and there seems no obvious reascn why this alse is not a possibility.

It is recagnized that line-feed antennag that scan (e. g.. the Eagle}are very
difficult to build and wﬂl scan over a timited angle only. The Eagle antenna at X-band scanned
an angle of 60° and, therefore, we might assurce that a 1.8-cm version of the Eagle antenna

might scan an angle of 30°. In the ‘sweptwing installation, this may be entirely satilfactury. but
improved antenmas are needed. ’ 2 -




it is suggested that the antenna sketched angQ 2 would be easier to build
than the Eagle antenna, woulil operate over a urvader {requency band, and might be adapted to : .
scanning a larger angle. The anteana shown is an adaptation of the *Rocking Horse™ antenna v
which has seen wide Service use. It embodies a horn feed, a parabolic reflector, and an emit.
ting aperture which might be shaped somewhat t¢ approximate the desired vertical beam distri-
butien. The polarization of the electrie field iz parallel to the wide dimension of the antenna,
and, therefore, supporting struts might be placed at {requent intervals across the aparture as
well as across the pillbox itself, Two alternate methods of scanning are suggested by the sec~
tion drawings of Fig. 9-2, In 8-I{a}. the entire parabclic surface and a portion of the top and
a portion of the two sides of the pillbox are moved in the plane of the wide direction of the an-
tenna. Energy would not be expected to pass through the opening because the gap forms a wave-
guide beyond cutoff for the polarization emploved (horizontal, as the antenna would be used). In
the arrangement sketched in Fig, 8-2(b), only the parabolic surface would be rotated in the hor-
izontal plane. Again, the energy would not be expected to leak past the parahaiic reflector
since there would be formed a waveguide beyand cutoff. We are informed that the antenna of
Fig,9-2 would fit into the wing of a B-36, for example,
It is recommended that a scanning antenna of the type sketched in Fig. 5.2, or
of any other type permitting 2 comparable aperture, be developed for high-resdlution forward.
looking airborne radar, -
It is further recommended that the radar antenna be regarded as one of the
essential components of the aircraft, in much the same way that the gascline tanks are now
considered. Specifically, we emphasize the need for integral design of zirframe and antenna.
The radar antenna of adequate aperture is an essential to bombing aceuracy just as a gasoline :
a tank of adequate volume is essential to {light over the required distanca. .

High-resoletion, forward-locking scanning radar can be

designed for modern bombers if a determined effort is

made. Provision for the antenna of such a system must

bie integrated with airframe design.

J, GROUND MAPPING BY DOPPLER ANALYSIS

A novel and extremely promising method for obtaining a radar map of very
high resglution has been discovared in the course of work on airborne fnoving‘-target radar at
the University of [llinois. The method has been described to the BEACON HILL Study Group by
Dr. Chalmers Sherwin. In this scheme, a very broad microwave beam is directed at a fixed
angle of some 30 or 40 degregs with respect to the aircrafi’s heading., The transmitter and re-
ceiver operate as in a conventional pulse radar, but the pulse duration is quife short and the
! pulse-repetition rate is higher than usual. A narrow range gale selects returns at a discrete
* range only. The effective echoing area, at any instant. is a curved sirip or arc, defined by
the range interval selected and the angular width of the beam. Ground targets iying at positions
within this arc are distinguished from one another by their Doppler frequencies. A series of
audio filters, in effect, divides the arc into many small ’angular increments. Freguency dis-
erimination, in other words, is made to serve the purpose of angular discrimination. As the
plane moves, the arc ls swept along the ground, and, by means of a suitable strip recorder, a
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strip map is gene rated whose final appearance should in most respeats resemble the strip map ! .
generated by a side-looking radar. This is a very inadequate explanation of the proposed de-
vice, and hardly does justice to its ingenuity. Since complete details are available in a recent
report by Sherwin® we prefer to limit the discussion here to the relation of this propusal to the
other developments we are recummending.

For low-level radar reconnaissance by fast amall aircraft, the Doppler method
is extremely altractive. The range of the system i limited in a way that ordinary radar is not
and, although this limitation may be circumvented by further elaboration o the system, it ap-~
pears that a range of 5 to 10 miles iz about the most one should count on gow. We have already
argued that there is an imporiant use for relatively short-range reconnaissance radar, provid-
ing it has extremely high resclution and can be carried in a small high-speed plane, We there-
fore strongly recommend that the develgpment of the Sherwin gystem be carried forward.

However attractive the proposed scheme may be, we do not believe that it re-
moves the nesd to proceed also with the development of the high-resolution side-locking recon-
naissance radar. Side-lpoking reconnaissance radar has, at preseni, two important advantages
that we cannot afford to throw away. [t is not subject to the pecuiia.r range limitation of the
Doppler method, and it is a combination of known, proven. and simple elements that will give
us a high-resolution radar now, Enthusiastic as we are asbout Sherwin's proposal, we feel that
it would be most unfortunate if it wers treated as an excuse for once more postponing a direct
attack on the problem of highwesoiution radar for reconnaissance,

*C. W. Sherwin, High-Resalution Airborne Radar Employing Doppler Frequency Analysis, Con-
trol Systems Lab,., University of lllincis(Cantract DA-11-G22-ORO~174), 24 March 1652.
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CHAPTER 10
PASSIVE INFRARED AND MICROWAVB RECONNAISSANCE

A. INTBODUCTION ‘

A spec:tacular new technique for aer‘iai recomaissance iﬁ on the threghold of
practicality. This technique involves the reception of thermal electromagnetxc»wave radiations
from objects, without the use ot transmztted power at the Sensing devige. - Most outstanding
ameng the potentialities of this technigue is {ts ability to "see” through clouds and at night.
What is "seen” may approximate a crude optical picture far more clogaly than does radar in-
formatior.

B. THE PHYSICAL EFFECTS INVOLVED ‘ : :

The elementary mnf'ep: involved in this technique i the Theasurement Dt lhe
apparent radiation temperature of an abject. This type of measuyrement has been made by K. G.
Jansky, H.T.Friis and C. B. Feldman in connection with radiation from tbjects in space, by
G. C.Southworth in connection with sun-noise measurements, and by R. H. Dicke at the M.L. T.
Radiation Laboratory in connection with atmospheric»ﬁbsurptian measurements.* Figure 104
shows a srmphfzed blmck diagram of a receiver. The temperature. Tl at the receiver is cotn-
pared to that of the absorbmg bady B which is at ‘I‘z. and the difference sngna} is shown at the ©
indicator. When body B {5 perfectly absorbing at the wavelength used and is large encugh to in»
tercept the entire antenna beaf;ii; the receiver indicates the temperature diifererz;g (;’I‘z - ‘1‘1)‘ .
If, however, body B is tolally reﬂecting {as is metal at radio wavelengths), the energy received
by the antenna is that from the ﬁutrcandmg region A which is presumed ta be completely ah~
sorbing (see Fig. 10-2). In this cage, Lhe receiver will mdzcate {T - ‘1‘1) even though it is
directed at body B which is at temperature T These simple cuses xuustrate that three impor-
tant factors determine the apparent Eempera.ture of an object: i

{1) The temperature of the abject: S :
{2} The emissivity (or reflectivity) of the objeet; : , *
{3} The tempersture of the absorbing medium surraunding the object. |

On 4 clear dg\y\.‘the temperature of cuter space, as seen by an infrared re-
ceiver in the 8 to 15 micron region, is low - prcbamy less than 180" K. In most of the micro-
wave spectrum, the temperature of suter space tnay be 10° or 20° K. Clouds attenuate infrared
waves bul not ricrowaves, and (nterfere with infrared reconnajssance but not with microwave
reconnaissance, Hence;, when viewed by an sirborne receiver, smooth bedies of water, metal
roofs, and other highly reflecting nbjects will have a low apparent temperature. Other materi-
als absorb energy to ‘agreate‘r extent., and take on an apparent temperature T of:

*See, for example:
R.H. Dicke, Atmospheric Absorption Measurements vnth a Microwave Radiometer, Phys. Rev.
70, 340 (1946); The Measurement of Thermal Radiatica at Micmwave Frequenmes. Rev., Seci.

Inst. 17, No.7 (1946).

Final Report of PROJECT VISTA, Chapter 9 Sectmn OF, "Passive Infrared Devices for detec-
tion and Gmdarce"; a.lse Chapter 8, Agpendxx VI G, "Tact;cal Uses of Infrared ¥
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CONFIBENTIAL

T, =T, + (L~ Ty .

where T, and T, are the temperatures of the object and its surroundings, respectively, and ¢
is the emissivity of the object. A typical temperature for abjects on the ground is 220° K and
emissivities are perhaps on the order of 0.5. Thas apparent temperature differences on the
order of 100° K or more are expected ta exist in typical ground terrain when viewed from the
air, even though the true thermal temperatures of cbjects on this terrain are almos! the same.
A few cases may occur wherein an object is at a truly elevalad temperature and simultaneously
is highly absorbing {or highly emissive, which is the same thing) at the wavelength emplayed;
only in such rare cases will the system act as a heat delector. Most apparent temperature dif-
ferences will be determined by differences in emissivity or reflectivity and the low temperature
of outer space.

The next expectation is that rivers, land, and objects on the land will have
widely diffsrent apparan! temperatures. By observing these temperature differances and re-
cording them as brightness varialions on a film or cathode-ray tube, we cbtain a picture that is

a reasonable substitute for a visual plcture,

C. PASSIVE INFRARED RECONNAISSANCE
While investigating the ability of infrared radiations {rom ground objects to
trigger a camera system for night photography, scientists of the Serve Corparation of America
noted rather appreciable radiation differences. They thereupon recugnized potentialities of the
thermal-radiation receiver for aerial surveying, angd they converted the system to make it scan
in the manner sketched in Fig. 10-4. The scanning system had a resolution of 0.5° x 0.7, «0.57, .
ard swept an angle of 50° total at right angles tn the direction of aircrafl flight. Scan rates on :
the order of 2 to & per second were employed; thus 240 to 720 elements were scanned per second.
With 2 channels — i.e., 2 scanning heams and 2 completely separale receivers, separated by U
in the direction of flight and synchronized with regard to lateral sweep - the information raie
was doubled. The forward motion of the aircraft produced the second dimmension of scan and
the pictorial display was created by synchronizing the motion of a paper recording chart with
the forward motion of the airplane. A 12-inch diameter gntenna dome was employed.
Wavelengths in the region 8 to 15 microns were used, for this is the region in
which the atmoespheric absorption is gquite low.® A silver chloride filter was used in the receiver
to block off wavelengths helow 0.7 micron in order to exclude the large visible reflections that
are not usabie for the purpose of intelligence. The detection element emploved was g thermistor
which has a much broader band than that from 8 te 15 micross. A thermistor time constant on

*For the region helaw § microns, Dr. Ovrebo briefed the BEACON HILL Study Group on the use
of the near-infrared radiations for the detection of tanks and other chjects. We do not know of
an interest in the near-infrared for the pictorial display of terrain features; and, without giving
detailed consideration to the problem, we expect that the 10-micron region is a better choice.
The transmission loss through clear atmoesphere in the vicinity of 3.5 microns may Be lower than
in the band near 10 microns. but the 3.5-micren pass band is narrower. The near-infrared
wavelengths would be just as subject to overcast and cloud attenuation as are 1Q-micron radi-
ations. A detailed discussion of the use of near-infrared in connection with TAC problems is
given in the Report of PROJECT VISTA.
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the order of 0.003 s2c was employed in the system, and the present technigue for making

thermistors limits the time constant to the grder of 4,001 Sgc minimum.
An indication of the strength of the signals received during ﬂfght tests is

given by Table 10-1.

TABLE 17-1

Magnitude of Signal
at a Reference Point in the Receiver

5ignal Source ' {Microvolts)
Total {set and thermal noise) 5
Hangar area 30 - 90
Small factory 250
Burning trash duwmp 1000

These data indicate that moderately small objects produce signals well above the noise level,
and thal the dynamic range of the recording mechanism should be about 40 db in order to make
full uge of the available information.

The aerial survey of the New York area made with this equipment by the Servo
Corporation reveals that a tremendous amount of detail is available. The day and night recard-
ings of the same area were noticeably different. In particular, at night certain highways ap-
peared brighter than the surmunding terrain, whereas in the daytime they appeared darker,

This may be due to the fact that the highway signal remains constant, while the signal from the
surrounding terrain fluctuates widely. This general behavior is probably inherent in the use of
the 8 to 15 micron region, and has an important bearing on the significance of the information -
namely, that the information received from a given area will depend appraciably upon the time
of observation as well as upon ahsorption conditions in the atmosphere ahove the target.

There is a serioug atmospheric propagation problem in the & to 15 micron
region. Rain clouds of sufficient density are certain to produce high attensations and, therefore,
will screen an airborne infrared receiver from all ground objects (if the ¢loud i{s between the re-
ceiver and the ground}. This may be the outstanding reason for seeking a thermal-radiation re~
ceiver that operates at short radic wavelengths, where clouds have relatively little effect. The
infrared, however, is reported to have a noticeable edge over optical wavelengths with regard
to seeing through overcast, and this is to be expectad from the nature of absorption effects.

D. PASSIVE MICROWAVE RECONNAISSANCE

Although propogal for the use of microwave frequencles in a thermal-radiation
receiver system was made® and specifications for a proposed development contract were drawn

*Craven, W.A., Jr., and Genoud, R.H., Detection of Thermal Radiation at Microwave Frequen-
cies, Hughes Aircraft Company Report, Feb. 8, 1851.
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up,* no further progress appears to have been made. .
1. The Receiver
We consider first the seasitivity that' might be expected of a microwave thermal-
radiation receiver. The work of R, H. Dicke has been interpreted to show that the smallest ob-
servable temperature difference AT is related to the parameters of the receiving systern as fol-

lows:
tAE(%%) =1,

where

t = averaging time for the measurement in seconds,
Af'= receiver intermediate-frequency bandwidth in cycles/sec,
AT = ghserved temperature difference,

F = receiver noige figure,

T = absolute temperature at.receiver (approximately 300%),

The smallest abservable temperature difference is here defined to be equal to
the rms statistical fluetuation in apparent temperature, which one might call the "background
noise”.

From this relation, it can be seen that the [igure of merit of the receiver
is

Napo,

Both bandwidth and noise figure aid in detecting the temperature difference. The frequency of
operation does not enter directly into the receiver figure-of-merit relation. However, there
are important factors that dictate the use of the highest possible radio frequency.

{a) In order to get the best resolution, we need the smallest anteénna beam pos-
sible; with the limitations on antenna size inherent in airborne applications, this means
we must use highest possible frequency.

(b} The size of many objects that we wish to detect on the ground is smaller than
the cross-sectional area of the antenna beam at distances of about 42,000 feet, and, there-
fore, the actual signals delivered to the receiver will be largest when we use the smallest
pessible beam. This is a consequence of the fact that the receiver will "see® a temperature
that is the average temperature gver the entire cross-sectional area of the beam.

We must aveid significant atmospheric absorption in order to avoid attenu-
ation of the signal and in order to take advantage of the low surrounding termperature of culside
space, Therefore, we must certainly avoid the oxygen-absorption region near 5 mm.  Wave-

*Wright Air Development Centay, Weapons Components Division, Exhibit No. WCER-138,
dated 16 January 1952.

I
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lengths longer than 6.5 mrn will probably be satisfactory from the standpoint of absorpticn, | fﬁt‘"‘"‘*—
the pogsible exception of the region near 1.3 cin. where there is 8 water-vapor absorption band. .
Let us gonsider the kind of receiver that is now available in the region betwsen
6.5 and 10 mm and determine how much area can be gcanned in a given time. Using companents
available on a research basis, we ecan build a superheterodyne receiver having a 20-Mc bandwidth
and a noise figure of 15 db. It follows that temperature differencea as small as 10°K can be
measured at the rate of 22 elements per second {where an element is the area included within
the bepamwidth). Use of two pelarizations or a multiplicity of receivers would increase this in-

formation rate. The effect of the image band has been included.

In order ta evaluate the long<term implications, suppose we now consider the
kind of receiver that might be made available after some years of research and development.
It i3 likely that traveling-wave tubes wiil ultimately provide the best figure of merit as defined
by the relation given ghove. Traveling-wave tubes that operate over a 3:1 frequency ratio have
already been built. This means that a tube having a top frequency of 46,000 Mc, corresponding
to a wavelength of 6.5 mm, would have a lower frequency limit of 16,000 Mc and a total band~
width of 30,000 Mc. Traveling-wave tubes have alao been built for the region around 3000 Me
(mid-band}, with a noise figure of about 10 db. Suppose that we now assume that further develop-
ment in the millimeter-wave region makes available tubes with noise figures of 10 db. We then
find that we can measure a temperature difference of 10° K at & rate of 90,000 elements per
gecond.

2. The Size of the Area Scanned

Conaider first the line-acan system of Fig.10-4. Assume a 0.25" antenna
beamwidth (this requires an antenna about 7 feet in diameter), a 40,000-foot altitude and g 600- .
mph aircraft speed. The size of the element of area that is resolved girectly beneath the air-

plane is 200 feet in diameter. The forward motion of the vehicle ig about 1000 feet per second,
or 5 elements of area per second. The transverse motion of the beam must then be 3 one-way
sweeps per second, and 5 elements of area or a 1000~fpat wide strip may be examined by the 22
elements-per-second receiver discussed above. A very modest portion of the forseeable re-
ceiver improvement would make possible the gcanning of an area 2 or 3 miles wide.

If the forward motion of the aircraft causes the scanned area to move past the
receiver (Fig.10-3), a total of 5 elements may be continuously examined. Arranged in a square
picture, this meang that an area about 10060 feet square with a resslving power of 400 feet could
be examined with the "existing® set.® If the beam acan is arranged 80 as ta track a given area
on the ground as the aireraft approaches the target area, then the full 22 elementa per second
meazuring time could be utilized, corresponding to an area approximately 2000 feet s3quare for
the paramater values selected above. By taking longer than a second {or the measurement or by
using more bandwidth, more slements may be utilized {in direct proportion to the increase in
bandwidth or increase in time of measurement}. Again, 2 rather modest portion of the forgee-
able improvement in the receiver wouid make available an area several miles on a side instead

of the 0. 4~-mile square area indicated above .

*This assumes an angle of 26,5° between the scanning beam and the horizontal.
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3. Stabllity of Microwave Thermal Signals
The Best way to learn about the stability 4:.{ microwave thermal signals is to
observe them, and we propose that this be done. In the meanhme we ma;y try to anticipate the

resuits. : v
It iz very likely tbat there will be no day-tomi}ixz variation in the 'observed
signals, since true temperatures are not expected to play a large part in the contrast between
various objects. Simdlarly, aversast should not iziﬂi:ence the picture mteriauy‘ The sun
should influence the picture only in the rare case w,her:e‘ {ts mirror image appears ak the re-

ceiver, :
It is quite pogsible that a recent rain wm glter the reﬂectiv-ity of objects
enough to change the picture, zmd lhera may be seasonal dszérences due o growth of vegetation,
freezing a{ rivers, snow, ztc

The best evxdence on this snhject. we repeat, is expenmental evidence.

4. Qther Ap;mcauons

It should be noted that 2 microwave thermal 5yﬁtem may offer advnntages to
ground-based operations as well as to the airborne aerial eperati@ns ‘we have been considaring.
In particular, it is quite likely that & grndi:d based receiver can detec: au‘planes by virtue of the
faet that radiation from the e&rth is reflected-from the under side of the airplane toward the re-
ceiver. The radiation from the es.r'th would be retaﬁvety large cgmpared to tha.t fram the cold -
space bordering the airplane as viewed from the receiver. o .

. It is alss guite possible that tanks or athér vehicles might be detected by the
passive«radiaﬁun receiver becanse the tanks have hxgher reflectivities lhan bushes or ather
foliage that might be in the background. :

"7 These gpeculations are subject to evaluation by means of very simple experi-

ments.

E. DISCUSSION AND CONCLUSIONS - :

1. Passive Infrared Reconnaissance

radiation receptmn asa pittorial dxsplay system' this amounts tu a slow television viewing ays-
tem in which optical wavelengths have been replaced by infrared wavelengtha./ Twao major short-v
comings have appeared: {a) the picture mceived in this ""manner varies greatly between day and "
night; and (b} the unmy of the system is 1imitec} by clouds and atmospheric eonditions although
this limitation is not so severe as it is at visible wavelengths (photography).  In addition, itis
not now possible to build & really fast ~acting mfrared radiometer {to produce ezsentially con-
tinuous viewing of an entire area) because there is not available a really fast-acting infrared
detector.  Om the other hand, the mfmred system has the tremendens advantage of existence.

It is recommended that the existing infrared
“equipment be used to determine the basic
characteristics of airbornpe infrared recon-

naissance,




In particular, a serious atiempt should be made to obtain quantitative informa- .
tion on the transmission losses through various types of clouds viewed frozi'n various allitudes,
and to determine how frequently an infrared thermal-radiation receiver would he rendered in-
operative by clouds or by rain conditions. Flights should he made at high altitude to demonstrate
the kinds of pictures that can be obtained under these conditions for comparison with the pictures :
that have already been taken at low altitudes. An attempt should be made to ascertain the rela-
tive importance ¢f absolute temperature and emissivity in determining the intensity of infrared
radiation received irom various objects. While carrying out this study, consideration should be
given to the type of signal that probably would be received by a microwave thermal-rvadiation re~
ceiver in dimilar circumstances. The objective wounld be ta try to delermine the areas of ap-
plication in which the iafriared system performance would clearly equal or excel that of the
microwave eguivalent. It has been suggested, for example, that factory gases may give a posi-
tive indication on the infrared radiometer, but no indication on a microwave radiometer.

Until some preliminary work has been done on passive micrawave reconnais-
zance, and some of the work recommended in the above paragraphs is carried out, it iz sug-
gested that no new infrared thermal-radiation-reception equipment be developed for reconnais-
sance purposes. Thie recommendation dees not apply, of course, should there be discovered
an application that is clearly not met by the proposed passive microwave system.

Z. Passive Microwave Reconnaissance

1t is possible o huild receiving equipment capable of detecting the differences
in apparent thermal radiation thal are expected to emanate from buildings, trees, rivers and
land in the short-wavelength end of the radio spectrum, .

If such receiving equipment were used to actuate a pictorial display system,
it is quite probable that the picture would be informative as {¢ the nature of the terrain. It is
certain that such a picture would differ from the corresponding cne obtained at infrared wave-
tengths (since the emissivity of many materials differs greatly at the two widely different wave-
lerigths}); it would also differ materially from a radar picture.

In order to realize 0.5 resoclution, the microwave system will require a 3.5~
foot aperture, whereas the infrared system employs only a ane-foot aperture, The beam angle
can be reduced by increasing the antenna aperture in the microwave case; in order to reduce the
beam angle in the infrared system, it is necessary to reduce the size of the thermistor de-
tector, for thig is the limiting element in the present equipment. N

Compared to the infrared system, the outstanding advantage of the microwave
system is greatly reduced susceptibility to cloud interference. The microwave system may alsg
become faster than the infrared system, and capable of simultaneocusly viewing more elements,
when forseeable improvements in receivers materialize,

The pateﬁtialities of the microwave system appear tc us to be great, and it
seems unfortunate that a year has passed since the initial conception without actual work being
started.

We recommend that a vigorous exnloration of the patentia,[i-

ties of microwave thermal-radiation reception be undertaken

CONEIDENTIAL




Y B k

et 'ﬁ P pag v
L el
g

. ;  immediately. This should take the form of observing the
contrasts in apparent temperature that are presented td
an elevated or airborne receiver by bare land, water,
trees, cities, etc. S

Airborne Passive Receivers versus Airborne Radar
The thermal-radiation reception syﬁtem has the following advantages com-

pared to radar‘ e z
{a) It does not advertise its presence (aa does radar). because no transmitter
is employed.,

(b} it is pmbabl irmpervious to jammiriééiﬁcmﬂ) véry small side lobes can bé '
realized in the sharp-beam antenna which has practical size in the millimeter region; and
{2} the jammer is located with great precision by the nature: @t’ the system (the jammer
will be a bright spot on the picture}. ;

{e} The nat re of the thermalwradlaticm receiver system is such that it will tend
to show the true shape ‘of bulldings or other large objects. R.ada.r, on the other hand,
tends to show the sharp corners of ohjects rather than the true shape of the objects.

(d) The thermal aystem is at its best when it is looking straight down, whereas
radar provides no information whatsoever when used in thiz way. (Alrborne radar is .
virtually useless for viewing angles out to about 30°® from the vertical, for thare is very
little range difference between objects on the ground plane in this sector. )

(e} By virtue of its resembling normal vision more closely than does radar, the
passive display picture may be more easily interpretable than is the radar picture.

. {f) There is no scanning loss associated with the passive-radiation receiver
since the'thermal radiations are continuous. Therefore, with a suitable integrating ar-
rangement on the face of the cathode-ray tube or other viewing mechanism, it is quite
possible to uge a rapid-geanning presentation which allows the viewer toobtain the maxi.
murm of information from the gystem...

On the camrary side of the zzompamscn. 1* i not clear tha.t pa:,mve receptmn

sygtem. Passive receivers reaemble low«resolutwn optical systema morg than radar systems

in this respect.
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CHAFPTER 11
RECONNAISSANCE VEHICLES

A. THE NEED FOR RECONNAISSANCE

In the current world situation, the need for the sort of information obtainable
through aerial reconnaissance is many times more urgent than it was before and during World
War II. This urgent requirement for effective reconnaissance can be met only by a correspond=
ing increase in the emphasis placed by the Air Force on the development and effective employ~-
ment of aerial reconnaissance systems. Such systems must be designed to meel two rather
different needs. Prior to the sutbreak of acknowledged hostilities, it will be useful to supple-
ment pur present information on the Soviel economy, military capabilities, and order of
batile - so far as this can be done = by up-to-date information gathered in politically acceptable
ways. Should hostilities commence, we must be ready for an immediate and continuing recon-
naissance effort conducted without regard for the political niceties prevailing eariier. The
dual nature of the reconnaissance task for which we must develop equipment and systems sug-
gest that, other things being equal, a system hawving bath a pre- and a post=D«Day capability
will be preferable to a pre-D-Day system whose utility is limited to that period.

In what follows, the general requirements for reconnaissance vehicles are
sketched, and the recommended program is set forth in brief fashion. The recommendations
are intended more to indicate the general shape and direction of a future program than to pre-
sent an exhaustive and infallible analysis of desirable developments in reconnaissance.

B. CURRENT RECONNAISSANCE VEHICLES

Reconnaizsance aireraft types now in service include the RB-26, RF-51,
RB-29, RB-36, RB+«45, RB-50, and RF-80. To these can be added the RB-47 and RF-84F,
which will go inte production this year. Many of the current reconnaissance types have been
obtained by modifying for reconnaissance airplanes that had been made obsolete by a later
model of the same type. Reconnaissance has often been foreed to.use the handed-down equip-

ment of the combat branches of the Air Force.
The dangers inherent in this approach to reconnaissance have now been

recognized. In the programs for the MX 15626 and MX 1712, the requirements for reconnais-
sance are being taken into account during the design stages. Neverthelezs, to illuminate the
reasons behind later recommendations in this Report, it may be useful to review here some
of the major requiregments applicable to the design of reconnaissance systems.

C. RECONNAISSANCE REQUIREMENTS

1. Need for Pre-D-Day Aerial Reconnaissance
We have reached a period in histery when our peacetime knowledge of the ca-
pabilities, activities and dispositions of a potentially hostile nation is such as to demand that we
supplement it with the maximum amount of information obtainable through serial reconnaissance.
To avoid political involvements, such aerial reconnaissance must be conducted either from vehi-
cles flying in friendly airspace, or - a decision on this point permitting ~ from vehicles
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whase performarnce {s such that they can operate in Soviet airspace with greatly reduced
chanees of detection uk‘r ‘mtarceptim The poutxcal absiacles to perrnmmg recennaissance of
the latter type are often mentioned as Justxfymg 2 lack of effort on equipment and systems far
pre-D-Day reconnaissance involving penetfation of Soviet airspace. This is probably unwise.
Without realistic trials of such systems against friendly air defenge, without Tealistic evalu-
ation of the reconnaissance inférmahion that such systems are able to gather inactual field ex-
periments, we do not have all'the facts that are needed to reach sound political decisxons con-
cerning the use of such systems.

2. Survival in the Face of Modern Eefem;ee

The classical reconnaigsance mission is pertormed by the swiﬂest means,

whether the light-foot soldier, the cavalry, or‘the hxgh«speeﬂ flying machine. In Wowld War.
II, it was generaily performed by a gingle aireraft, olten unarmed, which relied on high per-
formance to evade gnemy defensea. The concept of using lhe ﬂeetest means for reconnais- ;
sance is still sound. We know that Soviet Interceptors compare favorably with the best we haves
we suspect that their local ground«tmmr defenses may also be formidable.” Under these cir-
cumstances, we shall not wish to use obsolescent aircraft for reconnaissance. :

¢ Furthermore, the fuel and airframe wgig‘hl‘é neceasary to fly the wvehicle over .
long distances to the énemy airspace inflict a penalty on target performance, which should be
avoided wherever possible by the use of peripheral bases and air refuelmg’ and parasiting
facilities. The hiphest possible speed and altitude perforrnance will be reqmred of raccrmms-
sance aircraft; a capability for sbtaining infcrmatmn by low~alt1tude runs aver the farget is also
important. : .

3. Balagce in 'Reeonnaissa.nce Svstem Desi:gg
High performance in aircraft carries with it ever-increasing penalties in

terms of the ratio of gross weight to payload. F‘oreseeable supersomc speeds and long gper-
ating ranges will in sore cases cause an increase in aircra!t gross weight of more thau ten
pounds for every additional pound of equipment weight, This being o, it is of the greatest
importaoce to minimize the size and weight of the sensmg squipment to be carried by recon-
naissance aireraft - maintaining, of :g;oﬁrse. performance adequate to nblain essential informa-

tion - rather than to put costly or even impmssi,biereqliirements on the airframe and engine
designer for want of sufficient attention to the degzgn of the pa;ﬂoad This has not always been
done in the past. - . ’
Perhaps the greatest opportunity for bett‘ér balance in recor.maissa.m:e system
design is in electronic intercept installations in ferret aircraft. In Chapter 4, we have examined
the several functions of electromagnetic. mtemept and pointed out that the present eléctronic
receiving equipment is aimed at tne precise analysis of 2 limited number of signals. The eom~
plete installation peeded for this fine analysm resembles a flying lsboratory v and requires a very
large plane to carry it. Other 1mpartznt functions of electromagnetic intercept ~ particularly
the effective surveillance of broad regions of the spectrum - could be servgd by less elaborate
equipment, which would lessen the demand on aitcraft gross weight. '

In addition, it is operationally sound to design alternative eqﬁpment instal~
lations for the different types of reconnaissance missions (photographie,” electromagnetic
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intercept, high-resolution radar, etc.), rather than te overburden the reconnaissance aircraft in
the hope of obtaining all types of data on a single sortie. Equipments designed‘ Lo make special
observations required only rarely in a campaign can be excluded from the standard systems de-
Sign, with provision [or alternate use when such special observations may be cx?itical‘ly impor-
tant. Again, data links and relay systems can he used, when their relizbility is high enough, to
permit simplification and weight saving in the airborne equipment. :

The important congideration i5 to design the reconnaisgsance system as an
integrated whole: vehicle, sensing eguipment, and organization for reducing and distributing
the data obtained. This process muist begin at the inception of the hasic afreraft type, whether
bomber, fighter, or special vehicle. Whenever alirframe and equipment' are develaped inde-
pendently, there is a loss of over-all economy and good performance.

4. Eccnomy of Reconnalssance Types ‘

For obvicus reasons, it is hest to have the smallest number of specialized
reconnaissance aircraflt types consistent with adequate accomplishment of the reconnaissance
task. Three rather different capabilities appear important to us, particularly at the onset of

az:lmmwiedged hostilities.
{a} Fighter or superior performance, primarily at high dltitude, but with
the ability to go down to low altitude near a target, out to radii as great as 1000
miles, ' '
{b} High-altitude, high-speed performance in an aircraft capable of carry-
ing a substantial payload {say 4000 or 3000 pounds) to radii up to 2300 miles.
{c}) Limitedwange {about 100 miles), very-high-speed gerfoﬂnance at
low altitudes, in a terminal missile that cap be launched near a target. Recon-
naissance data from such a missile would be relayed back to the launching air-
craft,

In so far as possible, the first two of these airerafll types should be able to
carry an installation of any important data-collecting equipment: day photographic, night photo.
graphie, high-resclution radar, electromagnetic intercept, passive infrared and microwave
detection, specialized weather instrumentation, and so on, Ia the fighter type corresponding
to (a), this is probably best accomplished by means of interchangeable noses containing differ-
ent reconnaissance-equipment installations. For this reason, it is essential thal the fightér«
type reconnaissance airplane must not have an alr intake in its nose. Either side airscoops or
wing-mounted engines must be used.

The larger reconnaissance aircraft described by (b) will lend itself even
more readily to alternate installations of different observing equipment. In the case of a modi-
fied bomber, interchangeable packages can be prepared for bomb-bay stowage; in later ajrcraft,
detachable and interchangeable pods can be provided in other ways.

It is not required that the full gamut of instrumentation be provided for the
terminal missile {¢}. The most important capability for thia vehicle is that of photoelectric
scanning of the target, with a radio data link back to the launching alreraft.

By no means all the wartime situations demanding special information will
be met by the three equipment types recommended here; some situations, indeed, cannot even




be foreseen. It is felt, however, tha! the vast majm"ﬁy of the &eménds for strétsgﬁs reconnais-
sance information can be met¢ by the recommended types, and that the situations demanding.

pther equipment will be 50 speciat that they ‘can and should be met by special medifications of
existing equipment.

D. A RECOMMENDED PROGRAM

In this section there is sketched a possible program aimed at improving the
Air Force strategic and pre-D-Day reconnaissance capability in accordance with the general
congiderations that have been outlined. It is not claimed that the program recommended here
is to be taken as final or ideal; other considerations, of which the BEACON HILL SBtudy Graup -
has been ignm-aut may make modifications éeszmhle - Bowever, it is felt that the general out-
lines of the program are sound. .

For convenience in dxscusmon, two time phases are distmguzshed- the im-
medmte time period, defined as extending from the present to 1856¢ and a future time peripd

covering 19561960, w;mm sach of these periods, a further distinction is drawn betweren &

cold-war gituation hefore DmDay, anct the situation prevailing after D-Day. )

The pre-Ii-Day reconnaigsance vehicles.considered in this section are in-
tended principally fsr penetration to varying depths of unfriendly airspace; the wvehicle require- .
ments for border air 3urveiuance from fr;emily airspace ; are generally less exactmg, except

for altitude perhaps. -
1. Pre-D-Day, 1852-1956
A high«almud@ free balloon for pre «ﬂwDay penetr*ahs:m is an exzremely in-
teresting and promising vehicle for a sumber of military and sexamxﬁc uses, ‘a.nd regearch
should continue on the many problems connected with its further impmvement '
We think the utxhty of the random<search mfurmation that balloans would
bring back is of minor value ccmpared with the mc,reasmg patentmlities of other pre-D-Day
systems. According to the briefings given the BEACON HILL group, what is needed is not so
much general area-gearch information as specific infc:rmatmn 6 Soviet miii%ary forces and on
targets whose location and gengral features are known. Th&s iatter sort of informa;iam can be
gathered with gaod efficiency only by conkrolled saarch; the nnmnxronabimy and small payload
of the free balloon makes it less suitable for this task tha.n powered systems. | Do
k Nevertheless. we believe that general areamsearch in!armatmn obtainad with
low efficiency is preferable to no information at ali and we are told that balloons may be the
only politically aceeptable pre-D-Day vehicle, We therefore advocate further experimentation,
especially to obtain data on winds and pmbabie recovery rates and to explore Ught and compact
camera techniques. We expect balloons may be found usehil to carry. repeaters for electro- -
magnetic mtercept ‘operattons akthe border (see p. 168 of this chapter and Uhapter 4).
~The current balloon program appears to e delayed by technical difficultxes e
which we have not heen able to analyza in detail. We' isuggest g'wmg much greater emphasis to
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the development aspects of the program before attempting final-phase engineering for production.

It is recommended that:

{a} Resgearch be continued on the fundamental problems
of high-altitude, long-duration balloon flights;

(b} Data be obtained on wind and recovery rates, and
experiments be made with light and compact pamera
egquipment;

{c} The development aspects of the balloon program be
emphasized before final-phase engineering produc-

tion is attempted.

Two types of vehicles capable of pre-D-Day controlled search offer promise
for the immediate time period. The first iz a turbojet-powered, photographic, manned aircraft
(subsequently dronable), in which altitude is sought at the expense of all other performance pa-
rameters. Such an aircraft might be made operationally available in the 1952 to 1956 periocd as a
crash modification of an existing type. (A survey to select the most satisfactory type might in-
clude modifications of the Canberra, or the RB-8bH.) With high-altitude performance
substantially in excess of 60,000 feet, with a penetration capability of 508 miles or more, and
with the elements of surprise and initiative acting completely in our favor, we would have in
being an instrument of extreme value for several years, which could be used should cold war
political considerations permit or should the imminence of full hostilities diclate the dispatch
of such a reconnaissance force,

The second type of controlleduseafch vehicle is a modified puided missile.
Since the guidance regquirements involved in using such a vehicle for reconnaissance are less
difficult to meel than those that characterize its use for bombardment, there is every reason to
suppose that rather simple guidance systems would suffice. The B-§2 (SNARK) is fairly well
developed and satisfactory as a flying machine; a less-refined guidance system might allow the
use of this missile for reconnaissance purposes at an earlier date, In planning for any con-~
templated use of a pre-D-Day reconnaissance vehicle, the following factors should be taken
into consideration: To what extent can the likelihood of detection of such a vehicle visually or
by radar be mintmized? If it is detected, how readily can it be brought down by interceplors or
antiaireraft artillery? How efféctively can such a vehicle be programed to photograph an instal-
lation of known location (such as Peenemunde, for example) and return home with its pictures?

It is recommended that:

{a} A survey be made to determine the manned turbojet
aircraft most suitable for modification to operate
above 60,000 feet, and that a lmited number of such
reconnaissance vehicles be subsequently procured.

{b)} The reconnaissance version of the SNABK he given
priority over the bombardment version.

{c) A small number of SNARKs be fitted with camera
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. installations and simple guidance gquipment — perhaps
 only & ciock-programed autopilot’ to serve as un-
manned photo-reconnaissance aireraft,
{d) In the development program, major &mphams be put on
- reducing the optical and radar visibility of t}w alreralt,
by special paints, the use nf HARP material, or in
ather ways.

(e} When these photo~recomnatgsance aircraft are in hand,
and some experience has been gained in their oper«
ation, realistic photo-missioas be run against actual

targets in the United States or in England, for the pur-

pose of learning how effective they ¢an bé as recon-
nalssance aircraft, and dlsc how readily the Air Defense
Command, either USAP or RAF, can datecz dand intercept
them. -

After development and test, these vehicles could be made part of 4 small
pre-D-Day force-in-being, should political considerations permit their use.

With regard tc ‘air border survexl.lance by phomgrapmc, electromagnetic
feet is not critical and is readily obtame& by modxfxcatxon of existing cargo or bomber types.
Much deeper and very useful photograplnc and electromagneuc penetrations could be obtained -
. from border vehicles flying appreciably in excess of 50,000 feet, Rocketv-prope;led regearch
 gircraft, such as the X-1 and X-2, are of decided interest “’I’he X-Z alrplane is to be capalble

of reaching an altitude of more than 200,000 feet, and has a duration of several minutes above
+ 70,000 feet. It is thus capable of long-range day photography with modified Cassegrain type
optics from extreme altitudes near the Soviet border, and could even make limited penetrations

of Soviet airspace at altitudes so high as to render interception virtually impossible. High-
allitude balloons on hordéx' flights could probably serve better than short-duration fccket alr~
craft as electromagnetic-intarcept relay stations, providing line-af-sight ranges reaching
hundreds of miles inside Soviet terfitory. - Such ve‘nclés operated on the friendly side of the
border would not raige the difticutt polxtxcal problcms attending the viclation of ansther pation's
airspace.
It is recommended that the USAF undertake an lmmech-
ate progran of feasibility trials intended to dévelop ex-
“izmting rocket aircraft as reconnaissance vehicles for
border flights and limited penetration. This could be
linked with the NACA research pmgram When elestro-
magnetic reiay eqnipmsm‘: iz available, haiiaan flights
should receive operational evaluation for this horder-

surveillance purpose*

® L oENTIAL




2. Post D-Day, 1852-1856
Should war come soon, the greatest unfilled need in the reconnaissance

field would be for a fighter-performance reconnajssance plane capable of pbtaining information
out to a radius of about 1000 miles.

[} an opportunity for an interim capabllity of this sort exists, we believe
that every effart should be made to exploit it,

Some of the F-84E or F-84G aircraft now attached to SAC as escort fighters
could be modified for photo-reconnaissance, with range extansion provided by the use of pylon
tanks and by refueling.

The RF -84 or RF-101 programs will provide a later and hetter capability
of this sort, and should be given high priority. It is recommended that these programs be
carried on with the BAC reconnaissance requirements in mind; specifically, this means the
attainment of an operating radius of 1000 miles, provision of a refueling capability, and the de-
sign of interchangeable nose installations for varicus groupings of data-collection equipment,

It also appears desirable to give these aircraft the capability of operakting as parasites.

For larger radii, or in cases where the bulk and weight of the reconnais-
sance ingtallation cannot he carried in a fighter type, especially in more lightly defended areas,
the RB-47 will provide adequate Eapability. The small difference between BB-47 and fighter
speed makes it seem preferable to use the RB-47, rather than a fighter parasite, when radii
longer than 1000 miles are wanted, except possibly when low-level reconnaissance over the
targel is required. In this latter case, the fighter's higher load factor, greater maneuver-
ability, smaller size, and lower vulnerability may justily the complications of parasite or re-
fueling operations. In those special cases where the problem is bulk and weight of payload,
rather than range, the fighter cannot be used, of course,

' & successful RB-42 unmanned reconnaissance alreraft will be useful after
D-Day as well as before, particularly for special migsions.

In discussing the needs and requirements for léng-range reconnaissance, we
have heen impressed with arguments supporting the view that the HB-47 can meet the maximum
velume and payload requirements of any properly designed reconnaigssance system, and that its
range is sufficient to cover the sssential target aress from peripheral bases or with refueling
techniques. However, we have not considered it part of our assignment to examine all aspects
of the current requirements for aircraft larger than the B-47. The only important consider-
ation we wish to advance is based on our study {in Chapter 4} of electromagnetic intercept
techniques, The recommernded development in intércept receivery can substantially reduce
the ournber of operators and the weight and volume of equipment required in electromagnetic
intercept operations.

2. Pre-D-Day, 1356-1960

In the future time period beyond 1936, the extent and character of Soviet
air defense capabilities can anly be guessed. It may or may not be possible for unmanned
reconnaissance vehicles such as SNARK to operate with success aver unfriendly territory prior
to D-Day. However, the performance of guch vehicles will also improve, and they may continue
to be useful. It is possible that the NAVAHO will become operational during the time periad of
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interest here.

It is therefore rm:amme:msed that the develggament g}mgmm
on the NAVA}'iQ vehmie incuuda & reconnaigsance version of
this aircraft. ’

It seems very likely that extreme!y high spced At extremeiy high a.ltxtude
will ccntinue to be effective protection over hostile territory. Such performame can, so far
as we know mow, be attained only by use of a rocket power plant. The presem racket program
displave a curious gap. There are under dwelogment ballistic rockets of rather short range -
about 150 miles. From these we jump to studies of ballistic rockets havmg intercontinental
ranges of 3000 miles, and even satellites. P:actlcai realization of these latter programs is
clearly many years off. o g ”

There seems to be a place in the program. £or a mc:ket»»pmpened mrcraft
with characteristics between those of the X-2 airplaiice and those of 1ong~»range ballistic rockets.
it against any foreseeable air« breath.mg mterceptars. while its power-an pgrrgzmance should
enable it to contend with rocket interceptors at least on even terms. This aircraft might have
alternate piloted and drone versiond, and would be ablé to penetrate enemy airspace at extreme
altitude or perform border oabservation at very~high altitude. The development and use of this
aircraft would appear to present fewer dxfficultias than would gttend the development of a bai~
listic rocket having the same capamhties, and the operational unhzy at the rocket aircraft

would seem -much grea).er.

Based on progress with the reconnaissance X-2 recom-.
mended for the 1952-1956 period, a design study should
be imtzated for a more adfvam:ed mcxet»pmga}}ed recon~
‘paissance aircraft,

In view of the very slow rn.te of progress with balhstxc rocket development )
development ~- uselul reconnaissance vehicles could be achleved by 1360 S.n,,lhe form either of
the intercontinenial ballistic ;ﬁ)cket or of the satellite. At the present time, we believe the
appropriate course is to continue the exiasting program of components studies on guch items as
a small self-contained pdwer plant; as results are achieved, their possible application to a k
future satellite development should be further examined.

4. Post D-Day, 1955 1960 '

As fighter Yypes continue o be developed the performance of the f;ghter-.
type reconnaissance plane ¢an be improved.

It is redommmended, in this connection,that all preliminary
design studies of fighters, other than'short*rmgé inter-
teptors, he accompanied by design studies of a reconnaissance
version of the airplane, as has been recently done for future

~ bomber types.
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The place of the RB-47 as a long-range reconnaissance airplane will presum-
ably be taken by one of the supersonic medium bombers now commencing development, either
the M3 1626 or the MX 1712. Recounaissance versions are under study for both these types.

Low-altitude reconnaissance over targets with strong local defenses is a
difficult and dangerous job, yet {t is often of vital importance in connection with bomb-damage
assessment, for example. A small, very fast, unmanned terminal missile with maximum
range of about 100 miles appears to be a very promising vehicle for penetrating local defenses
at low altitude to perform reconnaissance, The sensory equipment of such a missile will ordi-
narily be photoelectric in nature; #s indications must be transmitted back to the launching air-

plane for recording and use.

It is recommended that an existing missile type, such as

the SHRIKE, be chosen for this use, that a vigorous program

of development of sensing and relaving equipment be estab-
lished, and that actual trials of this technique be commenced

as soon as possible. When the technique is in hand, realistic

trials against heavy concenirations of antiaircraft defense

should be conducted in cooperation with either the Army or

the Navy.

In addition, a full reconnaissance version of this bomber should be planned
during the design phase, Whether it will ultirnately be produced will depend on program fac-
tors unforseeable at this time. It will be 2 question of whether the low-altitude bomber is
sufficiently advantageous when compared with the low-altitude capability in the RF type, in
the terminal missiles, and in high-altitude RB type to justify an additional model in the 8AC
reconnaigsance Inventory. The AF type and the high-altitude RB type will continue to be
necessary in this time period, for our experience indicates that many reconnaissance tasks
calling for area surveillance and search will still have to be done 3t high altitudes.
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CHAPTER 12
SPECIALIZED RECONNAISSANCE UNITS

A. INTRODUCTION

' The Air Force is a huge organization in which standardization is paramount.
Many items of equipment such as radios, radar sets, bombsights, cameras, navigation equip-
ment, gun cameras and the like must be employed in terms of thousands of units. It is obvious
that as many as possible of these items must be standardized, inexpensive, rugged, and suit-
able for mass production. Otherwise, the present strain on the nation's economy would be much
increased. '

By the same token, standardization and simplicity very often prevent the
fullest use of the nation's technical $kills on which our survival may well depend. Quality and
quantity are here in conflict. Are we to discard the high peak of technical achievement in order
to satisfy mass needs? Are we in danger of confining ourselves to the mediocre quality we sup-
pose our enemy to have in many respects? We know that our enemy has numerical superiority.
Are we losing out on quality as well?

. Even in gases where efforts have been made to supply the Air Force with
equipment of unusual proficiency, ¢an we be gsure that the équipment is properly used? In
World War II, P photographic mission was often rated merely by the fact that pictures were
taken, not by the quality of the pictures., "We have learned, however, thal training is fully as
important as equipment, and that complicated equipment requires special training on the part
of the users. ,

We can use the weapon systems approach in choosing the most suitable stand-
ard equipment for general use, which implies an over-all study of requirements, from the con-
ception of a mission through to completion, and the selection of optimum eéquipment for the job.
However, we can suppose that our enemy is equally intelligent and is alsg attemptling to produce
cﬁtimum equipment for his own mass use. Certainly. no one can doubt that the MIG-15 is a
valuable fighter for general use and that the U.S.5.R. is sending its pilots tg "school® in
Korea to achieve a better plane-pilot combination.

If we are to assert a qualitative superiority over the Soviets, it is essential
that we adopt the concept of Specialized Reconnaissance Units set up for extremely important,
even though relatively few, missions. Here we appear to be deviating from our belief that one
of the most important tasks of this Stidy Group is to make recommendations that will simplify
the problems ~n)af the Air Force. Here we seem to be pleading for retention of complicated
techniques as{d equipiment, and for a departure from standardization.

We believe that both ends can be served at once, in a thoroughly practical
way. On'the one hand, we seek {0 relieve the Air Force from burdening reconnalissance with
specialized tasks and equipment that go beyond the training and ability of its regular personnel.
On the other hand, we should like to gather specialized equipment, personnel and tasks together
into units where concentration will lend effectiveness.  We alsa fully expect that, when com-
petent men are assigned to these specialized units, they will quickly exploit the possibilities

of their eguipment.
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We ;ealize how complex is the organizational problem of setting up such units,
and how important it is not to disturb existing Commands. The members of this Study Group
are not qualified to decide such internal problems of the Alr Force, and In any case the matter
requires prolonged study.

) Consequently, the following comments on the position of specialized units
within the Air Force are to be regarded simply as a starting point for more serious study
carried out by the Air Force itself.

At the present time, owing to the static nature of the cold war, it has been
possibie for intelligence personnel charged with strategic target work to be assigned to the
Director of Intelligence in the Pentagon. Here, the intelligence information from numerous
sources comes to a focus, so target work can be done with maximum effectiveness.

After D-Day, the bulk of intelligence data will come from the operations of
the Strategic Adr Command. Consgequently, target analysis will be shifted from Headquarters
USAY to SAC. The need for fast action by combat forces will have increased to such an extent
that target work ecan no longer be accomplished efficiently at higher headquarters:

In'the case of the Tactical Air Cormmmand, some target work is done at Head-
quarters USAF, mainly for planning purposes. But even now, target folders are prepared and
kept in the theater.

During actual operations, the need for specialized reconnaissance will thus be
recognized first at the combat command headquarters. It will be negessary, then, for the SAC
Commander or the Theater Commander to have at his own disposal the facilities and personnel
to do this kind of work.  Specialized reconnaissance units must then operate from TAC or SAC
bases, use their facilities, et¢.. o such an extent that nothing will be gained by having the unils
under a separate command elsewhere. The concept of the "team” iz of the utmost importance,
Hence, we presume that specialized reconnaissance units would be established by the Air Force
as part of the team at any particular theater or command.

In World War II, a Director of Technical Services at each major headquarters
had a small staff of well-qualified scientific and engineering personnel. - This officer was
empowered to be in direct contact with research and development agencies without being re-
quired necessarily to elear through Headquarters USAF, and only to a minimum extent through
the Air Materiel Command,

The need for such 4 Director of Technical Services now seems greater than
before. This officer would be the logical person to control the technical aspects of the recon-
naissance units assigned to his command or headquarters. He would be in a position to demand
quick fixes from research and development agencies. He wonld see that all members of the
specialized units were technically qualified. It is extremely important that such an officer be
empowered to maintain as direct contact as possible with laboratories in the United States, and
that he be able to call specialists to his headquarters to advise on equipment and missions.

The actual operations of the specialized reconnaissance units would come under
an agency to be designated by the Commander at the base or headquarters,. In like manner, the
assignments of the unit would be determined by the same or another Air Force agency at com-~
mand level, which could establish apprépriate priorities for this type of mission.

® SeSe
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Most important of all, we can rightfully expect that in time the offst i .

personnel from regular reconnaissance outfits will be assigned to accomplish the specialized
work. In some cases, unusually good crews might be assigned to the units en masse. At the
higher-officer level, there should be men of excellent training and ability. ’_I‘bi‘xmht be
drawn from the best technological schools and allowed to take advantage of any educational op-
portunities that would further their work. We can expect that they would have access to the top
scientists and laboratories of the nation through their Director of Technical Services. We can
expect the units to maintain scientifie consultants from qualified institutions, on a quondam
basis, who at times should give formal series of lectures on selected subjects,

Gualified officers among the units should be assigned to the task of setting up
requirements, new procedures, new equipment, novel installations, etec. They should be aided
by selected technicians who would operate the specialized equipment and maintain it. This
equipment should cover the entire field of reconnaissance instruments, including radar, photog-
raphy, ECM, passive infrared and passive microwave surveillance, high-altitude peripheral
obliques, and the like. The personnel of the units could alse aid in special missions arising
outside their p:;rcicular headquarters. Thus, for example, if Headguarters USAF decided to
try out a new type of vertical rocket for high-altitude peripheral oblique photography and sent
engineers from the parent manufacturer out to 2 base {o set up the rocket, the personnel of the
specialized unit should cooperate fully. )

We anticipate that the new speciaiized units should have any and all equipment
deemed necessary for their missions within reasonable budgetary limitations. There will be
many times when standard equipment can be used to accomplish a special mission of eritical
importance. Similarly, some missions at the other end of the scale might require the procure- .
ment of a very specialized piece of equipment,

Safeguards must be instituted (perhaps by appropriate authority in the United
States) to ensure that these specialized units are not stranded at the ends of long lines of com-
munication. Similarly, means must be provided for communication among units, for often the
units can accomplish little if they are not fully aware of activities of similar units elsewhere.
The whole structure should be integrated through a central agency which can route guestions
and answers, information, new equipment, and even personnel to the various units. Close and
continuous cooperation will be recessary between this central agency and Headguarters USAF.

B. EXAMPLES OF SPECIALIZED EQUIPMENT AND MISSIONS
1. Photography

In Chapter 5, we recommend that the regular Air Force recornnaissance units
should not use lenses of focal length greater than 36 inches. This is not to say that larger
equipment should be prohibited altogether. Certainly, the regular units may have to undertake
special assignments from time to time, and may need to use large cameras. OQur only purpose
here is to prevent unnecessary quantity production of this large, expensive eguipment, and to
prevent misuse and poor yields by relatively untrained personnel.

We visualize that the new units envisioned for photography would have at their

disposal a limited number of cameras of all sizes and types, large and small. The unit should




_ . have adegquate space for requisite laboratory testing, ‘and for auxiliary equipment of all kinds
| that may be needed. ‘ '
Typical equipment for such specialized units might include the following.

40-inch £/5.0 telephato for 5 x 8 format with
automatic focusing and thermostating {can be
uaed in fighters),

48-inch £/6.3 telephota for 9x 18 format.

48-inch £/4.5 atraight lens for 18 x 18 format
{intended for night photography in infrared
tight}).

$8~inch {4 straight lens for 9x0 format
{apochromatic and intended for use with
color film).

b0-inch £/6.0 telephoto, faldeci, for 8x9 {can
be used in fightersj.

60-inch £/5.0 telephoto for 8x 18 format.

72-inch €/5.6 straight lens for 18 x 16 format.

84 -inch £/8.0 straight lens for 18x 36. /
100-inch £/10 straight lens for 9 x 18 format, folded.

144+inch £/8.0 straight lens for 18 ¥36 format,
falded.

240-inch /8.0 straight lens for 18x36 format.
folded, ° .

36-inch apachromatm lens for 919 !ormal
(color film}.

: ~ " 120-degree wide-angle spherical shell camera with
5.95-in¢h focal length with rectifier.

Spotting ¢ameras of various sizes and focal 1eng~!hsé

Panoramic cameras of various sizes and facal
lengths:

Strip cameras.

Special mapping came rad and mappmg mr;‘s.

Special-eameras requira special’ insha}.hlwng. The speci
be without image-motion: compensation exeept in the few‘c f‘ea where Eeﬁh.nlcal considerations
indicate the need is negligible. Th.ey should use antivibration mounts, center-of-gravity
mounts, gyroscopically stabilized m&m\ts. or whatever else id déemed necessary; at all stages,
they should know their equipment exhaustively.

If the units are to a.chxeve maxirnum effectweness. they should be able to m»-
fluence the development of all kinds of reconn@xssance vehicles and their equipment. In some

| units should not

cases, a single model eruipped experimentally can bring back essential information without
waiting for moderate or mass production.” For example, we are told the existing ¥-1 has been
on about 100 flights. It ought to be possible by now to make use of this airplane for reconnais-
sance for high-altifude peripheral obliques, even if it were echﬁpped unly with a 6-inch camera.
With a spotting cimera of 48-inch focal length, the X-1 would enable its pilat to obtain photo-
graphs far into eastern Germany without entering Soviet-controlled territory. The X-2 might
permit us to abtain peripheral obliques next year from altitudes of 45 miles {see Chapter 6}.
If we are to delay until such vehicles become operational, we may have to wait for five years
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or more. Meanwhile, one aircraft properly handled could accomplish a great deal. This could
properly be a function of the specialized reconnaissance units.
2. Other Reconnaissance Missions

We have discussed the manner in which specialized units might handle special-
ized tasks in photographic reconnaissance, Similar assignments might be made for unique mis-
sions or equipment in other fields of reconnaissance -~ radar, electromagnetic intercept, photo-
electric, infrared, etc. Specific references to such specialized tasks are indicated in the vari-
ous chapters dealing with these subjects. V

It should be kept strictly in mind that the primary mission of the specialized
recornaissance units is reconnalssance and not research and development. The latter is not to
be ruled out, but the burden of research and development can more properly be carried by
agencies established for those functions.

The size of the individua! specialized unit should be adjusted for maximum
return. There will be a natural growth in size as the units undertake more and more types of
missions. Quality of output iz the important consideration, and we believe that this quality
will be related directly to the training and ability of the personnel selected.

In this discussion, we repeat that, by setting up these specialized units, the
Air Force can simplify the problems of the regular reconnaissance wings. Even if the new
units fall short of the ideal, much will have been accomplished merely if the regular wings do
not have to be concerned with special devices and Installations.

Specialized reconnaissance units should be set up within the

Air Force in order to make the most effective use of

specialized equipment of all kinds - photographic, infrared,

radar, microwave, ECM, ferret, and the like. The units

will return a yield markedly above what can be accomplished

by the regular reconnaissance wings, in both quality and type

of information. “We can save the energies of the regular

reconnaissance wings for standard operations, without burden-
ing them with time-~consuming $pecial devices and missions,
We can thereby achieve a wiser division of labor and 3 more
efficient utilization of the nation's technical skills.
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CHAPTER 13 .
HANDLING AND E\' ALUATION OF INTELLIGENCE

A. HANDLING RECON“\IAISSANCE DATA

The problems in handling reconnaissarnce data are too well zmderstoad by the
Air Forece to require resiztement here. To the common problemsf of bulk, incomplete locational
information, insufficient coverage, and delays ‘in"pmcessmg and interpretation, there iz {for gll

types of reconnaissance material an adduional problem of recognizing unequivecally what is on
_the material collected.
Two other difficulties override the handling of reconnaissance materials. One

‘is the need for channels for transmission of {ntelligence on a basis that will suffice for the con-
templated post-D-Day load, so that the shock of the reerganiiatidn experience in Korés does not
prevail. This problem can be considered only with reference to the equally urgent needs of many
other agencies with comparable demands on commurications channels. We have no concrets pro-
poasl to make on this point except to suggest that certain compression techrﬁques pregently being
investigated should be regarded as 2 means for attacking this problem. Equally helpful tov would
be any and all efforts to reduce the volume of matevxal {rom the data reduction centers to g multi-
tuds of users.

 The second difficulty indicates a clearly defined zx‘eed for recognizing data re-
duction centers as entities separate from colleeting agencies and users. Wé,,i-ecegnize that some-
thing of thiz nature is present practice in thécme of SAC's reconnaisgance techpical squadrons
and we commend the extension of this palicy. bdllatian and evaluation functions sheould be sdded
to guch reduction centers wherever practical. It is our belief that the volume problem can then
be greatly improved ‘ay curtaihng the flow of raw data from deta reduction centers, carrying out
instead the major portion of the mterpretation function and much of the collation and evaluation
functions at these points, and severely restmc{mg the forwarding of m-xgmal material. We be~ -
leve that moat interpreted data should be sent as ‘intellizence information, by teletype, radio

and pubhshed reporis.

Our only conclugion with regard to the- handimg of reconnaissance data relatea
“ 10 Bn improvement in zorrelating navxgauonal and indexing data with observations in {light. No
reconnaissance mfarmatmn is of value unless and until it tan be {dentified accurately by time
and Iocation. For short-range tactical missions where SHORAN iz used for combat aircraft
navigation, it would be a simple matter to record the SHORAN roordinates on the various film
records {(as iz already being done by commercial oil companies in thetr aerial magnetic explora«
tions). Very little developmental work would be needed to adapt the recording of SHORAN data
for labeling of recomnaizsance material. For longer-range missions, future developments such
as LORAN and WHYN car be 3éapted irs much the same. way as SHORAN. Otber”dé/velopments
under way in the Air Force present continucusly to the navigator or pilot certain data such as
latitude and longitude of the vehicle. We believe that a study directed toward a light-weight
simple, reliable equipment for a continuously recording havigational log would lead to a device
that could be used for continuously imprinting locational and indexing data on reconnaissance
material. There ja no obstacle to the immediate design of labeling devices for recording




navigationdl and operational daia on all reccﬁnaissanéé information - visual and radar photo~
graphs, and radar map and EM intercept records. -The instruments call tmty for engineering
develapment. Considerable time and manpower now devotad to identiﬁcauon would be conserved,
the location would be eéertain on all collected information, and the timeliness for reconnaissance
information would be improved significantly. . ” :
The data reduction problems nﬁﬁﬁ@rﬁmg photographm and radar data are dis-
cussed elsewhere in this Report (see 5pecxfmal§y Chaypters 5, 6, 7, and 8}. One aspect of phioto-
interpretation is dxs:ussed in Chapter 14. .

We remmmend that data redwzﬁsm centers be established
asg sepxram entities, that every ’@ff'art be made io éesig&
devices for m-ﬂzg_m retarﬁiing of locational and ::sper&iia:xai

centere be curiailed, and that the forwardmg of ﬁrign‘aal :
material be restricted :

B. THE PROBLEM OF HANDLING INTELLIGENCE ] : "
One of the most difficult problems always encountered bty a modern air force
is the same old and classical problem of military intelligence - the ﬁttiﬁg together of fragmeﬁ»
tary informatian into an accurate appreciation of & military situation. Althgugh the collection .~
of information gets speeded up by modern technical contrivances, the reduction of fragmentary
information to intelligence is not susceptible to improvement ‘by hardware along. Thought and
ingenuily are essential ingredients. Nevertheless, certain aspects of the data«handlmg probiem
might be better solved with the aid of mechanical devices.

By fragmentary information we mean’mr Attache repar’cs.k'prisoner interroga~
tions, photo-interpretations and the like, all of which have 1o be sorted, collated, evaluated and
rediced to a fmiahed 1melligence report-on a certain specmc tapic. such ag, "What is the dxa-

" as fragmentary, becaise they too have to be aorted. eollated nnd reduced to mteulgence on
larger subjects, such as "What are Soviet intentions in Europe in 1952 2"

The asking and answering of such questions are activities in the Directorate
of Intelligence, and are descridbed in the "Missgions and Functions® of each unit. The subjects *
about which the units require information are described in & voluminous loose-leaf manuscript
which serves as a guide for the Documents and Dissemination {D & D) Branch. These require-
ments are not static, but change from time 1o time. The mere remembering i;f all the require~-
ments set forth is almost beyond the capabihties of any human bemg

Pour persons now cope with disseminating all incoming documems and two
others deal with WRINGER Reparts. -Distiribution is made on a “customier request” basisin ac~-
cordance with the "readers’ bible® {D & D Branch Screening Requirements for Reading Panel).
These customers are listed in the chart in Pig. 13-1 to show the extent of the distribution list.

The number of pages that must be reproduced and distributed by D& D has
grown enormously in the laat few years. At the present time, the incoming flow of documents
averages about 1000 per day In 1851, 200,000 documents were received and 1,300,000 dncuments
were dispatéhed - a total of 3,500,000 pages. The volume for. 1952 can'be expected to mcreagev
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In many cases the same report may go to 1D or more using agencies. This may
be ascribed to two causes:

(1) Since it is virtually impossible to memorize the thick volume with its
vast calalogue of requests, the reading panel may send out more docu-
ments than necessary in order to be on the safe side; ’

(2} Because there is an overlapping among the intelligence requirements
of the agencies, there is a duplication of requests for documents con~
tainirg raw intelligence.

We are not.in a pesition to discuss the problems of overlapping intelligence re~
quirements and the resultant bulk in the dissemination of raw information. We do, however,
propose to treat in some detail the following segments of the data-handling problem:

{1} Facilitating the timely flow of pertinent information and reducing the

flow of nongssential data.

(2} Simplifying the process of transforming raw information into finished
intelligence.

{3} Reducing the number of sheets that must now be reproduced and dis«
tributed daily per item of intelligence. ’

C. MECHANIZED INFORMATION HANDLING
1. What to Mechanize

There are two ways of petting intelligence. The first {(and probably the best)
is to decide what it iz we want to know, set up a team of experts, and send them out fo get it.

A typical example is the Alsos Migsion. There are, bowever, many questions that do not war-
rant such a specific effort, and here we might as well rely on the collection and collation of in-
dividual ftems. Many of the items are of very little intrinsic or ultimate value, but these,
nevertheless, should be recorded somewhere within the Air Force. It ig this type of informa-~
tion that we bave in mind in this section. Because of its large volume, it is highly desirable to
use mechanical means so far as possible in its disgemination and collation. If this is done effi.
ciently, there {8 no doubt that on occasion a real nugget of intelligence will be revealed by a

fragment in its proper context.
2. Program for the Alr Force
The data-hkandling problem of the Directorate of Intelligence differs ounly in
detail from the so-called "library problem” which plagues the afts and sciences, and madern
civilization in genersl; but in the Air Force the sitnation is becoming peculiarly acute. The
existen(;e of this over-all "library™ problem is widely recognized, numerous methods have been

proposed for solving it, ‘and a few mechanical aids have been assembled. None of these alone
is suitable for the Air Force, but we believe that a combination of several might turn out to be
very useful. The basic ideas we might combine are those represented by the following proce-

dures:

{1} Recording on microfilm;

{2} Ildemtification by Munderlining™ words, as in a newspaper morgue;

{2) Converting the leiters of the words o a representation {in dots
and blanks} by the same techniques used in Braille printing;
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{4) Storage of the key words in the form of minute dots on the photo-
graphic film; -
{5} Retrieval from storage by the techniques used in modern computing
machines;
(5} Duplication of the original by V-mail methods.
3. An Integrated System X
The incorporation of all these procedures into one integrated aystem is admit-

tedly a beld step, but the advantages could be tremendcus. We shall try to illustrate how such

an over-all sysiem might work.
D. USE OF MICROFILM
1. Advantages

For Alr Force reguirements, broadly speaking, the duplication, sorting and
handling of documents {(including charts and photographs where loss of very fine resaolution is not
important) can be mechanized by photographing on microfilm all incoming documents, in order
of accession. Microfilm is a tompact practical form of storage. It is rnore expensive (7€ a
sheet) than the present methods such as ozslid {4¢ a sheet), but this cost will be saved by the
complete mechanization of the subsenuent handling of the material. Ag a further advantage, all
incoming material can be microfilmed, regardless of whether or not it has been prepared by
U.5. personnel; this eliminates previous sorting on this basis.

With the information on microfilm, the actusl sorting {determined by means
deacribed in the pext section} can be done very efficiently by a technigque actually put into prace
tice in the well-known Rapid Sziector. In this rcachine, on signal, a framé on the original reel
is photographed onto a new reel by the triggering of an Edgerton flash lamp. Very high speeds
of 5000 pages per minute have been achieved.

If one is willing to read microfilm, duplication is alsc accomplished in this
sten. However, we strongly recommend that the user {(evaluztor or analyst] be not asked to
“study microfilm, but that he be presented duplicates of the original material in the form of
"blow ups " {rom the second microfilm reel - by the equipment used so successfully during the
war for duplicating V-mail. As we ghall gee later, the pag:es of V-mail will constitute a book-
let on a topic requested by the evaluator. containing all pertinent material on the original reel,
in a throw-away form. k '

2. Labeling of Microfilmed Information
The duplication of selected frames from the microfilm onto another reel, de-

scribed above, implies 3 selection process (singling out pertinent frames)and a collation process
{collecting on the several microfilms all material on the same topic). This can be done mechan-
ically by a progedure similar to that used in the Rapid Selector. Let us agsume that associated
with each frame there is a number of key descriptive words. How these are chogen is the sub-
ject of the next section. For the moment, we might visualize the procedure used in newspaper
morgues 0f underlining certain key words, or of writing them in the margin. It is negessary to
store these words, along with the photograph of the whole page, on the film in such a way that
they can be recognized mechanically {e.g., by photocells). The straightforward way to do this
is to convert the letters in the words to a suitable form, such as a series of dots and blanks

<o
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{technically known as & "binary notatlon”). For example, the letiers could be:
6-0000- ~ S

0-000-0

0-000~«

0---0-0

NaE e

Lower case could be:
a -G 000«
gte.
1 aou&ao;
2 000Q00-0
3 0o000Q- -
8 009000~
The &Qmpiete set of conventional symbols - mgns, and the” upper~ and lower-
cage alphabet - requires seven locations for Identification — technically known 88 a "bit". This
is the most efficient method of storage of m,farma.tmn _To distinguish ordinary printed Eetters,
we need diserimination in about 8 levels vertically and 7 harizamally - or 63 altogether ~ in
order for the letter to he ralat;veiy clear and not tea fuzsy {Good printed matter, however, iz
miuch better resolved than this, using up apace for a thousand "bits'«) “Thus the storage of lat-
ters as binary dots requires legs space than the prmted word. With the beﬁt emulawn now avaxl»—y

cubic yard of tilm. The: avemge word has five latters. and requires 35 locations Thus, there

‘is ample space to store severasl hundred words in a frame alongside the phatograph.

Key words (descriptors) are typed on a special typewrite¥, ‘such as-is used in
preparing documents in Braille, which canverts the letters to binary notation, which in turn
wauld be gtored photographzcally a3 black and white spms on the micmmm alungs ide the photc«
graph of the written material. ,

3. The Rapid Selector

The Rapid Selectoriga piece of equipment. desxgned by Dr. 5. Vanrevar Bush
and Ralph Shaw, and built by Engineermg Research Associates. The machine has been success-
ful, and a good deal of enginesring data bas Been accumulated. It easts $75,000, reads 5000
frames a minute and can accommodate & identifica.tion. codes. A number of impmv‘émems is in=
dicated, and the National Burean of Smndards is one of several agencies engaged in these tasks.

The Ramd Selectar has not had a revolutmnary effect op biblographic tech.
niques and {s not recommended ta the Alr Far‘ce in its present state. The main difficulty seems
to be the bottleneck of introducing the Ldennfigaﬁon code. The delay has nothing to do with the
technical features of the machine It can be entxrely aftributed to the archaic methods of index-

ing current in bibliography.
E.  IDENTIFICATION OF MICROFILMED I‘SFORMATIDN
L. Difficulties of lndexing‘ . ,
The storage of information on m.icromm. and Itg duplication ag V-mzul fs a
satisfactory technical solution to some phases af the library problem; but 5o far we have ‘
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completely ignored the central difficulty of identification by content so that selected topics may .
be retrieved.

Thig task in the past has been assumed by librariana, and they seem to have
had little success in solving the problem. It is generally conceded that classification schemes
(such as the Classification Decimale, or that of the Library of Congress, or any other library)
are of questionable value to the user. In the first place, they require universal knowledge on
the part of the classifier. In the Air Force scheme, this would require the most knowledgeable
personnel at the input where the volume is overwhelming.

It is by no means obvicus that documentary material needs to be filed, stored
or arranged in a systematic way or in a well~deflined sequence. It is impossible to place docu-
ments on all related subjects cloge together physically, because they exhibit a multidimensional
relationship to one ancther.

A user of information requires a cross-gut of documents that is unpredictable
and variable. The librarian’s code makes the information even further remote from the user,
who has to decode the classification scheme into his immediate wants. Basically, the difficulty
lies in the assumption on the librarian’s part that knowledge can be organized by a universal
classification scheme as plants and animals are arranged in the conventional biological families,
genera, Species, etc. In recent years, it has been recognized that the users of libraries do not
look at information that way.*®

An ultimate {deal would be to have every printed word read by a reading mach~
ine and mechanically converted to a form that could be stored in some manner, so that any word
could be rapidly located and extracted with its context. There is one objection to this: the con-
ventional key word describing an idea may not, in fact, appear in the text. This difficulty could .
be to a large extent resolved by search, not on gne word, but on whole groups of words.

2. Key Words

A practicable procedure is to put key words, which actually oceur in the docu-
ment or which describe the material, inte an automatic memory. As described above, we visu-
alize a device similar to the Rapid Selector in which each document is numbered and recorded
on microfilm. Associated with each frame, is one {or several) other frames which bear the key
words stored as a pattern of dots, susceptible to recognition by photocells. As mzany key wards
are recorded as is economically posszible. We have in mind about 25. This is essentially the
method used by newspaper "morgues® where cuttings are filed away with key words underlined
in red.

The latter system of underlining is excellent for manual retrieval, because
the eye and the mind of the searcher are very active in picking out the right kind of word and
making mental associations. On the other hand, for a mechanical method of retrieval, it would
probably turn out to be too broad in its coverage of words.

To summarize the discussion of indexing, we have on the one hand the classical

*A better example which is unlikely to turn out to be entirely satisfactory and yet will be fruit-
ful, is a mathematical one (specifically, Boolean algebra). This has at least one great advan-
tage, namely that the sorting and dissemination of information can he adapted to devices similar
to modern large-gcale automatic computing machines.

a
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approach of fftting ideag into a préconceived fixed "biological™ seheme. This requires thinking
by the indexer, and for this reason alone becomies a bottleneck. It also implies that the user
thinks in terms of the same scheme, which is rerely true. On the other hand, we have the
"morgue® scheme of merely underiining key words. This requireg little thinking by the indexer,
and in fact could be done mechanically by s reading machine if enough technical effort wefé\\\;ie»
voted to such a project. The objection to this methad. when retrieval is atternpted by mechanical
means, ie that the searcher has to do a lot of thinking in order to write down all possible gram-
matical forma in which the idea he iz searching for might appear. '
3. Coordinate Indexing T .
We guggest a compromise indexing acheme. of "ecordinate mdexmgg ™ which

would geern to be adaptable to machine methods and {o require a minimum of thinking on the part
of the indexer or retriever, It does not reguire a code book. Wa believe it avoids the major
obstacle in the use of the Rapld-Selector type of machine. by at’:celeratmg the indexing of the
frames. This method was developed by the Infarmation Division of AEC and has been used by
them, and by the Naval Section of the Libfary of Congress A factor of & has been achieved
over pregent methods of clagsifying documents; amd ratea up to 2000 documents per pérson per
day have been reached. N

The principal feature of c@ordina.te indexing is that it recognizes tnat it is im-

practicable to dllow ™anderlining” of any kind of word, and that some discipline must be imposed o

by insisting that the key descripti’vé words must belong only to certain definite categories. - The
choice of categoriag ia determined by the particular body of information that'is to be indexed.
For example, if we had the pmblem of getting a gensral pxcture of the scientific activities in

the Soviet Union from reading Russmn NewspapeErs, we could Iaok for words in two categories.
One would be proper names {(especially of men 'with gclentific reputatior:s) and the other would
be mites, including inatitutes, universities, 'huiitary bases, ete. This is because the informa-
tion we want is ‘basically the krowledge thata certain man with known interests and capabﬂities
is at {or has left) a certain laboratory. The interconnection of these fragments would build up

a very revealing picturs of Sovist sélentific intentions. By plcking aut newspaper items contain-
ing one or more words belonging to one category simultaneously with one of more words belong-
ing to the second category, we could qmck.ly collect the pertinent material.

The principle of Iauelmg material with words belonging to predetermined cate~
gories appropriate to the kind of intelligence required is more flexible and eagier to apply than
a rigid bibliographic index. It is much simpler than underlimng from the poifit of view of the
searcher who now knows he must restrict his inguiries to thes pat“hcular vategories. Other-
wise, within each category the astual words are unlimited — new ones may be added and old ones.
dropped as interests change, In the original method as developed by M. Taube, the words were,
limited to a given generic level of braadness. ‘F‘aéméxample. we might have the catégory "air-
craft™ in which one includes, "MIG-18, " "TU-4, " but not. the more genenc term "vehicles. "

With the propesed mechamzation of the procedure, it now seems ‘that this restriction can be re-~

moved.

4. The ‘Baslc Word List
" The catagories of the word lmt should be setup in accordanee with the
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priorities established by the users. but should be equally adapted ic the capabilities of the col- .
lectors and the working procedures of the reducers. How do we choose the categories? To
answer this, we must answer the question: What information does Intelligence want? It does
not want to know everything about everything, as one might surmise from reading the official
requests from D&D. Inlarge part, intelligence is knowledge about Things at Places, such as
"MICs at Key West,"” and Activities, such as "Tanks Produced at Omsk.”

To some extent, the nature of the categories depends on the capacity of the
machine that must handle the stored information. If the scheme we are proposing starts off
with manual methods, the categories must remain about on the level indicated. With the intro-
duction of mechanical devices, more categories or more detailed categories can be introduced.
(For instance, places might be restricted to towns or districts at first; later factory names
could be used), In any case, the sysiem is flexible and can grow. There need no longer be
confusion over problems of indexing, such as:

Tanks, production of, at Omsk; or

Omsk, tanks, production of, ete.

The list of categuries is not an index. For mechanical sorting, the words do not even have to
be arranged in alphabetical order. Synonyms can be used. Both generic and simple words can
be uged, i.e., ™weapons,® or ™anks,® "sél{-propelled guns,” ete. Abbreviations. which are
often a problem, are being investigated by Project TACIT. Double words (Key West) and names
(Stalin, J. and Stalin, Joseph) also offer minor problems.

5. Will It Work?

First, let us see whether the collector's activities can be defined in terms of
Things, Places, and Activities. Clearly, the major interest, Milité.ry Data, can be listed for .

the most part as Things. For example, in the general category of Basic Weapons (combat ve~
hicles, munitions, weapons, fire control, ete.) the words would be "aircraft,” "TU-4,” *am-
munition,” "machine guns," "telemeteririg equipment,® etc. For Basic Force (¢ombat units,
transportation units, support units), we would have "roops,” "generals,"” Mroop carriers,”
"repair depots,” etc. In the category of Personnel, names with rank can be considered as
Things.

In connection with Military Installations, there are concepts such as “"concen-
trations,” (in the sense of an observed fact rather than a deduction from the assembly of {rag~
ments concerning several Things at the same Place). Until the system has been studied in de-
tail, "concentrate” can be included under Activity. Anocther difficultconcept is "communications”
which tentatively might be a Thing, with words such as "road network,” "telephone network.®

Geophysical, terrain, weather, and hydregraphic data are mostly handled by
special projects, and incidental information falls into the scheme fairly well.

The next guestion is: Can the users of intelligence define what they want in
these terms? By and large, they probably can. Actually, however, they are not primarily
concerned with the scheme in itg detail, since they are isolated from the collectors and sorters
by analysts or evalualors. These are the ones who have to ask the sorter in language uged by
the collector for information in which they are interested. For example, the analyst responsible
for Soviet developments of long-range missiles would include in his list Mitanium at the Lenin
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Institute,” for he knows that titaniurm is a key material, and that this Tnstitute has the r‘esponéh
bility of regearch in the fleld of rocket motors. - : '
6. Immediate and Progressive Iastallation
Such a scheme a5 this does not have to be iatroduced all at once. It eould
easily be started, and later gmoothly e.laborated; by ‘associating with each document a gelectian

of words covering the major ecategories of intelligence. 3ixty per cent of the documents pre~
pared by Air Force personnel could be so described (or classified in the"genetal sense} by the
author. The remaining forty per cent would have to be read b}f & pane! which would mark the
principal words occurring (provided they lie in t,hé‘ approved list) or deseribe the thought'in
termsg of the approved words. This would require reading which is slow, and which calls for an
intelligent panel, but speeds higher than any other known methadféanﬂbe guaranteed. It has the
advantage that the volume of stm'ed material is reduced.

Note that we are not prnpcsmg a cade bfmk The categories are prescribed,
but the words in each category are determined by use, so that nothing 1s coded or forced into
the scheme. The basic catggories with lists of word examples ean be sent to collectors, data
reducers and users. These actual and virtual words become, indeed, the only means of com~
munication between thege three slements in the chain of intelligence. More specifically, the
language now used, which is vague, rednndant ,full of double mieanings and semantic difficulties,
can be replaced by a list of words belonging to agreed-upon categories. The situation is ot
quite like Basic English — for only a few categories are permitted - but words can be added ar
removad at will (but with caution) by collectors, reducers or users as the scene changes.

An attractive feature of this scheme is that it can be introduged now without -
waiting for mechanized devices. The scheme can be adapted and expanded for machine handling
witbout any confusion. - Furthermore, the achame eould he’ ftied out ina limited field, -such as
Air Order of Battle, or Targets

7. Rate of Search
} Careful attention will have to be paid to the ability of the machine 1o answer a

sufficient number of questions per da)m ‘A3 a bade line, let 'us see what could be done with squip~
ment now in existence. The present year's take of fragméntafjf’ information:is roughly a quarter
of a million pages. ‘This could be photographed on three rolls of mi,cmﬁlmi.- The Rapid Selector
can examine a roll in |5 minutes. Thus we have a basic rate of 45 minutes a question or ten
thousand guestions a year. By "gueation™ inthig context we mean & large nurnbér of logical con-
nectives, consigting of most of the key ideas of'a single analyst, as will'bé digcussed in'the
next section. If we could aazaume perfect mutuany exclugive questioning, -this would be about
the right rate. Averaging 25 pa.ges per question, it works out to 100 pages presented o an ana-
lyst per hour of working day, which iz a reasonsble rate-of reading. “At the prasent time, the
number of different questions asked is probably much lega thim this. Hnwever, some questions
{such as those connected with Air Order of Battle) need?,tg,be asked many times, "~ say, once a
week. - We may conclude that one machine could disseminate the present flow of information.

. It is to be hoped that the gollection of information will increase substantially,
by a factor of, say, 10.-If the machine is successful. and if users become properly acqusinted .
with it poss;bilines, there nﬂght be a demand for the inclusion of other types of written material,




such as foreign newspapers, magazines and scientific journals. Thus there is unguestionably a .
requirement for a considerable increase in speed over the rate based on present performance.

The limit of speed in the Rapid Selector is image motion during the duplication
into a new film. Although an increase in speed in the present equipment would smudge the let-
ters on the final prints the problem is not insoluble. ({The National Bureau of Standards ig devel-
oping one means.} A speed increase of 10 can be expected.

There is still another way of increasing the speed, namely, by making coarse
sorts of the raw data, for example, into "U.8.5.R. and Others,” *Technical and Non-Technical,”
in a fashion similar to the present assignment of priorities 1, 2, 3, or 4 by D&D. This rough
sort could be done before microfilming, or it could be done by making new reels after the first
photography. The rough sorting of raw data must, however, be conducted with great care, other-
wise it could destroy one of the principal features of the machine method ~ the guarantee that a
question will be answersd by data of all kinds from all sources.

A simple feedback system could be set up so that the analysts could report on
each document they receive, noting whether it should be kept for future reference, or whether
its timeliness has passed and the document should be put in a dead file. A& simple report on
frame number (to be retained or not) to be filed in a specific category, could be wmade by the
analyst. All such reports would be used once a year in a run-off of the main film, in order to
make a new one in which material of obviously passing interest is removed.

Similarly, a report could be rendered assigning some documents to specific
categories when it is obvious that they would have no possible bearing on other fields. Again,
such documents could be removed from the main film anc; copied on a new one,

No doubt other ideas will turn up for re-editing the main film at the end of a .
year, so that the amount of outdated material to be searched can be reducad considerably in
volume.

To summarize, we can expect one machine to handle Air Force requirements
until the volume of material collected is considerably larger than at present; at such time, the
increased volume can be handled by improved components, experience in the necessary flow of
information, or at worst by the construction of several machines.

8. Structure of the Question

Besgides offering a framework by which the collector abstracts and describes
his information, the basic word list is a device for matching the analyst to the store of informa
tion, by guiding him in the way he asks questions of the disseminating machines.

By "question™ we mean essentially the definition of the mission of an analyst
or possibly of a whole division, in terms of the rudimentary language. As an example, an ana-
lyst in charge of important people has many simple questions, such as those about Marshall
Stalin; any information about him is useful. A more specific gquestion might concern "Fighters
at Murmansk.” This would include several similar questions such as "MIG-15s at Murmansk,”
or "Jets at Murmansk,"” with similar questions about other Places. One could give examples of
negative requirements, such ag TU-4s pot at forward bases. The point of this is that all such
elementary questions, which are essentially logical connectivities, can be asked of the machine
simultaneously. The reason for this could be expanded at length, but briefly it is because the
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logical combination "at™, "not at", "and", "er" can be represented by very elementary switch-
ing circuits so characteristic of modern computing machines. Thus the demands of a single
analyst could be stated by a large number of such elementary questions, most of which could he
searched for simultaneously.

F. DATA REDUCERS OR EVALUATORS

At the present time, there seems to be a great confusion concerning who gets
various kinds of information. The setting-up of a set of categories might lead to a clarification
of the role of Directorate of Intelligence and other Air Force agencies.” It might reveal a con-
siderable amount of duplication that could be eliminated.

A tentative list of subjects to be treated by data reducers or analysts can be
set up on the basis of Things about which they ask. Ideally, each major subject should be the
responsibility of one man, the best available. "Raw"” information should be sent to his personal
screener. The analyst then digests selected material and produces reports to be sent to appro-
priate users. On the basis of the approach of Chapter 3, specialists might be assigned to the
following topics.

Air Order of Battle
Basic Air Combat Vehicles
Air Combat Vehicle Equipments
Soviet Defense Systems
Soviet Offensive Systems
Strategic Tf.rgets
Industrial Potential
Military Potentiat
Control and Communications Equipment
Fundamental Science
Geodesy
12, Cartography

As guggested by ATiC, it would be desirable to expand the ranks of analysts
by having scientific and other types of personnel available, possibly on a spot-contract basis.
For example, periodically ATIC puts cut a report on Soviet developments in infrared detection.
The raw data could be evaluated by an expert in this field, who would soon educate himself to
prepare a list of key words describing datz needed for his evaluation. It would presumably be
much gasier to place such contracts if the "leg work” were eliminated by supplying the con-
tractor with the information in readable form as outlined above.

These analysts must be made to give a list of the things they want to know in
order to supply users of intelligence with what they ought to know. ‘Once the systemn gets es~
tablished, certain words would become standard and be automaticaily searched for.

The basic ward list, ag a rudimentary language describing essential elements
of intelligence, can form an intellectual framework for an over-all picture of intelligence,
combining and defining the needs and duties of collectors, analysts and users.

G. DOCUMENTS AND DISSEMINATION LIBRARY
If the procedure outlined above were instituted, there would be little need for
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& library for research work. The D&D branch may, of course, wish to retain the more valu- .
able documents for examination of detail {e.g., color pholography} lest in microfilming. But
requests for information should be directed to the microfilm storage; and the answer, by rapid
selection and quick duplication onto paper, should be given to the requester, with no demand
for its return.

The material retained by D&D can be filed in its library by the category tist
rather than by a universal cataloguing svstem. Most of this Ubrary material is of a nature
such that it would be very economical to reproduce it onto microcards. These cards would be
rmade from the original microfilm. They can carry reduced photographs of 60 pages, which as
it happens is ample for most of the items we have seen on the shelves of the D&D library. The
Air Force could well afford to develop a first-class microcard reader, with a view toward the
needs of Air Force analysts, z:ather than toward the campetitive price structure of general ap-
plcation. The saving in space obtained by the use of microcards (a factor of 100 over docu-
ments) would be valuable, particularly in the Pentagon. Library persomnnel, now used in cross-
indexing, could be diverted to more useful activities by the introduction of categories instead
of cataloguing.

Such a systemalic approach in D&D would permit cheap and quick duplication
{on microcards} of pertinent material to be sent to libraries of the Intelligence Division of the
various commands and reduction centers of lower echelons.

We should also point out that by having the primary information on microfilm,
accessible to the analyst, who receives a throw-away V-mail compilation satisfying his own re-
quests, we can solve tha present problem caused by analysts who secrete original material in .
private libraries in their desk drawers. The point is that the fundamental storage of informa-
tion i3 on microfilm, so that when a new quest on arises all previous history is searched
mechanically. The library as such is merely an adjunct. We should also point oul that micro-
films can be easily reproduced, in whole or in part, so that each Command could have its own
reels of Information and its own searching machine.

H. INTELLIGENCE REPORTS

Finished reports could be handled in the same basic manner. It might not be
necessary at first to microfilm reports, but each report should be "abstracted, " not in the con-
ventional, wordy sense, but by a list of key words belonging to suitable categories, such as the
three mentioned above. Retrieval and dissemination could be carried out by the same techniques
as those applied to fragmeatary information. It i3 possible that only parts of reports would need
to be selected (mechanically), thereby reducing the volume presented to the evaluator,

I. MISCELLANEOUS REMARKS

The problem of disseminating and collating information for Air Force Intel-
ligence is not altogether new, for, as has been remarked, it is very similar to the difficulties
of distributing and collecting scientific and other written material. The proposed solution has
not been made ad hoe for the Directorate of Intelligence, but is the result of serious work in re-
lated fields during the past few years. Essentially, what we recommend is the combination of
two ideas, neither of which alone has yet solved the library problem, namely:
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{1} The highws peed mechanical facilities of duplication, sorting and
collation offered by the Rapid-Selector type of machine.

{2} The revclutionary concept of "Coordinate Indexing™ which attempts
to classify knowledge by a logical combination of ideas belonging to
definite categories suftable to the field, which requires a minimum
of thinking by the indexer or the retriever.

In the presentation of this proposal we have been aware of other possibilities,
such as the one involving punched card machines (in particular the new IBM selector based on
Dyson's ideas in chemistry), Sorting Rapid Selectors developed by CIA, and other developments
by Engineering Research Assoclates. We have also considered indexing schemes of J. W. Perry
and of Zatacoding.

We canaot guarastee our proposal, for noethod of handling information has
vet worked perfectly. But something must be done, and the combination of mechanical handling
and coordinate indexing offers promising possibilities.
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CHAFTER 14

CAREERS IN INTELLIGENCE

A. THE PROBLEM

Why is it customary to think of a *Career in Operations”® am:} ‘a *Careerin In-
telligence” as differing in opportunities? -Ideally, operations and intelligence sheuld be mutually
complementary. The best-trained combat crew might be able {0 navigate accurately to an as-
signed target and bomb an assigned aiming poiAt with a negligible CEP; but whether or not they
evade beavily defended areas en route and aveid ambush by enemy fighters depends on accurate
information before take-off. The success of the mission hinges upon other {acmrs also, such as
ground maintenance and crew campe!ence. but the cmxtributmn of intelligence can hald attrition
to a minimum and establish the proper priorities of targets: The gmdmg concept should be that
of an operations-intelligence team effort with equal epportunities to' serve and to be rewarded,
otherwise an air force becomes all mdscles and no mind,

It may be worth while to analyze how successful operations are achieved in
order to apply to intelligencéfthe lessons learned. The Air Force has recognized from the out-
set that, in order to ﬂy aireraft, it must: {1} define the specific jobs to be done by rated indi- k
viduals: (2) select personnel according to recjuisite aptitudes; {3} train this persoanel ic aecom-
plish specialized tasks: and {4) maintain proficiency by periodic checks. Thisis a process that

the Air Force has learned to do well ~ for operations. The program undergoes eontinuous seru- :

tiny and review. When pew ajrcraft ornew alrborne equipment is programed, training programs
are initiated so that, when the au’craft and the eqmpment are received by operaticnal comimands,
the trained personnel are on the air bases. Im & word, nothing is left to chance. The required
skill of the B-47 pilot and the "three-headed monster” (navigator, bombardier and radar opera~
tor} on his erew are the specwlu.ed product of personnel selection and intensive training.

The means employed to insure the competence of rated pergonnel offers a
good guide for treatment of ground personnel, including these in inte]ligehce. The selection.
and training of maintenance personnel obvicusly have a direct bearing on the success of all mis-.
sions by holding "aberts® to a mmimum, The extension of these p*ocedursa o intelligence
would significantly increase the caliber of the intel_.\gence effort, and smmltaneausly improve

the effectiveness of operations.

The selection and training process has been apmhed in certain specialities; but
it has not been applied to an adequate depree for personnel in the collee ting and evaluating func-
_ tions. This {s readily understandable.” The vast and complicated demands upon intelligence
have come about only within the last few years. OVerr,ug'lt. relatively speaking, “there have sud-~
denly arisén requiremients ta vollect and evaluate information on a global scale concermng a ‘; '
potential enemy who renders practically impossible the pre~war techniques of data collection. k

B. RECOMMENDATIONS

P 1. Selection and Training for Speclahzed ‘I’asks

Air intelligence has ‘a\c‘k\;ieved a major role only since the beginning of World
War J1.  The sudden growth of the Army Air Corps alter Pearl Harbor resulted in assignment
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of rated personnel to operations, whereas 'intelligencer personnel were 're‘.’f’uized almost enﬂrély
from eivilian ranks. Since the function of intelligence was new, there. were no established eris
teria for selection ar traming cﬁmgaram& to those of gperations.” As Pxperle:me was gained
with time, officers with special aptitudes were assigned to jobs for which their civilian back- k
ground and trzining were most usefyl. By the end of the war, the placement of round pegs in

round holes began {o preduce improved periorma.nce Since the end of the war, intelligence has
attracted a few officers with combat experience plus speclahzed aptitudes and skills pertinent
to intelligence; but in time of war it is not improbable that even these may be asszgned back to
operations, thus creating a void to be filled (as in World War I} by earnest but untrained civil-
ians. It is important, therefore. to determine, while there iz still ﬁmek whz:t analytical quali-
ties and other mental traitg areé reqmred for specialized intelligence tasks, Where officers now
do an ocutstanding job, the reasons for their performance should be analyzed and recarded sa
that their competence may he replaced,x ratation remaoves them.

The first step,mdicatéri i8 to recognize that there ﬁra g‘peci’aﬁzed intelligence
jobs, to compile a list of these, and to select pergonnel who have the necéssary aptitudes. Such
a list of gpecialized intelligence tasks would include (in addition to photo - interpretation which is
discussed subsequentiy) mllectmg, callating, evaluating, interrogating, and dzstribunng In-
the collecting category there alrgady are detailed instructions for air attaches. and for these a
short instruction course is given, 'This is a good beginning; but since the Air Force cannot
toierate romplacency, it rmust alm at improvement with tisse. ‘Other categories must be treated
in the same manner - deciding what fobl has to be done, Ho\i{;t”c,an best be aceomplished by the
minimum expenditure of manpowegr, and how bést tb select tﬂe most kpromism'g personnel, It
must be admitted that in many iﬁéﬁaﬂmes intelligence jobs have had a ‘siightly nebulous quality.
varying from one ¢ommand to arxothe Often, newly assigned personnel have been without pre-
vious experience and have had 1o learn by on-the-job training. As a result, their capabilities
vary according to their own zeal orto the infectious enthusiasm of their superior. However, a
thorough apalysis and definition of tasks, - ami the selectmg and training of persomne!l to pérform
them, should contmbute immeasurably to mare efficient mte.ligence perfarmam:a

The funictions: of intelligence should be arxalyzed mto the com-~
‘ponent tasks thal require smec:-al skills and ap’mudes Perseﬁ»’
nel should thed be selected and %:ramed ori this bagis., The )
mating of speﬁmhzacl raqmremema with specialized persm:&eﬁ
iis 8 prerequiaife to a satzsfautory irxtellzgence prozmct.

2. Criteria to Measure memienC) / ’
Once the tasks have been defined, and the proper personnel selected and -

trained, there is need fora contmumg check on individual proficiency on the job. The analogy

to operations is again useful in approachmg this problem. The pilot, for example, miust pass
periodic physical examinations, night flight tests and instrument checks; & minitnum Aumber of
flying hours 1s required; hig proficiency is under consﬁtant serutiny. The same holds for every

combat crew member.
Effxcxency rm.ords are mamtamed far mtellxgence oftic:ers it 15 true, but
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there are no periodic tests comparable to a pilet’s instrument check. Why not set up parallel
checks to evaluate the performance of an officer in his intelligence specialty? = If this were done,
it should be possible to detect failure to maintain proficiency, so0 that responsibility is not
vested where it endangers national security, We realize that procedures for assessing the capa-
bility of an intelligence officer In kis specialty do not come ready-made. They have to be de~
vised by appropriate gcientific methods. If such procedures were developed and applied, it
would very shortly be realized that intelligence, like operations, expects net only a minimum
of competence, but a continuous improvement in performance.

The various means used in industry might be studied and modified in devising
a measuring stick for intelligence jobs. As an example, a news reporter ¢n any first-class
paper knows that each day he must come hack with his shield or upon it. His paper cannot
afford to be "sceaped® or sued for libel, In some industrial companies, sapervisory and execu-
tive perscnnel are given periodic tests. The business world rezlizes that complacency is the
forerunner of bankruptey, and uses competilive means to insure al‘elx‘tness and to stirmulate
individual proficiency. Initiative is encoursged and rewarded. Air Force {ntelligence would
benefit by application of thege principles.

Criteria should be established for the varicus intelligence

tagks in order to measure individual proficiency and improve-

ment with time.

Perhaps never before in our history has national survival been so largely
dependent on a relatively small number of persons charged with collecting vital information
and accurately evaluating it. Their capabilities cannaot be left to chance. Because of the im-
portance of their task, we must insist upon the highest degree of competence. We cannat
afford to neglect this area.

Prier to D-Day, we must rely primarily on collectors and evaluators to in«
sure early warning and to prevent technological surprise: on them we must place much of the
responsibility for national gurvival. There is thus a challenge to our ability to select and
train the most suitable individuals. Better to have relatively few individuals ~ the best in the
country - whose judgmernt we can rely upon, than a host of persons well-intentioned but lacking in
aptitudes and training for their specialized jobs. Again, there ig a civilian analogy: one top-noich
detective and one equaily good laboratory technician often sclve a problem that baffles a thousarnd
well-meaning but technically untrained policemen. It is the degree of compentence that counts.

The Alr Force has been quick to utillze civilian lechniques and scientific ap-
proaches in many of its equipment and management problems. It is highly likely that additional
benefits can be derived by studying and adapting civilian techriques from other fields of endea-
vor. The fitting together of fragments of information, in order to ascertain what the jig-saw
puzzle looks like, might yield to the methods employed by the police or by scientific Iaborato-
ries in working fram the known to the unknown. This is not meant to Imply that the Air Force
is nOt cognizant of such techniques, but to suggest that valuable advice might be solicited from
the F.B.l. and other organizations.

Both journalism and intelligence encounter fairly similar problems in the
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enllecting of information and the interpretation and evaluation of it under great pressare. Top-
. flight newspapers, like The New York Tlmes, get an en\nable standard in-the field of international
affairs by their aecuracy and speed of transmission. The experience of Toreign correaspondents
of The New York Times in Moscow and Bonn, in addition o that'of its local specialists on the
U.3.5.R., would be invaluable in any intelligence organization. ‘An analysis of the selection.
aptitudes and trammg of these people might well be a serviceabie guide for our own methods of

collection and evaluaimna

To sum up, operations does an excellem 3oé3 of ﬁymg axrplanes under all man-
ner of adverse conditions because nmhmg 15 left ta chance so far as it ig humadly possible; for
the sake of the safety of the pijot and his crew = 1o say nothing of the cost of the airplane and its
value as a weapon - specialists are rigidly trained. No other colrse i3 possibie. In Air Force
imtelligence, the same palicy is essential the very existence of the- nation may depend upon spe-
cmhzed training of ita !ntelhgence personnel. :

Training of imellxggnce speciahats is necessary if they are
to be aqual to the crucial nau.u-e of their respongibilities.

3. Incentives and Rewards in Intelligence :

During World War II, the Army Air Corps maedea its rated persmmal for
combat duty, and ag a result intelligence ofﬂcers were recruited hfqm eivilian ranks. In many
cases, therefore, the vast majority of intelligence off’icerswhad no flying experience. 1t was
not unusual for operations to be considered the most important part of the Alr Force, with intel-
ligeace a not-too<necessary adjunct. Because few intelligence officers :wé\re genuinely interegted

. in obtaining first-hand experience, the hazards and probleﬁé of cémbat flving, vperations and
intelligence were separately compasrtmented at many headquarters and operational bases. Rated
officers with vision are to be hlg?‘ly commended for changing this attitude. But the responsi-
bility for mueh that remains o he dcme rests with the Individual intelligence officers.

The smgle~tem ccncept of operations and intelligence ~ each mutually com-
plementary to the ather ~ will come about only thmugh a better understanding of the interrela-
tion of jobs. It would be highly desirable If every intelligence officer had enough experience in
combat-type aircraft to understand the dxfﬂculhea of the crew member - ‘fatigue, cold, lack of
space, poor cockpxt illumination, graduval decrease of effic;ency on lsng m{sswne and a host of
other problems that must be experienced to be'appreciated. This would Iead to a batter under-
standing of the end use of combat intelligence and target materials.  Since there is no substitute
far experience in actual flight operations, there should be a carefully conceived program that
would stimulate intelligence efficers to obtain at least short-duration. temporary duty with com-
Lat units in order to participé\te in profile missions. Fortunately, at the present time there are at
all levels of intelligence many officers~m§i€h combat experience, so that in ,ccmb;uj and recon-
paissance wings the briefings {geneval and specific) are conducted by personnel with an inti-
roate understanding of in-flight problems. This mcreases the confidence of combat crews, con-

fidanice that was often lacking during World War:IL ‘A a conseguence, intellf Hgence Is beginning
to enjoy a status approaching that of operatmns Only when there is a working partnersh{p will

the demarcation between intelligence and operatmns cease to exist.
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When intelligence defines more precisely the jobs to be daone, selects the best-

. qualified individuals ta perform them:, trains them thorgughly, establishes criteria to measure

proficiency, and eliminates the incompetents - only then will its officers command the same
respect and recognition now rightly accorded those in operations. The sights must be set high

if, as we believe, inteliigence i{s lo play a major rele in national survival. For those who mea-
sure up to these high standards, rewarding careers should be open. To the most qualified citi-
zens who apply, we should be able to say, "The Air Force offers attractive careers in operatliens,
and equal opportunities in intelligence. If you have the zeal and the aptitude, and the persistence
to undertake rigorous training, you can embark on a career that has no peer. We will not accept
every applicant. We will insist on competence, and will disdain mediocrity. We have a single-
team concept. Bhow your worth and your mettle, and you, as an intelligence officer, will

achieve stature and status as high as any in the Air Force.

Carsers in intelligence should have incentives and rewards

comparable with those in operations.

C. PHOTO-INTERPRETERS
The foregoing principles apply to all segments of the intelligence function, but
they have a particular bearing on the specialty known as photo-interpretation. Not that this is
the most important function in intelligence - far from it - but it is an essential function, and one
that might assume the aspects of a bottleneck if, at the outset of hostilities, hundreds of air-
planes suddenly bring back mure thousands of new phatographs taken over enemy territory. The
best photograph is useless unless interpreted; and, although anyone can look at a picture, the
capacity to see what is of military significance derives from a combination of native ability and :
thorough training. : .
We believe, therefore, that the Air Force ghould take steps to insure a supply
of competent, enthusiastic photo-interpreters adequate to meet the peak demands of a major
war. Among the steps that might be taken we may list the following.
1. Work to improve the competence, morale and status of the photo-interpreter;.
The present group of photo-interpreters constitutes the nucleus around which the specialty must
be built. The most competent persons within this nucleus should be rewarded with status and

other career incentives commensurate with the crucial nature of their jobs. There should be
mare of the moerale-boosting type of feedback that eomes from a photo-interpreter’s knowing
that the results of his work have been put to successiul use,

2. Werk to improve the basic knowledpe and the working tools available to the phota-
interpreter:- Like any technical speclalty, photo-interpretation is ripe for improvement through
the use of new inventions and new ideas. What helps pholography usually belps the photo-inter-
preter, but some of his needs extend beyond the mere provision of beiter photographs. He needs

what are called "keys" - better anes in fact. He needs the benefits of experiments with differ-

ent viewing conditions = transparencles versus prints, for example, and with projection tech-
niques that might enable several photg-interpreters simultanecusly to view a scene in stereo
and to comment on one another's interpretation. Better methods and techniques are especially
needed by the radar photo-interpreter - such as improved plotting devices and more realistic
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handbooks and other aids for the analysis of typical radar returns.

3. Develop selection tests for photo-interpreters:- If the number of photo-interpraters
should need suddenly to be increased, an efficient and valid selection test would be a tremendous
asset. The job of the photo-interpreter presumably calls for special talenis not possessed by
everybody.  What these taleats are can be determined only by proper study ard research. Who
has these talents, and how many of their possessors wouid be readily available to serve in an
emergency, can be discovered oniy after selection tests have been developed.. It might turn
oul, for examplae, thal some aspects of the phoio-interpretation task could be better perfarmaed
by women than men, If this is true, we ought to know it.

4. Betup an adeguale training program:~ Training is easier if good selection proce-
dures have first heen applied, but close attention to a sound training program is certainly needed

_ by the Air Porce. The program should be streamliined and efficient, and capable of rapid ex-

pansion in an emergency. ; , .

5. Provide, through organizatisnal planning, for the optimal use of the photo-interpre—
ters available:- With the growing technical capacities of Air Force photography, there will never
be as mafiy photo-interpreters as there are photographa to be locked at — #specially come D-Day.

tion, whether his work gets needlessly duplicated - these are questions that must be faced before
the shooting starts. There will be enough photo-interpreters to go around 'cnly i they are used

_with maximal efficlency.

We recommend that the Air Force prepare to meet its poten-
tial needs for photo«i.nterprettérs by ingtituting procedures for
the selection, training, and efficient emplayment of the re-
quired personnel. L .
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. "APPENDIX A
ORGANIZATION OF BEACON HILL STUDY GROUP

1. CENTRAL STUDY GROUP
“Jarmes G.Baker

Saville Davig

Allen F.Danovan®
Gerald K. Geerlings
Peter C. Goldmark
R. Joyce Harman
Gilbert W, King
Edwin H. Land
Stewart E, Miller
Carl F.J. Ovarhage
Richard 5. Perkin
Edward M. Purcell
Loais N, Ridencur
Gordon P.Saville

S, Smith Stevens

. LIAISON OFFICERS

Col. Willlam 8: Bayd
Lt. Col, Paul A/ Btears

" James C.DeHaven

Lit. Col. Lloyd F. Ryan

Lt. Col. Richard S. Leghorn

1. CONSULTANTS

William Bollay
Charles L. Critchfield
Harald T. Friis

Samuel A. Goudsmit
Albert (. Hill

Edward P.Ney

E. R. Quesada

Jerome B.Wiesnéiiﬁf'"fy .
Jerrold R. Zacharias

*Since 17 March

“Harvard Ohservatory

The Christian Science Manitor, Inc.
Cornell Aeronautical Laboratory, Ine.
New Canaan, Conn. '
Columbia Broadeasting System =
PROJECT LINCOLN ‘
Arthur D.Little, Inc.

Polaroid Cor;:{é:atian

Bell Telephone Laboratories
Easiman Kodak Company
Perkin-Elmer Corporation

Harvard University

Ridenour Associates, Inc. ,
Maj. General, U.5. Air Force {ret;}
Harvard University :

" Directorate of Intelligence, DCS;{), Hg, USAF
- Directorat of Intetligence, DC3/), Hg, USAF
Office, A58't. for Development Planning, DCS/D,

Hg, USAF

Office, Ass't. far Development Planning, DCS/D,
Hq, USAF ‘

Wright Air Development Center, USAF

Pacific Palisades, California
o Universily of Minnesota o
Bell Telephone Lahoratories .
" Brookhaven National Laboratory

Massachusetts Institute of Technology
University of Minnesota

Lieut. General, U. §. Air Force (ret.)
Harvard University o
Massachusetts Institute of Technology
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BEACON HILL BRIEFING SCHEDULE

SPEAKER

HQ. USAF AT PENTAGON, WASHINGTON
Mr.James Doolittle
Brig. General W. M. Garland
Colonel Jack E. Thomas

Colonel Edwin S. Leland

Lt. Col. Peter M. Childress
Lt. Col. W. A, Adams, Jr.
Dr.P.H. Johnstone

Ledr. Harry Hopkinson

HQ. USBAF AT PENTAGON, WASHINGTON

Col. John G.Erickgen
Cdr. &. M. Ellingson
Col. Gearge P. Gould
Mr. Leslie Rosenzwelg

Mr. John 5, Pation

Mr.Leslie Rosenzwelg
Mr. John 8. Patton
Col. R. E. Leary

Mai.General Il L. Putt
Col. Jack W. Saunders

Maj. Richard H, Burnor
Col. B, A, Schriever

HQ. USAF PENTAGON, WASHINGTON
Lt Col. P. A, Stears

Mr. F. C. McPeak

Li. Col. PoA. Stears
Li. Col. W. R. Harpster

Lt. Col. C. A. North

SUBJECT

MONDAY, 7 JANUARY 1952
Welcome and Introduction
Introduction
The Importance of Intelligence to the Users

Organization; Functions and Objectives of
Air Intelligence

Collection Procedures
Documents and Dissemination
Target Programs

Air Target Objective Program

TUESDAY, 8 JANUARY 1952

Technical Intelligence
Alr Facilities
Air Order of Baitle

Counter-Atomic Offengive

Range Extensglons

Introduciion

Air Force Reconnaissance Mission and
Ohjectives

Technical Réconnaissance
Strategic Reconnaissance

WEDNESDAY, ¢ JANUARY 1952
Radar Reconnaissance and Intelligence
1 Collection
Radar Reconnalgsance and Intelligence
11 Utilization
Radar Intelligence Research and Development

Electronic Recomnaissance

Aircraft Observer Training in Techniques of
Reconnaissance
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AFTERNOON -~ ANNEX 3 ~ PENTAGON

SPEAKER
Mr. Robert C, Sager
Dr.H.T.Straw
Photo Analysts

WEDNESDAY, 9 JANUARY 1952

SUBJECT
Photo Intelligence and Interpretation
Photo Interpretation Research and Development
Demanstrations of Photo Analysis

HQ. TACTICAL AIR COMMAND, LANGLEY AIR FORCE BASE, VIRGINIA

Maj. Gen. G, Q. Barcus
Brig. Gen. H. L. Banders
Colionel J. M. Schweizer, Jr.

Major General E. J. Timberlake
L.1. Colonel P, F. Sollars

Major L. R.McKulla and
Colonel R. A, Berg

Mr. R, P. Crouch
Colonel K. W, Klise

Colonel K. W. Klige

Lt. Colonel O'Wighton ). Simpson
Colonel Irving L. Branch

Captain George J. Keegan

FRIDAY, | FEBRUARY 19352
Welcome
Histary and Mission of Tactical Alr Command

Intelligence Mission and Organization of
Tactical Air Command

Operational Tactical Migsion
Tactical Intelligence in Combat

Tactical Reconnaissance

Tactical Reconnaissance

Communications Difficulties in Tactical Air
Operations {n Korea

TUESDAY, 5 FEBRUARY 1952
Tactical Air Force Communications
Intelligence Problems in Kores
Intelligence Problems in Eurdpe
Intelligence Problems Confronting TAC

363D TACTICAL RECONNAISSANCE WING, SHAW AIR FORCE BASE

Colonel John R.Dyss

L.t. Colonel Cabas

USAF AT PENTAGON, WASHINGTON
Lt. Col. W. W. Shegda

Mr. E. Mayer

Mr. R, C.Grassy
Mr. D, B. Dyer
Mr. A. L. Canfield

WEDNESDAY, 6 FEBRUARY 1952

Welcome and Demonstration by Joint Air-
Ground Indoctrination Team ~ Base Gymna-
sium B

Introduction to Static Displays and on Recon-
najsgance

MONDAY,
Defector Program

11 FEBRUARY 1952

Target Division Presentation
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HQ. USAF AT PENTAGON, WASHINGTON

Lt. Col. W, Hammond

Mr.C.F. Arlosky
Mr. C. H. Heller
Mr., W. Mussgetter
Mr.B.B. Lane

Mr. A.R. Materazzi

ARMY MAP SERVICE, WASHINGTON

Mr. 0. Y. Hovsepian
Col.J.G. Ladd

Mr.D. Y. Hovsepian

Capt. A. P. Celvaceresses

Dr.P.Belz

Mr. C.Iseminger
Mr. H. Wilcaox
Mr. P. Alexander
Mr. Frank Bloom
Mr. F. Hough
Mr.J.P. Webb
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MONDAY, 11 FEBRUARY 1952 (cent'd.)

Organization of the Aeronautical Chart and
Information Service

Charting Development and Design

Air Information Collection and Dissemination
Geodesy

Fhotogramrmetry

Cartography

TUESDAY, 12 FEBRUARY 1952
Introduction

Mapping and Intelligence Missions and Respon-
sibilities of the Corps of Engineers

Flow of Intelligence and Information, and Re-
guirements for Intelligence Operations

Problems in Mapping and Engineer Intelligencsa
Operations with Certain Suggested {mprovements

Group Preseantations on Processing and use of
Information and Intelligence

U.5.NAVAL PHOTOGRAPHIC CENTER, NAVAL AIR STATION, ANACOSTIA, D.C.

Capt. J. A. Ruddy, USN
Mr. A, C. Lundahl

LCDR R. N. Colwell, USNR
LCOR R. Del.ancie, USNR

LCOR F.J.Brazil], USN
Mr. .G, Coleman
Mr.1.T. Walters

LCDR R. H. Baist, USNR
Mr.J. W. Gardner

WRIGHT AIR DEVELCOPMENT CENTER

Maj. Gen. Fred R. Dent, Jr.
Col. R. L. Johaston

Introduction and Welcome

Introduction to Naval Photographic Interpreta-
tion and General Consideration of the P.I. Prob~-
lem

Basic Consideration of Technical P.I. Problams

Basic Consideration of Non-Techpical Problems
in Phote Interpretation

Welcome to .5 C.
Photographic Interpretation
Photogrammetry

Tachniecal Services

Traising Depariments

MONDAY, 14 JANUARY 1952
Welcome
The Systems Approach
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. WRIGHT AIR DEVELOPMENT CENTER

Li. Col. R. §. Leghorn

Lt. Col. R. G. &twood
Capt. B. Bayuk
Lt. Col. A, T. Phillips

Lt. Col. H. T. Neal

Maj. M. C. Chase
Lt. Cal. A. T. Phillips
Maj. J. A. Boykin
Capt. H. F. Wienberg

Maj. J. A, Baykin
Capt. C. W. Kuehne
Me. L. Sfﬁow 20

Capt, P, L, Deimling

Brig. Gen. Gordon A, Blake
- Col. G. W. Goddard
. Capt, W. J. Levison
Mr. J. §. Goldhamuner

Capt. W.J, Levison
Cant. N. L. Sternbérger

Lt. Col. E. . Jones
Mr. €. J. Marshall
Mr, €. J. Marshail
Mr. C. Colbert
P.E. Hockman
Dr.P.J.Ovreho

Cal. Frank L. Dunn
Maj. 3pencer Whedon -
Lt. Col. W. L. Ewbank

Mr. Egan D.Fay
Maj. John E. Libbert
Col. Frank L. Dunn

MONDAY, 14 JANUARY 1952 (cont'd.)

WADC Approach to Research and Development
in Inteliigence and Beconnaissance

Major Problems of Terrain Intelligence
Drone Aircraft

-BNARK

Major Problems in Atmospheric Intelligence
and Climatology Brisfing

GOPHER

.- Btrategic Reconnaigsance Systems

Strategic Atreraft

- Tactical Reconnaissance Systems and Hecon-

naissance Fighter Types
Reconnaisgance Bomber Types
Carps-Division Support Types
Guidance Systems

Data Correlation

TUESDAY, 15 JANUARY 1952
[ntroduction o
Photographic Reconnaissance - -
Photographic Equipment Developed for Air-

- horne Intelligence Systems

Equipment Developments for Data Conversion
Systems
Summary

Atmospheric Reconnalsgsance {Airborne and
Ground]

Ferret Reconnaissance

Badar Recannalssance

AN/APQ-45 ER

RP1 {Badar Presentation Intelligence)
1BDA (Indirect Bomb Damage Assessment)
Iafrared i

WEDNESDAY, 16 JANUARY 1932

. Welcome and Introduction

Standard A-2 Briefing
Copllection

Ajircraft Analysis
Electronic Reconaaissance
Closing Remarks :
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OHIO STATE UNIVERSBITY WEDNESDAY, 16 JANUARY 1952
Professor George H. Harding Welcome and Intreducticn .
Dr.J. Allen Hynek Missile Aspect and Sky Outlines
Dr.Fred P. Dickey Mapping and Charting by Radar
Mr. John R. Wiiliams Shoran Applications to Mapping and Charting

Dr. W. A. Heiskanen

Mr. Walter D. Lambert The Gravity Program of the Laboratory

Mr. W.O.Byrd Gecdetic Studies

Dy. Earl Church Photogrammeiry

Mr.O. M. Miller Cartograpbic Presentation

Dr.N.T.Bobovnikoff Russisn Science and Cartographic Intelligence
HQ. STRATEGIC AIR COMMAND QFFUTT AFB MONDAY, 28 JANUARY 1952

Gen. Cartis E. LeMay Mission of BAC

Col.J. H. Walsh Target Array, Order of Battle and Target

Materials
Maj. Gen.J. B. Montgomery SAC - Command and Comtrol - Current Train-

ing and Operations - Bombing Accuracy Trends
~ Typical Mission Planning

Col. J. H. Walsh Collection and Distribution System
Col. W. B, Yancey Operations of the SAC Reconnaissance Force
Lt. Col. R. Triantafellu SAC Bombing Problems
Cal.J. B. Bestuc lectronic Counter Mpasures .
Lt. Col. L. J. Israel Electronic Equipment
Col. A. W, Nielzen New and improved Equipment
z8th STRAT. RECON. WING (H) TUESDAY, 29 JANUARY 1952
RAPID CITY AFB
Col. R.E. Ellsworth Welcome
Lt. Col. R. Taylior Combat Crew Briefing
L:. Col. C. H. Royee Static Display
Capt. O. 5. Moore Take-Off and Film Drop Demonstration
Lt. Col. G. T. Hicks Tour of Laboratory and Film Evaluation
Maj. J. L. White Laboratory
Capt. R.R. Crusey Digplay Room
Capt. D. A. Hollander Reproduction Section
HQ. EIGHTH AIR FORCE, CARSWELL AFB WEDNESDAY, 30 JANUARY 1952
Maj.R.P.Lukeman . Eighth Air Foree, Briefing Demonstration of a

Typical Mission
Demonstration of ECM (Ferret) Equipment in 2
B-50

Demonstration of Ultrasonic Radar Bombing
Trainer, and New Experimental Cathode~Ray
Tubes
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PROBLEMS OF THE PEHOTOCGRAPHIC METHOD

A. INTRORDUCTION

Since 1945, a number of important papers and reports have 'been written by
res¢arch workers in the United States, England and Canada on the subject of photsgraphic re-
sglving power, contrast and g'xiamineSa The prob?em iz a broad one, and mvolves the ob«
server, means of observation and a number of physical parameters that are diffienlt to disen«
tangle from one ancther. However, progress is being made toward an understanding of the
photographic image and there is growing agreement amoﬂg different workers on VAriOus aspects
of the problem. o

It is encouraging that since 1945 the probieyms of aerial photography have be-
come more widely recognized in the Air Foree. It is debatahle, however, ‘whether any real
and lasting improvements pot already obtained by 1945 have been made in actual resuilts. The
rumber of workers in the field has inereased considerably, but there has not as yet been a
noticeable increase in average picture quality. Much has been accomplished in the study of
the limitations and capabilities of stapdard equipment in the range from 6+ to 24-inch focal
length, buﬁ there has been no appreciahie advance in the quality of the equipment itself. Culmis-
nation of instrumental developmenis initiated some years ago may indeed bring about improve-
ments in time. Ho.\yever, when we visit the operational reccnnaissgnce bases, we find about
the same equipment that was used in 1545,

There has been marked progress since 1245 in the direction of the large and
specialized cameras, but it is debatable, if a choiee had to be made, whether this work shauld
have taken precedence cver improvement of standard equipment. Ideally, both developments
should have been carried cut, which means that the smaller equipment should have come in for
more attention. This is the case with the 6., 12-, and 24-inch cameras, and partly the case
with the 3&6-inch £/ telephoto. At present, the lenses have to be stopped down to give adeqnate
performance, and then the incressed exposure time leads to enhanced image motion and vi-
bration. :

It still seems to be true that a combination of a heavy camera {large moment
of inertia), high shutter speed, and sharp-focus lens produces first~quality aerml photographs,
in spite of the large volurne of work done on mount characteristics, image monon, haze, con-
trast, laboratory tests, etc, This means that to date the "brute force® solution is still ef-
fective, and that we have not as yel brought cur acéumulated' knowledge to-bear on lmproved
mounts and image«mot'ﬁon compensation. The work in prkogress‘alﬁng these lines should be
encouraged, with the goal of getiing the results intn productioh and into mass use by the recon-
naissance wWings.

Enough information is now on hand to enable.one to makea careful assess-
ment of any given sitnation in aerial phﬂtography within the lig!ﬂtbt available photographic
materials and processing. Il may be thal discovery of a different photographic material could
revolutionize aerial photography where the problems of speed, contrast and graininess are
liquidated all at once. We do not have such a solution nor does the shadow of one hover on the
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horizon. In its absence we must plod along with slow impravements in lens quality, mounts,
and shutters. C e ;

B. LENS QUALITY

In the present practme of gerial photography, the conclusion bas been reached
from time to time that the quak ity of exxstmg lenses does not represent an imporiant limitation”
to the effectiveness of aerial photography. In the large, where one considers data handling and -
photo -interpretation, such a coni¢lusion is probabljy correct. . In the amall, the conclusion needs
modification.
Ina”déQquate test data axist on ‘tfie effect of imperfect lens quality on migro-
scopic contrast and on the recognition of details in the fading-out régiqn of micrascopic COR«
trast,*® where a_good lens should make'a réaL difference - that is, at a level of, say, 15 1ineéf

mum - the imperfect lens may pressent a wéshed~cut image of a tank which in itsglf is of low con+

trast, whereas me gnud lens at 15 iines/mm may 5¢111 give engugh contrast in the lmage of the
tank to penmt recogmham These considerations will be discussed in Section D below.

The existmg 6-, 12-, and Z-&»mch lenses at full aperture do not represeat
the practicable limit of lens qualxty, though they may indeed represent the mst gcanomical
iimit in cost per lens. However, an increase in csmpleﬂky,may result in lowerﬁd produetion.
The writer believes that if a factor-of-two improvement could be worked into each dealgn, in
terms of microscopic contrast at a level of 25 lines/mm, a great deal of gogd would be ac-~ k
complished in raising the average level of performnance on good photographic days. On poor
days, not much ¢an be accomplished with present emulsions. - The queétiem is whether {'ovr a
few per cent increase in cost per lens and for a few per cent lowered production, we might not
achieve a better balance in our standard product.. On geod days, perhaps a 30 per cent improve-
ment in microseoplc contrast could be achieved at a level of 20 unesfmm it 1mprovement that
would result in quicker and easier recognition of details at this level.

One needs only to compare a lens bench test of the standard 24-inch at £/6
with the 36-inch telephoto at f/h to see that there is a real differ

should be posaibie to obtain a 24-inch /6 lens with images over the 9 x 18 format tiot too far dif-

ferent {rom those provided by the 36»£nch fg’ﬂ telephoto, which in itself is not a lens of the
highest quality. The same holds trug for the . IZAmch £/5, namely, that a marked improvement
is feasible with care exercised in design,

The point here is that at a print level of 5 lines/mm, cbserved wit'mut magri-
fving glass, the difference in microscopic contrast between a good lens and bad lens may be un-
noticeable. At 10 lines/mnm, the good lens may continue to give good microscopic contrast,
whereas the bad lens may already start to show washed-out images. At 15 lines/mm, the good
lens may begin to fail, owing primarily to printing lusses, whﬂe the bad lens has ceased to Te-
solve and the microscopic contrast is zero. ‘

#The terin “mierogcopic contrast® receives a full kreatméhfiﬁ Sec.D. Here we can consider
that the expression refers to the density chfferem:e in the image on the emulsion, at the reseln«-
tion level cited, between highlight and lowlight.
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If we transfer these observations to a positive transparency and omit the priot- .
ing on paper, we probably would find the deficiencies of the bad lens more pronounced relative
to the good lens, though the positive transparency will show improved results for both lenses.
Now, il may be that at 25 lines/mm the good lens may still be showing some resolution of low-
contrast targets, whereas the bad lens may show only targets of high inherent contrast. At 30
lines/mm, the good lens may be beginning to fail on even the high-contrast targets, whereas
the bad lens may have ceased to perform.

What are the conclusions to be reached ? We can gay that, if we are interested
in a guality level of only 10 lines/mim oo good days for largets of intermediate to high contrast,
existing lenses are good enough. If we are interested in a qualily level of 20 lines/mm on goed
days for the same targets, then existing lenses need improving at full aperture, though they
may be adequate when stopped down to /8. If we are ever to be interested in a guality level of
30 lines/mm for intermediate to high contrast targets, then existing lenses will have to be im-

proved markedly.

The above discussion ig not intended to indicate t’hat we ean achieve any
drastic reduction in size of equipment by an improvemsnt in lens quality. While & reduction of
the nrder of 30 per cent might be achieved if all days on which plctures are taken were goad
davs, the fact is that on many dayg, especially in Europe and in the U.S.5. R., there will be
haze and inherently poor target contrast. Under these conditions, the requested improverent
in lena quality will be wiped out by low resolution and low microscopic contrast of the emulsion
itself at the low target contrast produced by the haze. Here, focal length itself becomes more
important than lens quality.

There is a very natural tendency for all of us to show only our best work, and .
this applies to organizations as well as to individuals. Yet, if we are to establish a faciual fre-
guency distribution for the resclution and microscopic cantrast of aerial photographs, we must
deal with the worst as well as the best, Accordingly, we should do some aerial testing on bad
and on very bad days as well as on good days. Some thought should be given lo assigning a
quality rating to a photographii: situation in the air and markiog this on the prints aleng with
other data. Thereafler, we should know what to expect in resolution and contrast at diffecent
altitudes and with different cameras on days of varying gquality index, and on different kinds of

targets. .
Figure C-1 shows a plot of expected size of recognizahle cbjeclé an the ground
plotted against focsl Leagth for photography at 50,000 feet. The full curve is drawn through
points plotted on the basis of expected resgulis in the air across the line of flight for the differ-
ent focal lengths of existing equipment. The 40-inch £5 is known to give & peak of about 25
lines/mm at an altitude of 10,000 feet, which here is assumed to be about 22 linea/mm at an alti-
tude of 50,000 feet. The stsndard 24-inch under the same conditions {s assumed to give a peak
to its frequency distribution {not the highest value) of about 14 lines/mm under the same circum-
stances. The 60-inch /6 telephoto is assumed to give 22 linesfmm. The 96-inch /8 is agsumed
to give L4 lines/mm on the average, the l44-inch /3 also gives 14 linez/mm and the 240-inch
10 lines/mm. The 12-inch £/5 is assumed to glve 15 lines/mm, and the 6-inch 12 lines/mm
{full aperture).
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An assumed rule, that it requi*es four Imes of vespluticn to yield recog-
nition of the objeet of plotted size at the threshold of the resolving power observed. is used in
Fig.C-1. Thus, if the observed threshold is 24 lines/mm, the size of the cbject as plotted sub-
tends an angle equivalent to & linesfmm or 0,167 mm divided by the lehs focallength, or has a
ground size equal to 0.167 mm times the scale. If the Hmiting resolution is 12 Hves/mm, one
usea 0.333 mm times the sca}e, ‘ete. ‘This mle is only an approximation, but for the purposes
at hand it suffices.
The crosses in Fig.C-1 represent the limit to Improvement that might be
cbtained by improving the lans design within feasible limits. The circles represent what might
be expected by improving both the lens design and the mounting or antivibration characteristics,
and/or shutter speed. The first fine-dashed cmrve represents the situation at-low camrast. as
on pooer phc}tographm days, andfar poor target contrast. This curve is determined by the enn-
dition that the threshold, more or less independent of foecal length, ‘iz set by haze and low target
contrast to a level of 5 Iines/mm, The size of object 15 determined by the same rule uséd e~
fore, namely, that it requires {our lines of resolution contained within the cbieet for recog-
nition to be established. The curve represented ”i;sy 3 coarse»-dashed lire indicates the situation
on a very bad photographic day with thick haze, or could represent the ‘situation fur high obliques
from high altimde [transverse object at 30, 000 feet in line af gight) oo even fair photeg’raphxc
days. Here, one can expect from Boston ‘D‘mversxtv results that more lines per object are re.
quired to establish recognition.” 'This curve indicates why the 100-inch camera is ugeful for
high obligues and why the Zﬂ&l’)-«mch camara penetrates near-horizon Aaze to considerable dis-

tances. e ‘
The curves demonstrate that an inc’x‘véase in focal length ovex;:cumes increase
in quality to an extent dependent on quagliky of the existiqgjignses and on the day. On good days,
for a given ground recognition, one cah use aquipment of moderste size.: On bad days,. it is
necessary to resort to # longer focal length to observe the same object. One lays a horizantal
line across the graph to see the change in focal length required.

‘fha full curve in Fig.C-1 between 48-inch focal length and 240-inch foeal
length 15 based (m oparanon of the cameras-by trained chservers, Experience indicates that,
if routine abserv‘ers are used with this large equipment, the corresponding curve lies higher on
the diagram in the general direction of the fine-dashed curve, except that zhé full eurve fairly
well represents results obtained by such routine observers up to 36-inch focal length, Ac-
cordingly, routingé observers require longer focal lengths to achieve a given level of results;
conversely, trained observers can get by wxlh smaller eqmpmen or can accomplish much -

more with the large equipment. e :
If we choose our equipment on the basis uf the fine-dashed curve, then we
are likely to recognize the ground detail of indicated size..A true "factor of safety” would go
according to this dashed curve, if we are always to bring heame the hacon. However, in most
cases we are not too sure ag to what ground detail we may wish to recognize, or, at least,
have not been instructed along these lines. Such an obscurily remowves the zero point of the
diagram, and we simply work on the basis of bringing home whatever results the day permits.
On good days, a given large camera may give,a.ﬁ»superﬂui;y of information. On had days, a
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In the absence of specific requirements for a mission on which a factor of
safety may be determined, one should be prepared to “waste film" in the interest of avoiding
an aborted mission. The cost of film is small compared tg the costs of plane, mission, and

smail camera may abort the mission.

men's lives, Film becomes dear only if in short supply at the base, or if used in excessive
quantities beyond even the dictates of a prudent factor of safely.

We are under ne moral obligation to develop ar to examine all the film that
may be exposed on a mission. Thus, if a photographic day turns cut ta be first-rate, cne may
find all the information needed on a S-inch roll. There would thea be no need to process a [2-
ar 24-inch rpll taken on the same mission. The roll cans be stored for a limited pericd of time
and then destroyed. However, if the é-inch roll fails to give the results, which may be antici-
pated ahead of time if the guality index for the day is bad, then one might decide to process the

2+ or Z4-inch roll. The idea that we must proesss and print whole rolls of film, without any
need for them, ocught to be discouraged. If we can safely omit exposing the roll to begin with,
so mueh the better., Here, common sense applies. An RBBE-3% with only 3 rolls of film taken
on a million-doilar mission on only 6-inch equipment might be an abortion an expensive
failure. Here we can safely take along many rolls of film, and expose according to the weather
and judgment of the trained photographer. Similarly, we can easily imagine a photggraphie
compartment on a guided missile that by sheer necessity has only a single camera and a single
roll of film. Here we must gamble results against choice of the novel installation and vehicle.

In Fig. C~1 we see that the curves rise steeply for the short focal lengths.
The plots have deliberately been made on a linear basis to emphasize the losses in going to the
shaorter focal lengths. Thus, in going from 3 to 6 inches, or from 6 to 12 inches focal length,
we obtain a drastic increase on the curves in terms of ground reseolution. At a given altitude,
the peak of the frequency distribution of ground details of interest may 'already bave been passed
in going from 4 to 12 inches. In going to 24 inches, we may be starting to look for a relatively
few objiects, and the law of diminishing refurns will bave set in, In going to 48 Inches or to ’
even greater focal lengths, we may be interested now in only a few small objects of importance.
Qr, if we go to twice the altitude, such as 40,000 instead of 20,000 feet, the increase in focal
length may be needed if we are to stay on the desired side of the frequency distribution of ground
cbject size.

No cne ean determine accurately in advance what the limiting smallness of
details is to be, for this depends on the mission. H the purpose of the mission is assigned,
then vne can determine the {ocal length likely to be needed. However, too small a focal
length - except where it {5 made mandatory by space limitations - is likely te produce inade-
gquate results for the expended effort.

Figure C~2Z represents an approximate plat of equipment cost against focal
length. The crogses represent actual known gosts, which scatter around a lot, owing to special
attachments, format size, shuiter type, image-motion compensation. etc. The curve attempts
to be a mean curve through averaged complexity of equiprment. Here we assume that control
boxes are mecessary for the medium as well as for the large cameras. We see again that, in
the range from zero to twelve inches, not much is gained by miniaturization of focal length




. alone. The law of diminishing returns sels in on Fig. C-1in the direction of very short focal
length and inadequate groundg-detaﬂ recognition, and in Fig. C-2 in the direction of long focal
length and great size and costs. Thus, thess curves point to the fact that moderate focal
lengihs yield the biggest returns, and that peither extremely miniature equipménf nor exces-
sively large equipment is desirable for mass usage. The very large cameras and lenses thus
beleng in the special operamms field where the peculiarity of the mission demands and Jusnﬁes B
their use. .

Likewlse, il is very easy i'or tnéd‘equatety trained personnel to misusg the -
large cameraa. AL least, conditions of use. may prevent pmper focus and proper pre-flight
maintenance, All these factors argue agamsti‘-x vmg the large ‘cameras in ordmary use, and

experience has bome this out. .

It is tu be concluded, therefore, that focal lengths fram & to 36 inches are
practicabie for mass usage in the Air Forces, and that larger eqtupment should be resarved
for special missions, operated by special personnet in suﬁable planes, “There is a need for a
70-mm film camera for low-altitude sweeps. where larger film 1s supernuaus for most pur-
poses, and where the modern need for high recycling times dictates the use of this narrow film.
However, for high-altitude work, resort to 70-mm film where §-inch film can be used is not to
be encouraged, save where space limitations are severe (see Chapter 5). R

One could pl.m a frequency distribution of the industrial gutput of this r:mmtry B
in terms of dollar costs and camera size. We do not have tha dndustrial capacity at the present =
time to produce as many as three 240-inch cameras a Y#ar, noris such pméuction necessary.

. If we set gul to manufacture three such cameras, we can do soonly by dwerting industrial

skills from more desirable channels or by a special training effort with a large lead time. This
same effort, again, might be'more prcfitahly employed, Our financial resources are not un«
limited, and we rmust have a clear ldea of reconnaissance needs befors undertaking production
of tco many large cameras. R v

A moderate peripheral program can be accompliahed qnite sucgessfully with
a half-dozen emmeras of 100~inch focal Iength may ‘be that for such purpoges three 240-Inch
cameras will be adequate. Equally important, -it may be that a reduction in si{ze of camera for
long oblique work becormes feasible without sacnficmg focal length. Ow, if the dollar cost can
be lowered drastically by a better design of equipment, then the long focal length lenses may be-
come more practicable. The law of diminishing returns must be kept under control. - It will do
no good to have eguipment folded up with many mirrord, if the mirrors vibrate unduly, or are

warped, or become too dusty. Sl

C. EMULSIONS

We are still Iaoking for the high-speed, grainless emulswn with good micrg-;
scopic contrast, an erulsion that may revolntwmze aerial photography and that may at last
enable small equipment to accumplish what we nmv can gbtaln only with large equipment. Untn
this happens, we must consider what can be done with emulsions as we know them.

AL presemt we have an approximate relation between speed, microseopic

contrast and graininess. -On the one hand, we have a fairly grainy emulsion like Super-XX, and




on the other a fine-grain slow ermulsion like Microfile, with many others scattered in either .
direction. We know that the needs of the Air Force require standardization so far as possible,
and that photegraphy under service conditions must often be attempted in poor illumination.
Thus far, Super-XX appears to be a workable compromise on the basis of speed, graininess,
and other characteristics. In time, more research on emulsions may lead to a film with the
same speed and with other properties improved.

It has not as yet been determined to the satisfaction of the writer that, for
special missions or under special circumstances, a resort to an emulsion like Microfile might
not have special advantages. Current information goes all the way from drastic quantitative
arguments against the feasibility of using a Microfile-type emulsion with perfected camera
equipment and short focal length® to inatructive photographs made with extremely short focal
lengths on a much grainier emulsion. Work carried on at the Boston University Physical Re-
search Laboratories indicates thaf, from an information content point of view, the use of Pan-
X over Super-XX offers appreciable advantage. This work, while extensive, shows the need
for an even more elaborate study of different emulsions under varying circumstances.

The present distribution of use of Tri-X Pan for night photegraphy, Super-XX
for general use, infrared film and color film is not too far from the best compromise. Any
berefits brought about by improved emulsions for the same purposes, or by improved de-
veloping methods, or indeed any improvements that can be passed along routinely to the user
in the field without complicating his problems, are to be encouraged. Any increase in the
variety of emulsions or elaboration dependent on the user ought to be discouraged or examined
with the greatest of care. Special emulsions and special methods in general ought to be re- .
served for the specialized units described in Chapter 12.

D. MICROSCOPIC CONTRAST

Discussions of microscopic contrast have arisen a number of times in the
BEACON HILL Study Group, owing to the importance of this subject in connection with picture
quality. The terms macroscopic contrast, microscopic contrast, resolution and graininess
dre so entangled as to require some treatment all at once.

It is not intended to ignore the important contributions to the above consider-
ations made by a large number of skilled research workers here and abroad. But this Report
is not the place for a prolonged and objective discussion of photographic details done better
elsewhere.*™ The mission of BEACON HILL is to suggest how reconnaissance and intelligence
can be improved. In the photographic problem, there is some possibility that an improvement
in microscopic contrast by development or printing methods inay bring about increased informa-
tion content in aerial recennaissance, or make it possible for the average photc-interpreter
to achieve results heretofore impossible, or accomplished with difficulty by the very best

*According to several workers, an improvement in graininess and microscopic contrast by a
factar of two may correspond to a loss of speed by a factor of between 50 and 500,
**For example, the Research Laboratories of the Eastman Kodak Company have introduced a
new function called "acutance” which gives an extremely high correlation with picture quality
or sharpness in psychophysical tests. Acutance goes bevond contrast alone and considera
both functional edge contours and density range. Acutance does not include graininess. ~
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photo-interpreter,

In discussing contrast, we must introduce the term ° macrogeopic contrast, ¥
which means the contrast of large photometric areas on the emulsion. We can consider that an
area of a square 2 mm on a side is large enoughto give a c:ontrast not measurably differsnt
from a much larger area on the film. In pmmzxpie, however, we do mean that *macroscopic
contrast” refers to the contrast of very large areas, where for present purposes we can con-
sider the term contrast to refer to density differences in the photograph. B

The term "microscopic contrast? refers to the density difference of smad

detail on the emulsion. More spemncallv, we can consider microscopic contrast as the density
difference at any given line number N, where N is the numhes of lines per millirmeter. For
large detail, where N is ong or even less, the mxcmscopxc contrast becomes identical with
macroscopic contrast. . At some limiting value of N, depending on the emulsion, lens, target
contrast, exposure, development and to some extent grain, and the method of reduction, micro-
scopi¢ contrast goes lo zero., In practice, on such an emulsion as Super-XX this limiting
number can be as large as 80 lines/mm where perfacted pmcedures are gmployed.

The problem must alsc include the'term "Larget m:mtrast., which here refers
to the equivalent macroscopic contrast that would be observed on the emulsion in terms of
density difference, if haze werg absent, and if the target were large enough to image into macro-
seopic areas on the photograph. As the target size diminishes, we have only to keep the actual
reflectivity factors of high- and lowlights upaltered to be able to assign to‘l‘thef;arge: a vatue for
ils target contrast. S ¢ b “

Intervening haze will superimpogé itself onto the target contrast. The direct
light from the ground target will be attenuated by the scattering in the atmosphemc haze-
producing layers, and then the effective brightness of the haze xtsau will superimpose more or
less wniform stray light onto the photograph. Exposure control can still cause macroscopic
areas of a given brightness, as seen by the lens, to be photographed at a congtan! macroscopie
density. The net effect thereafter will be a reduction in the contrast at alllevels of resolution
from the macroscopic areas ta the microgcopic. By contrasty develnpmen:, one ¢an restare
the macroscoplc eontrast to the level that would abtam in the absence of baze, as measured
again by densily of macroscopic areas, but in s doing the microsccpm contrast is enly parti~
ally restored. Because the threshold of resolution so far as the emulslon is concerned 18 a
function of threshold contrast and graminess. loss o!‘\microscmpw contrast produced by haze
causes an inevitable loss in resolution. However, it takes z gubstantial arnount of haze lo
lower the limiting resolution drastically, and ﬂié‘:c\zms relating contrast o resolution ave
well kmown. At iesol,uticm levels well above the resslution threshold, the loss of microscopic
contrast causes a lass in pickure qualitg‘d A Yoss of picture quality reduces the probability of
recognizing a given small detail - the loss depending on the size of the detail to be recognized
and ou the level of resolutinp. Studies at Boston Unive;fsi;y show that,for the same wmicroscopic
contrast, more resglution lines per cbject: will again increase the probability of recognition.

*Contrast is defined in a number of different ways such as E,-logE, I - Io/lo, etc. Herewe
wish lo stay close tp emulsion properties after development.
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For a constant level of resolution on the emulsion, this means that, as the object grows larger ) .
at a given poor microscopic contrast, leading to more lines in the object, the probability of '
recognition is increased. In the limif, a large object has a 100 per cent probability of recogni-
tion if there are enough lines in the object at the assigned level of resolution and contrast above
threshold values. This in turn means thar if the photograph is of low quality, due to haze, low
target contrast, poor lens, ar a combination of these factors, an increase in scale will improve
the probability of recogniticn. Hence, a long focal length lens at a given altitude, producing a
large scale, makes it easier for photo~interpreters to recognize their ground detail. If we con-
sider that there is an "average quality” aerial photograph a photo-interpreter is justified in
concluding that recognition of any given object depends on scale. Inlurn, if we bave a better
lens, producing good microscopic contrast at a given scale and resolution leve!, a given ground
object requires fewer lines per object to be recognized, ar in general the probability of recog~
nition for a given number of lines per object {of the order of 2 to 6 lines per object) is improved.
It is clear that the simple expedient of increasing the numher of lines per object to obtain
recognition when the microseopic contrast is low cannet go an indefinitely, and the observed
curves do show a limiting contrast below which no increase in lines per object can do any geod.
Moreover, it ls also clear that recognition of an object, as contrasted with detectability, must
require a certain minimum number of lines per object where context, observer skill and pre-
knowledge are ruled out, even when the contrast is excellent. Boston University curves show
here a value as low as 1.3 lines per object, but there is given only a 50 per cent probability of
recognition, along with an uncertainty in establishing the probability at this low value and with
a known dependency on the type of object, the nature of which is known to the observer. For
Super-XX and a 100 per cent probability of recognition, it still requires about 5 lines per ob- .
ject, In this connection, Pan-X i3 derwmonstrably superior to Super-XX in requiring only about
2.5 lines per abject under similar excellent conditions. Extenslon of these results to targets
more or less unknown to the observer, or present in such variety as to prevent guessing, may
produce somewhat different values. Presumably, it requires more lines per cbject to recog-
nize an unknown type of object from among many possibilities than to distinguish between two
possibilities of a simple kind of target. However, Pan-X cught to remain systematically
superior to Super-XX.

In the case of most entities of complex construction, recognition must depend
on & minimum number of so-called recognitiorn factors, which in turn require a certain de-

tectability each to serve in the context. A recognition factor may require several lines within
itself to be recognized of itself. In context, detectability of the recognition faclor alone may
serve its purpose as a recognition aid for the larger entity. Some entities may be recogniz-
able on the basis of a single recognition factor. Other entilies may require a number of recog-
nilion factors. In many cases, pure detectability combined with location will serve to establish
recognition, in which case the detectability becomes a recognition factor for the larger entity.

For example, a blur on a highway may safely be determined to be a vehicle.
The same biur cn an airport runway is likely to be an airplane. If one needs ta know what kind
of vehicle or what kind of airplane, more lines per object must he obtained to establish recog-
nition, in which the recognition factors of the object play their role anew.
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In the above digcussion, there appears a justificalion for the choice of a long
focal length lens to produce a seale large enough to. render a given obJect recognizable at a
given altitude. These factors are consistent with the curves drawa in Fig. C-1 from another
point of view. If a day is bad, producing low microscopic contrast, then an increase in focal
length will render the ground detail more readily ‘recognizable at the expense of coverage.

There is still another possible factor perhaps overlocked by many workers
in the field. Only provisional data are at hand, and it is recommended that quantitative studies
be made on the point. Recently the workers in Canada scanned ground detail from the air in an

attempt to examine the frequency of occurrence of different target contrasts on good photographic

gays. The resulls indicated that low contrast predominates as a rule, The workers concluded
that lenses should be tested at low contrast, inasmuch as their results "proved” that aerial
photography is inherently of low contrast
* Now, these resuits are valid go far as they go, but they are really a part
of a larger pattem The Canadian workers used a fairly large m:eg"rat ing solid angle of the
ovder of 3 of are. The writer feels that more proionged aerial tests should use a variety of

well-3elected integrating spats on the ground with curves of freguency distribution drawn for
each size of scanning spot or aperture. The underlying belief here is that, as the scanning
spot grows smaller, the peak of observed frequencies of ground-target contrast moves toward
larger target contrast values.  There i3 no real limit to the smallness of the scanning spot;
and in our daily lives we observe quile excellent contrast in the small objects around us, even
excepting color contrasts. On thé other hand, if we uss a'largér scanning spot than the
Canadians used in their 3’ angle, we should expect the peak of the frequencydistributicn of con~
trasts to move toward still smaller eonirast values. If the spot ot the ground is quite large,
then all the details of such an ohject as' a. houae would average out, and houses as a class of ob-
jects woald show only a glight variation in com‘.raa:

The writer believes that this effect ghows up subjectively in gur customary
comparisons of phatographs made with large and small Ienses. - The large-scale phaotographs
may seem contrastier or snappier ‘than the small-scale, qmte, ‘spart from other differences —
that is, in addition to the ability to ,ré:'ébgnize abjects because they are comfortably above the
emulsion limit and show a beiter mierosecopic contrast with the larger scale picture, we have
a greater abundance of contrasty objects because of the smaller scanning spot related to the
angular resclution of the larger lenz. All these factors tend ta favor the lens of long focal
length. The 240-inch lens from high altitude appears to give guite a good contrasty picture on
vertical shols over city areas where small ub;ects of high contrast abound. A 6-inch lens from

the same altitude would fuse tnge:her these gmall shijects.  The grosser details left in the pic- -

ture that can be distinguished on the average are of lower conirast. The b-inch picture, apart
from other reasons, then gives a *flatter™ photograph: It i‘skrecammended that these consider-
atinons be examined ﬁuauti&atively by means of scanning with varying integrating spats or aper-

tures. ) T
There are various ways to depict the gffacts of microscopic contrast and

resolution. A way preferred by the writer involves the use of pseudso-microphotometer tracings.

These are tracings made by hand te illustrate what a density nﬁcmphatometer (i.e., with
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iogarithmic amplifier) would show under various conditions with the corresponding type of .
photography.

o ”

B S

We visualize a test target of the picket-fence type, consisting of long lines in
a geometrical progression of decreasing width and spacing, all the way from quite wide lines to
very narrow lines. This target is photographed according to the test conditions of contrast,ex-
posure, emulsion, lens, and even motion. We imagine that we make a microphotometer tracing
of the picket-fence photograph.

Figure C-3 showsg a tracing where recorded density is pleotted against resalu-
tion in lines per millimeter. Let us suppose that we have a "perfect lens-film combinaticn”
alpng with maximum target contrast (emission lines on an opague background so exposed as to
lead to a density range of zero to two). Now, if we have a microphoto,metér siit of length just
short of the length of the lines and perhaps 10 mm long, and a slit width of perhaps 0010 mm,
we would cbtain a tracing as shown in Fig.C-3(a). Because the integrating slit is very long,
the statistical fluctuation of the grains is minimized. The tracing goes up and down between
the eavelope lines and is quite amooth, owing to the absence of graininesa., The limit of resciu~
tion oceurs at perhaps 50 lines/mm, where the amplitude of the fluctuation goes below the visual
threshcld for the residual praininess that appears. Presumably, with an extremely long slit
and great amplification in the photometer, one could follow the resolution down to finer lines.
However, for a slit of the order of 10 mm long and 0.010 mm wide, graininess will still appear
slightly.

Figure C-3(b) shows what happens if we scan willi a short slit also 0.010 mm
wide. Here there is considerable graininess, ephanced by the small slit area. Consequently,
there is much random fluctuation superimposed on top of the real lines. At a level of 37 lines/ .
mm, the eye fails to distinguish the reality of the lines becauce of the graininess. Even at much
coarser levels of resolutjon,the tracing looks bad though resclved.

Figure C-3{c) shows a situation similar to what occurs in practice. Here,
the microphotometer slit has a variable length and a variable width where both are a function
of resolution number. At 5 lines/mm, the slit is 0500 mm long and 0.100 ram wide. At 25
lines/mm, the slit i 0.100 mm long and 0020 mum wide. Ab 50 lines/mm, the slit iz 0050 mm
long and §.G10 mm wide., Thus, the graininess exhibited in the tracing grows rapidly and, in
fact, about as the square of the resclution number. Our standard three-line paliern has a con-
stant ratio of 5:1 in length over width and spacing of lines. As the pattern grows smaller, the
requirements on resolution are affected more and more by the graininess. The tracing of Fig.
C-3(c} is intended to illustrate the rapidly increasing dermands on the emulsion as the target
disappears into the grain. In actual aerial photography, we have an analogous situation when
the image of the ground target disappears into the grain or into other seurces of limitation on .
resolution.

All the remaining figures are to be considered as having a scanning slit with
height and width a function of resclution as in Fig. C-3(c). Figure C-E{dl} shows the case af
“imperfect lens-film"” for infinite target contrast, where macroscopic areas are geared to a
density range of zero to two. The lens imperfections cause the image contrast to pass the thres-
hold about at 28 lines/mm which becomes the resolution limif. Note Lhat at the leval of 10
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I ulBES,‘Iﬂ“m the microseapic contrast is already lcwered to about 70 per cent that at 10 lmes/mm

in Pig.C~3{c). Hence, the 1mperfect lens has already caused a'loss in hmitmg resalution snd
a loss all down the line in micraescopic coptrast. - Moreover, althHough graininess is not pro-
nounced at 28 lines/mm, it still interferes with resalukion} inasmuch as the ratio of contrast to
grain is unfavorable. Figures C»B(dz), (dS) and (di) show the corresponding situations for dif-
ferent emulsions. , &

Figure C- 3{2} shows the case ef "pertect lensuum“ but with much reduced
target contraat. So far as the emulsion is concerned, the effects are qm.te similar to a losg of
contrast caused by an imperfect lens. The microsaopic contrast is lowered and is low anyway
because the target contrast is low. The limiting resclution in the figure is 22 lines/mm, ‘and
the effects of graininess are slight. The low-larget contrast may be sither inherent in the tarQ
get or caused by overlying haze. Ifthe lattar. the photf;;graph would profit by a contrasty de«
velppment and econtrasty prinimg where the macroscopic contrast might be restored to a density
range of zero to two. If this were to be done, the resulting tracing would resemble: Fxg C-3{d} -
that is, we might consider that in thase two eases an imperfeet lens on a poad day (d } would
give similar results to what a perfect lens might give on'a bad day, (e} the latier bemg gnreq
contrasty deveicpmem :

Figure C-3(f) shows a tracing for an ‘*imper{ect lens-fnm“ on low target con-
trast, produced either by lcw inherent target contrast or by overlying haze on a commty target,
or both. The resolution is only 16 hnes/mm and the contrast poor. Now, if the target contrast
is known to be good so that contrasty develapment is justified, we see that, if macroscopic con-~
trast is intreased to a density range of zero to two, the microscopic coentrast will be dropping

. in the resolution range from 3 lines/rrim to the limit of 19 lines/mm.

Figure C-3(2) shows the case of Fig. C 3(d } with very contrasty development
in an attemp! to recover vmcrcscopxc contrast. The deqs;ty range is now zero lo three, and the
microscopic contrast at about 15 ‘lines/mm is bacl{'tp normal with a density range from 0.5 to
2.5 or 2 altogether. The other micrascopid‘contraskté"are off-seale in both dirsctions now, and
the photograph will not appear to be of pleasing quality.

The varicus figures show that the m!crcscaplc eontrast of the good tens staVS
well above that of the imperfect lens, even though in the limit the resalutmn compares poly as
42 o 28 lines/mm. At a level of 15 lines/mm in Figs.C«3{c) and C S{d }» the microscopic ¢on-
trast of the imperfect lens is only 35 per cent of the perfect lens. Recognition of targets at the
15«line level favors the good lens in twa Ways: {I) the better contrast for a given number of
lines per object increases the probability of recognition; (2), the better contrast requires fewer
lines per chject at a given probability of recognition. . Then, toa, for a given object size, the ,

+  good lens can lead to recognition of ground objects of lawer contrast, whereas the bad lans must
be canfined to showing only ground ohjects of good contrast, . ’ .

Figure C-3[hj shows a tracing for an upderexposed target. Here the resolution
is limited to about 32 lines/mm where there are too few grains to form an image, Figure C-3{i)
shows a tracing for an overexposed target. Here the scattering info the spaces limits the
resolution to about 22 linés/mm. and the photograph is of poor guality. Graininess is still of
no great importance, althoﬁgh the picture rhay be unsightly because cﬁf,the, tugh density.  (Note
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that the ratio of graininess to microgcopic contrast still sets the limiting resolution observed. ) .
The remaining figures make use of only the envelppe lines where one supposes

still that the tracing has been made. Figure C-3(j) reproduces Figure C-3(c¢), and in addition

shows the desired gnvelope curves where the microscopic contrast has been restored by some

as~yet-unknown development method, The resolution cannot he recoverad at the threshold, but

gver most of the range an improvement in microscopic contrast will tead to more easily recog-
nized cbjects. In addition, the photograph will appear to be of greatly enhanced quality and will
admit of more satisfactory enlargement.

Figure C-3(k} reproduces Figure C-3(e). In addition, the microscopic can-
trast has been adjusted by a presently unknown development method. Where the farget contrast
has been lowered by haze, another envelope curve is shown where the kaze has been eliminated.
Figure C-3(j) is far beiter than Fig. C-3(k), but such is the damage caused by haze with present
emulsions.

Figure C-3(f) shows a case of "perfect lens-{ilm” with a target of low inher-
ent contrast and with overlying haze. Here the new envelope lines show an elimination of the
haze and improved microscopic contrast.

Figures C-3(j), (k) and {#) are all idealized, because as yet we have ne known
means for improving the microscopic contrast in the way that is desirable. There are eleciri-
cal metheds known in television where such is possible, and television pictures of improved
quality have been obtained in such a manner, Possibly one could devise a television method of ;
printing, but we run into drastic new dangers In any such device, There may be printing tech~ [
nigques on special printing papers that eould offer & solution. Mast desirahle would he a method
cf development that would cause macroscopic areas to be brought to a full density range for the .
film {which would eliminate haze for these areas), and with microscopic contrast improved as T
a function of resolution in the desired way. It is to be noted that, in any such technique, the
graininess rmust not be enlarged if satisfactory results are to be obtained in the fine lines.

It is recommended thal research be conducted intg the nature of any and all
techriques that would improve microseopic contrast while holding macroscopic contrast at
proper values. If this could be achieved, there would be an immediate improvement in photo-
interpreter speed, accuracy and oulput, and an increase in the effectiveness of standard equip~
ment. One could expect thal microscopic contrast to a level of 15 lines/mm would be preserved
and that the standard aerial photograph would take on an impression of high quality. Similarly,
pictures made on good photographic days by geod lenses would be extracrdinarily fine.

Since we are asking for an unusual improvement in photographic techniques,
we should point cut the need for a wethod of reducing graininess. Here it would be desirable
to replace a singte heavy grain by scattered finer ones of equivalent area. Statistical smoothing
would preserve the resolution, and at the same time the microscopic contrast should be adjusted.
If everything could be done at once, the aerial pholograph would become a greatly improved lool,

All these things point to the need for continued research on emulsions and de-
velopment techniques, as well as research on printing methods. Elsewhere, there are recom-
mendations being made as to emulsion reaearch for other purposes. A single general recom-
mendation is that active researches should be carried on toward an improvement in the photo-




graphic method, where the needs of aerial photography are kept uppermost in mind.

Figure C-3{m)} shows the envelope curves for a perfect lens at best facus, and
again for an imperfect lens focused on the one hand for best resolution and on the other for best
contrast. It is to be noted that at 10 linesfnm, the focal position for best contrast glves a much
superior picture in terms of "quality” than at the focal position for best resolution, However,
the Boston University results indicate that the focal position for best resolution will yield more
information, in spite of the lowered picture quality. Here we have a case where a bad-looking
photograph gives more results for the desired purpose than the good-looking photograph. On
the other hand, if there is much haze and lowered threshold resolution on this sccount, then at
10 lines/mm the focal position for best contrast might rield more information return, that is,
the microscopic contrast at this level would permit recognition of many targets that at lower
contrast might be lost.

Figure C-3(n} shows the case of & "perfect lens~film® for différent focal
settings. Here we see that the position of best resolution is also systematically the position of
best microscopic contrast, and that there is a steady progression of both toward low values as
the lens is placed more and more out of focus.

Figure C-3{u) shows a similar case for an "{mperfect lens-film". Here the
imperfection in the lens leads to 4 crossing-over of the positions of best threshsld resolution
and best contrast. Position 3 is the best for microscopic contrast at a level of 13 lines/mm.
The dashed curve shows what an adjustment of microscopie contrast could do to the photograph.
It is to be noted that, if microscopic contrast values are to be improved by a special method,
the lens should be focused for best resolution {Position 1).

In the presence of image movement and vibration limitations on resolution
to the level of 13 lines/mm, it would appear that Focal Position 3 might lead to better results
at the present time.

Figure C-3{p) shows the case of "spurious resolution™ and what happens when
the microscopic contrast is adjusted. Spurious resolution is caused by an harmonic agreement
of frequencies in the line pattern with image errors, where in many instances lines and spaces
are interchanged. In elaborate forms, one may go through spurious resolution twice at differ-~
ent levels.

Figure C-3({q) shows the case of focusing of a "perfect lens-fiim" for low
target cantrast. Figure C-3{r} shows the case of focusing of an "imperfect lens-film” for low
target contrast. By adjusting microscopic contrast as indicated by the dashed line, one can
recover some of the quality of the photograph despite all the underlyving difficulties.

The adjustment of microscopic contrast appears to irnply the necessity for
control over the contrast at any given resolution level. Thus, at present we adjust the macero-
scopic contrast by development. If we are to adjust the relative microscopic contrast in ad-
dition, Figs. C-3{i}, (k) and {r] indicate that different degrees of control are needed for the
microscopic contrast according to the target contrast and resolution level, This is asking
quite a lot of research in this field, but anything in the right direction would be a help, Re-
search on microscopic contrast or, more particularly, on acutance, microscopic contrast and
graininess, will pay big dividends in improvements in aerial photographs, over and abgve other
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improvements brought about by better lensas, better mounts, etc., desirable as the latter are, .
and will add to the speed and accuracy of the photo-interpreter output.

J. G. Baker
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Fig. C-3{a}. "Perfect lens-film, "
maximum target contrast, scanning slif
length 10 mm, scanning slit width 0,010
mm, Super-X¥XX.

Fig.C-3{b). "Perfect lens-film,"
maximum target contrast, scanning slit
length 0.050 mm, scanning slit width
8.010 mm, Super-XX..

Fig. C-3{c). "Perfect lens-film,"
maximum target contrast, scanning slit
length 52N mm, scanping slit width
12N mm, Super-XX.

Fig.C-3{d,). "Imperfect lens-film,"
maximum target contrast, scanning slit
length 5/2N mm, scanning slit width 12N
mm, Super-XX.

Pig. C-3(d,}). "Imperfect lens-film,*
maximum target contrast, scanning slit
length 5/2N mm, scanning slit width 1/2N
mm, Panatomic-X, optimum exposure.

Fig. C-3{d,}. "Imperfect lens-film,"
maximurm target contrast, scanning slit
length 5/2M mm, scanning slit width 1/2N
mm, Migrofile, exposed for macroscopic
areas.

Fig. C-3{d,). "Imperfect lens-film, "
maximum target contrast, scanning slit
length 52N mm, scanning slit width 1/2N
mm, Microfile, exposed for microscopic
areas.
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Fig. C«3{e}. "Perfect lens-film,"
low target contrast, scanning slit length
5/2N mm. scanning slit width 1/2N mm,
Super-XX.

Fig.C-3(f). ™Imperfect lens-film,"”
low target contrast, acanaing slit length
5/2N mm, scanning slit width 1/2N mm,
Super-XX.

Fig.C-3{g). "Imperfect lens-film,"
maximum target contrast, contragty devel-
opment, compare figure C-S(dl), Super-XX.

Fig.C-3(h). "Perfect lens-film."
maximum target contrast, Super-XX,
under exposure.

Fig.C-3{(i}. "Perfect lens-film,"”
maximum target contrast, Super-XX,
over-exposure.

Fig.C-3(j). "Perfect lens-film,"
compare figure.

Fig.C-3(k}). “Perfect lens-film,"
case of maximum target contrast, plus
overlying haze, Super-XX.
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Fig.C-3(). "Perfect lens-{ilm,"
case of low target conirast, and overlying
haze.

%

Fig.C-3{m}. Comparigon of perfect lens~
Hlm with imperfect lens-film, the latier of two
focal settings, resolution 42:28,[77micro-
gcopic, contrast improvement.

Fig.C-3{n). Case of perfect lens at
« different focal settings.

Fig.C-3o}. One side of focus only.
Imperfect lens.

Fig. C-3{p). Caseof spurious resolution. .

Fig.C~3{q}. Perfect lens of low target
contrasi, different focal settings,

Fig.C-3{r). Imperfect lens at low tar-
get contrast, different focal settings.
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THE EFFECT OF ATOMIC WEAPQONS -
ON PHOTO-RECONNAISANCE OPERATIONS

Recent advances in the production of atomic weapons suggea't the possibility
that, in a future war, a hundred or more stomic explogions may ottur within a few days' dura-
tion. The sensitivity of photographic materials to radiation from radioactive substances is well
known, and the guestion has been raised” whether phota-reconnaissance operations will still be
feasible in a period following the lerge-scale release of atomic weapons.

The hazards of radicactive contamination have been considered for three situ-
ations in which photographic operations may be seriously endangered:

{1) An aircraft passing near the point of release shortly
. after a bomb has exploded;
{2} A forward recomnnalssance base in a theater of opera-
tions in‘which atomic weapons are empiayed;
3) A manufacturingi plant producing ph6tographic materials.

1. Ajreraft Near Cround Zero
An aircraft passing néar or through the clond of radioaciive materials pro-

duced by an atomic explosion is exposed to serious radialion hazards. Experiments made in
conjunction with past tests of atomic weapons have yielded usable photagraphs on normal nega-
tive materials exposed in drone aircralt passing through the cloud a few minutes after the ex-
plosion. In a number of tests, fllm left on the gfuund in locations considered too dangerous far
human operators showed no noticeable radiation damage. In other cases, some increase in fog
level was noted, but thig effect was prohmm\rely large only in cages where radicactive debris
from the primary fallout acted on the film for several hours before it was recovered. This ad~
diticnal hazard does not arise in an aircraft passing near the explosion. )

While these experiments 'suggeat that bomb~damage-assessment and other
types of aerial photography will be feasfble from sircraft close (in space and time) to an atomic
explosion, it must be borne in mind that the tests were not apectﬁcauy designed to test photo-
reconnaissance procedures.

We recommend that carefully planned eperational experi-

ments in agrial photo-reconnaissance be performed in con-

nection with futiure atomic test-explosions to determine what

materials and procedures are least susceptible to radiation -

damage.

Buch tests should include not only measurements of radiation effects oa cam-
era film and control samples placed in the alreraft, but also work dene by photo-interpreters

*The study group is especially indebted to Mr. David T.Griggs, Chief Scientist, USAF, who re-
peatedly pointed out the imnportance of thiz question. A guantliative study of the problem hasg
also been urged in the report of PROJECT VISTA, Series &, Vol.l, p.253.




to find cut how the actual nsefulness of reconnaissance photographs is affectad by increments in
the fog level of the nsgative material.
2. Forward Recamaisa:&nce Ba;;;e

.The photographic material stored and handled at a forward reconnaissance
basée will be subject to ¢antamination from the radicactive particlea cairied in large numbers

by the air'and by the water, The selection of storage facilities and the distribution of film aup-
plies in 2 theater of operations should be planned with this danger in mind.

The worse effect will be encountersd whers these particies are permitted \‘.o
act on seﬁSiﬂzed goods over long periods. Raw film should therefore be kept in airtight con-
tainers; in the absence of efficient air filters, any radiosctive dust settling on the outside of
such contziners should be promptly removed, Magazinesg and camems rust be kept dust-Iree,
and special efforts may be indicated to enforce cleanliness in laadmg roama. Doubtful il
should be checked immediaiely before use: by processing small samples, y

Particles carried in the sugply of water used for ﬁlm processing are leas
dangercus because of the relatively short time in which they can act on unexpoaed gilver halide.
The larger partieles will be removed by the normal water filters emp}o;yed to prct.ec‘é t.he: pro-
cessing gystem from ordinary dirt. : LA

Constant-awareness of the danger of radivactive soni&mixz&{ma iz the first and '
most essentisl step toward adequate protection of reconzxmssance in mrward areaa. ;

Personnel responaible for phowgraphic operatians should .
be indoctrinated with respect 1o the hazards of radicactive
contamination. Frequent tests of the level of radicactivity
should be encouraged, and the necessary manitaring equip~
ment should be mMe available.

3. Photographic Manufacmmg FPlants

The presence of radiesc'tiﬂ material in a photographic manufacturing plant
is espacially dangerous because any radioactive particle int‘x;dduced into the film or ifs wrap-
ping materials will remain in contact with the film for the long interval between its manufacture
and use. The total effect will be integrated by the photographic emulsion, and the cumulative
damage will be severe even from exceedingly low levels of radicactivity.,

Radioaetive fallout from the éﬁmosphere after atomic explosions In the past
has given rige to some difficulties in phetsgrap:bic'manufacture, ‘but the meagures necessary-
to contro] thege difficulties are becoming better tmderstw& At the levels.at which radivactive
debrig has go far been encountered, the industry will pmbabiy be able to safl guard its products
against prohibitive damage. )

Extrapolation to the very mueh higher levels that may be encounmtered after
large«scale use of atomic weapons is necessarily uncertam, and, in the absence of any actual
expenence under such conditions, there hag been some concern over the industry’s ahility to .
maintain tontinuous productfan ot senamzed materials for vital mxmary and civilian needs., A




recent Staff Study* on this problem points to the faet that the radicactive debric from atomic ‘
bemb explosions i concenmtrated in particles that can be efficiently removed by current filter-

ing procedures, so that an increase in the number of explosions, and thus in the number of

particles, may not be disastrous. Hswever, it may become necessary in perlods of very high

activity to relax current quality standards and io tolerate a higher incidence of spots on film.

It may also be necessary in such situations to resort to changes in packaging
procedure. Radicactive contamination of packaging materiala has been one of the most trouble-
some problems faced by the photographic industry. Large quantities of water are used in the
manufacture of packaging materials at many widely separatad mills, so that radioactive debris
carried down by precipitation has an excellent chance of gshowing up as a contaminant in paper
and cardboard. A control program of considerable magnitude iz necessary o keep such ma-
terials from being used in film packaging. , ;

None of the precautions that have been outlined will protect the manufacture
of photographic materials from the effects of nearby atomic explosions. Ewven in the absence
of direct damage from blast, lengthy interruption of manufacturing schedules must be expected
after the detonation of atomie bombsg within a radius of a few miles from a photographic plant.
The logistic impact of such interruptions can be abgorbed to a considerable degree by proper
pianning of the distribution of raw film supplies within the Air Force.

C.F.J.Qverhage .

*The Effects of Long-Range Airborne Atornic Bomb Debris on the Photographic Industry,
AFSWP-102, Staff Study by CDR.G.W. Johnson, USN, 25 Sept. 1851, with Addendum dated
4 January 1952 {Secret, AEC Restricted Data).
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APPENDIE B 2
MEANS FOR AVUIIDING
FLUCTUATIONS OF BRIGHTNESS OF THE RADAR ECHO

The fluctuations in brightness of the target return which are prevalent in
presem day radars mtroduce a confasing factor at minimum, and prabably ‘reduce the ability of
the radar observer to absorb the information that is present on the average, ~Rapid-acanning
systems are, as a matter of fact, being suggested for use by SAC in Grder to overcome this dif-
ficulty. In this Appendiyz we conasider what can be done about this

All the schemes for overcoming target»echo fluctuation reduce ultimately to

the use of & wxder band of frequencies for the determination of the position of the target in gpace.

Several methods of using the wider-frequency band will be indicated, along with some of the
meriis and demerits of the various proposals :

In present-day radar, a single frequency carrier is amplnnéa ~modulated on
and off to form a pulae which is the transmitted signal. One way of ;*e&émwg target floctuation
 shorter pulse. Then the degired -
signal return may be resolved from interfering signal returng, thereay remavmg the sources

is to retain this same system of modulation, but transn

of variation on the desired signal,  This approach has the advantage that better resoclution is -
obtained, as weli as reduetion in target fluctuation. Theref, 5-a very Beérious disadvantage in

thai much higher peak powers are required. This follows as a consequence of the fact that it is
necessary to maintiin the average pawer radiated the same in the sho’tvpalse or long-pulse
system in order {o keep approximately congtant the ability to detect targem; The 5hener~pulse
system, therefore, obviously must transmit much higher peak powers.

Another method of usiog a bread fréquency band for the reduction of target
fluctuation is o use frequency modulation during the on-time of the pui;se.w In such a system.
the amplitude and frequency characteristics of the signal may be as sketehed in Fig. E-1. In’
this arrangement, the pulse width is riot shortened but there is eontained 'ﬁ:ithin the signal the
equivalent information of the shortened pﬁlse." This may be demonstrated as follows. Suppose
we pass the frequency«.mo&ulated pulae (Fig.E~-1) through a delay equalizer as shkeiched in
Fig.E-1. The characteristic of the delay equalizer is sketched in Fig.E-3. What we wiéhy o do
is to delay the energy components that are emitted during the firat portion of the pulse, at fre-
guency { )+ BY & greater amount than the delay that we give to'the frequency components [ that
are emitted at the end of the pulse. The net result is o “pile up“ the energy from all porhcms
of the pulse into a shorter periad' of time. As a3 result, ‘the troad pulse, containing frequency
modulation at the input to the delay equalizer, is transformed into a much shorier pulse at the
output of the deiay;equadizen This demonstrates that the frequency-modulated pulse is equiva-
lent to a much shorter ptlbé;' In a radar system, the transmission path fromithe transmitter
to the target and back to the receiver is entirel} linear. Therefore, it is possible to put the
deliay equalizer of Fig. E-2 in the receiver rather than in the transmitter. Thua it is possible -
to emit a relatively low peak gcwer and still obtain t}ze perfbrmance c}:xaracteristxcs assogiated
with a much higher peak power pulse of shorter duratian‘ Thege pulse»ahortemng principies
have been demonstrated in the Radio Research department of the Beh Teleph:ma Laboratories.

L




This particular system will tend to avercome target-echo fluctuation and, at the same time, give
higher resolution. Further, it does not require high peak pcwé’r to obitain these characteristics.

A third possibility is to employ as a carrier an amplitude wiavelform that has the 3
character of random naise. By so doing, there will be no coherence between the various portions
of the pulsed waveform, and it will not be possible ta produce severe interference effects on com-
bining several such signals. A ruugh approximation is given in Fig.E-4. Teo maimain good siga
nal-to-noige characteristics, it is necesgary to yse ag a carrier a band of "noise ™ several times
broader than the bandwidth associated with the waveform of the ampiitude modulating pulse: In
this arrangement, there is no increased resolution available fram the uze of the additional band-
vndth, but the echo ﬂuctumion should be greatly reduced Although a random waveform has been
ance would appear from limiung the peaks of the wavefmfm to a considerable extent. Therefore; it .
may be that the peak power required: fram the tranamitter in the "random” céi‘riew ease need fot

It may be possxble to build a radar of the iype indicated above by usmg a fre-
quency-medulated magnetron. On the oi.her hand; it may prove very desirable {o take adv:mtage
of the broad frequeney band nharaczeristics cf the travehng«-wav& tube and, perhaps, to use an
oscma&ar-amphﬁer combination for the transmitter. Certainiy, thxs ccmbmation offers lhe ad-
vantage of a great deal of. i‘!exxbﬂny not present with the self<excited Qsmlla*or This leads to -
the question of hlghvpower traveling -wave tubeg. Qt is possible to build a traveling-wave tube that
will deliver peak powers of the order of lyﬂﬂkkilowatts or more, and average powera of the order
of several hondred watts.” Some attention is already being given to the oroblem: of developing such
a tube, but this program would probabi’y benefit from the guidance of spéciﬂc ideas backed up with
experimental work on how such tubes would actually be empl&&ed to best advantage in'a radar.
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7 ; : ™ DELAY
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APPENDIX F
CATHODRE-RAY TUBE RESOLUTION

During the ¢ourse of the BEACON HILL briefings, 1t was indicated to us that
ihe cathode-ray tubes in present-day gtandard radar sets do not have adequate regolution. We
concur in this opinion. The Qresent-day standard cathode-ray tubes ﬂx‘apiay about one -half the
available information when a 20-mile range sweep is 2sed, and proportionally less of the avail-
able information with the longer-range sweeps. This wholly unsatlisfactory situation is unneces~
sary, for the available art if properly employed will produce vastly lmproved cathode-ray fubes.

Two factorg that influence the cathode~ray tube resolution are the size of the
glectron bezam when it strikes the tube face ;antik the characteristics of the phosphor used on-the
face of the tube. A guick-figx {mprovement for the present standard radars can be brought
abeout by replacing the cathedew~ray tubes with new ones that employ an improved phogphor,
Through this approdach, the resslution can be improved by a factor of about two = from 250
televisicn Unes to about 500 televisicn lines, There is work under way within the Air Force
{at WADC and Carswell AFB) and at the Bell Teleghone Laboratories {o make use of the new
phosphors. This improvement is urgently needed and should be expedxted by all posgsible means,
in view of the fact that the resolution of prcsm’:t -day radars is the fundamental [imit on the bomb-
ing accuracy that can be obtatned.

For the long term, a large additional lmpwvemém can be rgalized. Itis the
considered opinfon of electfon»beam expertd that a further improvement on the order of five lo
one, corresponding to 2500 television-line resoiution, should beacghievable. Such a tube might
he employed with a straight-line scan as part of a recording mechanism in connection with the
side-locking radar mentioned in Chapter 8, or, alternately, might be used in the normal PPI-
type presentation. There are some practical difficulties to achieving this improvemeant, but
the major research and development organizations in this figld shculd be able to resolve them,
Other difficulties might present themselves by virtue of aberrations due to mechanieal irregu-
larities in the electron gun or in the focusing coils, and lhese would need to be corrected be-
fore the finer apot could be attained. This might mean closer mechanical tolerances and some
increased Costs, Deflection defocusing, If not eorrected, might seriously degrade the resolu-
tion at the edges of the sereen, but it should be possible to compensate for this in the focusing
circuits. The phogphor itself might bave 16 he made finer, but this also could be done, Higher
valtages would be required or the cathode-ray tube, bui we are convinced that this represents
more of an inconvenience than a resl hazard or obstacle, In gene ral, it is felt thai this addi-
tional improvement cap he obtained in a strzughti’orward manner; but it will require a careful
application of science throughnut the cathode-ray tube and associated circuit design, rather
than merely new 38semblies of existing components. It may be noted that standard television

tubes have 3 r#solutian in the range 500 to 1000 lines and that the proposed improved radar
tube has & resalution apgyy five times this.

I8 order for the human eye 1o take advantage of the 2500« une resolution, it is
necessary that such 5 tube have a diameter of five inches or more.

Az Fadarg are improved, it certainly will be the trend to use shorter impulses




. for better range resdolution and sharper beams for improved azimuth resolution. In'order to
take advantage of these fundamental radar improvements, it is necessary to develop an im-
proved cathode-ray tube. Furthermore, existing radars require nearly 2500-line resolution
in order to display the available information on the 50-mile {or longer} range sweeps. It is
recommended that a qualified contractor be given the job of building a cathode-ray tube with
2500-1ine resolution, and that the associated higher-voltape power supplies {and possibly prese«
surizing techniques} also be developed for Service use.

S.E.Miller
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APPENDIX G
RADAR PREDICTIONS

1. Existing State of the Art and Uge of Copper Plates in Ultrasonic Trainers by SAC
The current practice at each SAC wing is to have its assigned targets care-
fully studied, predictions made according to methods now established, and a copper plate made
for use in the ultrasonic trainer. Each radar observer then uses this plate in‘the trainer a
certain number of times per month. It is of pbvigus value to have on the ground an aid that
simulates the actual target as it is seen on the scope in flight, that stimulates interest in target

study and that increases the ability of the radar obssrver to recognize definite and critical re-
turns. The methods established for making predictions and the copper plates have served a
useful purpose; but, since many ancertainties and problems still persist in this area, some
members of the BEACON HILL Study Group attempted to investigate the matter in some detail.
This review led o three conclusions:

{a) although the ultrasonic trainer has many inherent limi-
tations, the quality of predictions and plates could
be improved;

{1) some of the basic instructidns laid down for making pre-
dictions and producing plates are contradictory to known
farts and should be revised;

{c} there ghould be recognition of the danger of implanting
a fixed impression in the mind of the radar observer
that his target will lock very much like what he has re-
peatedly observed on the ultrasonie trainer,

Many competent radar observers have noted that even persistent returng tend
to describe orbits, or to scintillate,on the scope, as can be demonstrated in various ways.#*
This instability of even strong returns is due to several causes, among them the interrelation-
ship of surfaces of buildings. This subject is injected here because in the current prediction
practice each bullding is treated as though it existed without reference to other adjacent struc-
tures. It is commonly admitied that the angle of approach to & surface is of importance in the
specular reflection, yet the current prediction system does not recognize any effect of sireet
patterns. Irregular copper projections for the plate are made with a pin to include a large
number of buildings built on a rectangular grid pattern.” While American cities have rectangu-
lar grid street patterns, thase of target cities are more irregular, like the old section of New
Orleans. )

One of the Air Force publications deals with a wide variety of roof structures
of the U.S.5.R. Yet in'the radar prediction instructions all'roofs are ignored as though they

*Some work has been done by the Display Unit at the Aircraft Radiation Laboratory at Wright
Field under Mr.C. Colbert and Dr.C. Kober,
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ultrasonic trainer, they will develop #n indelible mental picture of what the farget will look like
on their actual bombing run. To draw a parallel to football, if & coach put his first team through
repeated drills of one play only, and arranged his sorub team to react always in the same man-
ner, the team would be inadequately trained to cope with an adversary equipped with a bag full
of tricky plays. Instead of each radar operator practicing week after week on the same plate,
it is urged that there be perhaps four or five plates made of each target city, instead of one.
The radar operator would be'told in advance that instead of geeing the familiar plate, there
were four new ones. These new plates would try to anticipate how the target would appear if
the city grew in various ways arcund the periphery of the static center. This would give a clue
to how well the radar operator adjusts hig identification of critical reference points. It would
prepare him for possible changes to the left or right of course, for more "clutter® in front of
the target, and for an ovgraall shape of the city which ke may rot have expected to see from 40
miles but which because of its relation to other positively identifiable features, does prevent
him from identifying his assigned "haystack.  There may be some merit incecasionally plac-
ing in the ultrasonic trainer a Yspoof® plate and in determining whether or not-the radar oper-
ator recognizes it as such before he gloses in too near to make an effective ¢hange of course.
If some method like this {employing several copper plates), is not used, the radar operators
are hardly to blame if they form a mental fixation as to how the target will ‘appear on the scope
on the bomb run. They then may try 1o recencile what they see on the actual bomb run with what
they remember on the trainer, rather than to relate what they see on the acope to the new scope
photos that reconnaissance may provide for them.

{f} Some thought should be given to the problem that may face radar operators

when they try to locate an aiming point in an area of bomb damage. The scope photos under
these conditions may appear quite different from those shown by the radar reconnaissance,
prior to the effects produced by earlier bombers on the same mission. We suggest that some
light may be thrown upon the problem by ananalysis of radar returng from rubble compared

with returns from undamaged buildings. As an example, if scope photographs of German cities
{such as Darmstadt) were taken before and after bombing with APS/15 by the Eighth Alr Force
in World War II, valuable clues might be provided for a study of thig problem.

G. K. Geerlings
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AFPPENDIX H
RADAR RECOI‘WAISSANCE m NORTHERN LATITUDES

The following paragraphs describe a particular lack of kncﬁiédge by the USAF
in one area, which may prove disastrous, yet the means of remedying the gap are already m )
being. : -
The route\ﬁ\:ihat certain SAC iinn.s? bombers or reconnaisance, will take post .
D-Day, require accurate landfall.. The characteristics of certain coastal areas will prave con-
fusing even in the summer beeause of the serrated pattern. There are rendezvous pointa, con-
trol points, ard cther eritical points to which aircraft will have to fly; yet thede control points
are in latirudes that may show conaiderable differences on the radar scope, depending upon the
season of the year.

Last autumn, LIFE maguazine printed some {llustrations of possible ice land-
ing fields in northernlatitudes, cunsl'sting/ of both ¢lose-~up visual obligue photos and radar-
scope photos. - The scope photos showed pasitive returns from the smooth péﬂ of the ice, this
being confirmed by comparing radar-scope photos with vigual oblique ones. This "inversion"
{positive radar returns where negative ones are expected) has also been noted by the Alaskan
Air Commarnd,” with rivers pmducing nega'lve returns in the surnmer but positive returns in

" the winter,

“Another problgm is the outline of coastlines ir very northerly latitudes. The
Royal Canadian Air Force is said to ‘have done considerable work in developing ravigation skills
in recagnizing the location of the actual shore line, even though the entire area is under snow
and ice from the landfall inquestion to the North Pole.

It is recommended that an effort be made to have all known data collected for
immediate study, that the aid of the RCAF be enlisted to contribute what they aiready know, and
that the RCAF be entcuraged to dovetail their future ﬂymg in conjunction with the USAF so that -
the maximum information can be learned from the fewest pass:ble flights.

If weather aircraft a¥e or can be fitted with the APS-23 radar, it would add to
needed information concefning variable radar returns due to seasonal changes. Most navi-
gators are going to expect radar returus to bear the same relationship to their maps that they
have experienced in more temperate latitudes. I:t'wauld be ideal if the ﬁévigatars could he
briefed by being shown a series of visual photos (vertical or ohlique) p:m-ed with radar-scope
photos, taken in autumn after flooding, after freezing bEfore any snow has fallen, after succes-
sive snows have piled up on the ice and drifted and smoothed abrupt banks, after melting and
flooding have taken place. and finally after mid-gummer with river beds reduced toonly a
tricile of water. To kave maximum utility, such a series of photas should be taken on the
same course, at the same altitude; with the same equipment, resulting in photos taken always
from above the same series of points on the grm,md

G. K. Geerlings
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APPENDIX I
ACOUSTIC SENSING TECHNIQUES FOR INTELLIGENCE USE

There is a recording technique commonly known as LOFAR in which acoustic
waves are displayed on a chart that has time on one axis and frequency of radiation along the
other axis, with the intensity of received acoustic radiation shown as an intensity variation on
the chart. This system, which is peculiarly adapted for displaying radiations that are con-
centrated in one or severzl portions of the acsustic band, was originally developed in connection
with the Bell Telephone Laboratories’ work on visible speech. The technique is apparently
very sengitive. For example, it may prove possible to detect the sound from a propeller-type
airplane at'a distance of about 10 or 20 miles using an acoustic receiver at a gquiet ground-
based location. As another example of the sensitivity of this type of equipment, it is said to be
about 50 db more sensitive than the ear at 100 cycles. This is quite striking and means that a
great many things that the human cannot hear will be detected by such equipment.’

Exploratory work along this line is being carried out at the Bell Telephone
Laboratories under the Office of Naval Research Contract known as PROJECT JEZEBEL.

It {s quite apparent that sirplanes are not suitable vehicles for an acoustic-
sensing technigue, due to the high level of ambiant noize. A balloon is an ideal vehicle for
carrying an acoustic-sensing set; but, uvnfortunately, at altitudes that are discussed for
GOPHER (l.e.. at altitudes of approximately [00,000 feet} the mean free path is on the order of
the wavelength of a 1000-cycle acoustic wave. It is thus anticipated that rather large attenu-
ations would be present, and it is somewhat doubiful whether sounds from the ground could be
detected. Al the present time, therefore, we do not see a way of applying the acoustic-sensing
technigue in airborne reconnaigsance.

1t is possible, however, that acoustic sensing may be of value from the intel-
ligence standpoint for listening for aireraft at ground stations near the front lines, or for the
detection and analysis of the shock waves that travel throogh the ground.

It is recornmended that the results of PROJECT JEZEBEL be watched care-
fully and that continued thought be given to possible uses of acoustic sensing for intelligence-

gathering purposes.

S. E, Miller
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