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REMARKS ON
T™HE W oF a
HICH-RESOLUTTION mcmmm sxsmff-?

SECTION I - WIGH RESOLUTION

What's day

This docusment addresses Liselfl to the guestion of developing s new
reconpalssance sveten ot only almed ot achisving high resolution on the grmﬂd;'-
But of recording these through high-resolution sptics on bigh-resolution p‘mtaw .
graphic materials. These remarks are submitted primarily on the basis that
Tk han developed a photopraphic materdal of extyvemely high resolution, with
a speed adequate for cameras designed to this high resolution. This film has : _
an adequate grey scale, and in an appropriate system is insensitive to radiation.

Virtues of High-Resoluei ors

Sensors with high resolution (above 1000 Hma[m) mké imibh
reconnaissance systems of small size, low ﬁc:l.ght: and requiring small mmm of :
Film. 1o addition, the wnuuum mechanical motions are mr mll«t dimmim .
vesuliion in less nbmlum vibration, thermal wntmi and pmr mquixmuu. { :' .
Weight is at a pumitm in m:mwium« systems , for alt,ima@ bigm 'hoozt:wi vﬂl
become swvailable, the load could be more pmfitn&ly uued for other ealht:emi sen~
gurg, or for fly's ove camerass cwaring wider ﬁiulth wit;!t utetea md varim -
spectral ranges. ‘

For a given ground resolution from a typical aateliite height-, the
size of the camera goes down as the square of the sensor malutmn n mlm& _
say in lines/mm. For example, with a sensor providing 1000 liueufm, 10 meter .
ground resolution can be obtained with & microscope nbjmt:iw as a lmu with a
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SECTION 11 THE NEW ITEXK PHOTOGRAPHIC MATERIAL

Charpcrariatics

The new Itek process is superior to silver halide in some a:hurm_auria-
vies . eoual in others and loferior in only one. It is very miéh'liwlef than
gllver halide in vegard to the pmgamﬁi&n of the phntosmit:iw nuz:ial* -_ :
Development is basically the same, requiring liquids. ﬁwmr, tiu Mdamnt
process 1o sore flewible, aliowing varviation of shotopraphic pru@crtt&!:to ha
achieved by sodifving the development rather than the coating, 1t i auicke
to develop and fix beecause theve 18 ne gelatin emulslon, whichAil::hn.iqutsa of

the rate-determining step of chemical diffusion, The cost of tkl yhﬂtoehllinaii
and coating is much less than that of silver halide. The cost 05 diVilupncnt and
fixing materials is about the same. The material can be uinliti:td.tu uika:it
panchromatic by the same kinds of dyes as used for silver haliﬁl. o ' . _
In performance the new process is superior to silver mm :ln hmr:ms
mh hig}nr resolution for 8 plven spend, ﬁnrtmx, at the hiahut nwlm:iﬂn '

Approved for Release: 2018/02/01 C05108508




Approved for Release: 2018/02/01 C05108508

 However, the process as it is today is satisfactory for highére_abl‘utidﬁmﬁ
systems, There is no testing technique adequate to measure the resuiﬁtidn nf-f_i:fhaj
‘material, but it is better than 2000 lines/mm (probably 10,000 lines/mm). "i:is‘ ’
Vapuaé is 25 mmaf Figure 1 shows how the new Itek material relates to photogrnphic-
ulaiqna currently of interest in reconna ssance.

:3256 -Resolution Relations

 structure of the photosensitive materials, The relationship is much more compli-
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Here spain, more aaphiatinatéd

Which can be Just reﬁml\:ed
made and will be applied. But this garameter can be uaed.i_
We have then (multiplying ¢ by 10 to put it in c.g.s. units)

1/i0cf = 8 = 1.2 /2R

Conseguently

o= 1/10F

The basic design parameter is not the focal length £, but tha one. whi:h ma:e o
nearly describes the ﬁifficulty af fahricltinu, E. This equation also shawl tha&f'
when higher raaolutian materinls are used, F nuat hn prnpnrtianataiy reduaad._ 5u_¥
there will alvuya be a damund fur improved mathadn in 1cnn dauigu. ;;:' .
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of the optical system, and the t:m of expasum. Ivla mt m see whether these

BTt 1
k F

G
]
B

and from the previous rvelation between o and P,

imi«penﬁmt: uf focal 1m51:h absolutu or mmtiul npcrt:um,. or. t:tu nlolut:m nf
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TABLE 2

Ground Resolution A for Fl, 1000 lines/mm
Nominal Altitude 100 km

4 £

in

in

1em

Hadiation Healatance

vediation effecte dus to high energy parvicles, ganma and X rave.

pass through Van Allen belts and solar flares. It is expemivu‘- to uhield'n'
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At:hmugh tha rndia!:ian, aml prevent exposure to radiation on the return pasu@e
A thz:ough radintiun after phmaguphy. The Itek material offers both avenues of
; aol.utiﬂn becauu (a) it can be ''cleaned" just prior to use, and (b) the latent
imngu mm be stabilized with relative ease immediantely after use, '
' Once silver halide is exposed (as by radiation), the latent image

. cannnt ba_ mmved without desensitizing the surface, because the silver used in
‘the dnwlamnt: cwmes from the photosensitive material itself. Iu the Itek
Av'matarhl tha phntnmmitive material is independent of the developing pt:madum’ '
Knyﬁlat:mt: inagu pm&ucad by radiatiun oy Iight before photography can t:haru ore
ha'eliﬁimtaﬂ without niguificant effent: cm nennic:hrity That this can he done

'wzl.th Iit:t:le. added equipment, !uu been &mmﬂ:mted. In upemtinn then

ahmldud nhlmber. Tn avuid amh shielding, them::ln t;he chsica uf on-bmrd
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SECTION 1II SYSTEM PROBLEMS

Image Morion

the ground, .
is a function of height above the ground, h. We sh&ll nut 5&va

aame order of mapnitude, 2 x 10 -2 vadians faec an&;daviutianu-fibg%thin can

easily introduced.

. 2018/02/01 C05108508
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-Eubsﬁiturgimn of the expressions above for t and ﬁjaivi_s}
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Tolerance in Faﬁuﬁhi -

In systems with bsall F-tmmbev mkiua m of highﬂmmlu io fi _
the tolerance in malotaining focus, 8f, can bt ulcuht&d, mﬂ i‘ _:l&pmiumly

8 = 1;1&,-;

Although this means the use of high-ﬂmlutm
rionately tighter maintenance of focal length in lblolutl vtlm

the system is smaller in dimension makes this ptﬂpﬂrtiﬂlﬂ“ly“-mill‘ t:n accwliuh.'-t_ i

Nevertheless, automatic focussing is highly desirable i.u: uttin hish-p«rfamm& .
mic uyat;am hn -

ﬂmnﬂt 'p‘ropér-

gsystems. Automatic focussing to a quarter of a wuvalenat:h i.n L d
been made operstional by use of the Bernoulli ptiucipi&*n

Photopraphic Problems

%
As the resolution increases the effect of dafuctﬂ in the phﬂtnsmphic !
material and dust become more serious, in the sense tﬂul’. m‘l:a i.nfomti.;m iﬂ 1nat: ,
per defect, . . o
Because the Itek material tmim amitivn wan ufter exposure tn 1ight, . ;
the film con be minad iﬂ full dty:lisht fat dufectn bafm:a gmkaging far use.
The mature of the mtarid lenda iﬁself to mh bnttaz' cantml u far as mlﬁim A i
dafacts go becaune gelat:in is not used (ua phctegxiphn 1 md 2} o ‘ |
In mgnzd to dirt arising frm yrocauing, it aum " shm tlmt an'y
should be allowed to sccur in a miaaiuﬁ ’ll mmﬂw as :eéom;lgﬁamm A cenhnique
has been worked out on an Alr Fume cmtrwx* ming a mnimus fnt:m:ed m&iguiy
before pmeussing which effuctively tlimi.tmt:qa all dirt duriug, procuumg af vn::r '.
high resolution phm.ugmphy Thin should ‘ﬁa adwpta& in mc@nmiuame, and wul‘d
dispose of this question. ' o '

Cantract AF 30(602) 1823, tmdﬁt mg:!izance of Xatalliganca Mhouknry, Rm Alr
Development Center (mm) Griffiu Alr Foﬁm Bau, ﬁ‘w ank, fepwmd on Jum 20,
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SECTION IV - SYSTEM ANALYSIS

of the deaigu uf a cmern ayatm, mmb:l.tmd wit:h

econnmiml raat:minta. ‘ﬂwm famulm unuld s’l:ww_ Br.: _:utufmtinul bamnnn _-x;hn

‘Afallwing camgctiae*- . .
. ;mrfumma m: fuunt:ioml

' ﬁx’}‘f"npemtlonal datémimd’z'by____eha_ tutul aystm
: '“&esign, comaquencea _uﬁ tm' aml.ynia

A A Tha perfm:mme parmtera are those which ve wiah tu nptimize in t:he ;
camra ayyt:em, to meut: ptautinal requirmntm

'i'tae moat: ﬁuaortnnt mm 13 gmxmdim_
' iresuluti.un, and a senm&a:‘y cma is field of view or cmmrage. .

The fundmntal patam:erﬁ are determined by the lms of physics. A
primaty ane 13 angular resolution, limited hy the wavelength m‘f light whiuh in
_ turn depends on the absolute aperture, 2R.

Approved for Release: 2018/02/01 C05108508




Approved for Release: 2018/02/01 C

to place our affurt.A It iﬂ a fuxthez liﬁ 'f his
the empirical parmt:ers fnm Eundmnu; i

large apertures, Foonomics also restricts thn-uaﬁstxugtlnn
systems with low F-numbers. '

or constrained by other features of the ayutsm.{'
yelpeity of the camera sve such operational gar

the syutem daui.gn. It: ia Mnm:anz t:u idmtify tlmw' athawiu attmtion “uA
development is diruct:a& tuwards z:tm wmmg fwt:aﬂ. o
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. Performance
Ground resolution

- /v) Imagg motion (number of lines)

_ Wavelength of light
~ Limiting angular resolution

Comstrained
o
Maximum aperture
Minimum Fenumber
Desity of meruals

. .
 Tllumination of film
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In the previous section we derived ﬁerta&q' 'mial:i_m_mhips between the
various types of parameters, the most 1mportant_u£Ayh;uh'a;e'rncupiCulatnd here,
First, for a given photographic material there seems toy@é:a traéeunffiréihiion;
ship between speed E and resolution ¢ o

K hige

where k is a state-of-the-art parameter defining the ciﬁdi.ﬂ;?tnﬁg:hfq we obtained
an expression for the expomure tine =

where T is a state-of-the-art parameter showing ::;he.l;hiriigdtiiq:i'a due to "ttaﬁ_aﬁi:aiii;n'_‘
characteristics of the optics. The brightness of the théétlﬂﬂigiﬁnAnyéﬁggioﬁa;- .

parasmeter we have to Live with.

Matching the resolution of the optics 'wit}i_ that of the

«Approved for Release: 2018/02/01 C05108508,
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SECTION V PROPOSED BYETEMS
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Microscope-Objective Camera

Nominal resclution
Nominal altitude, h
Ground resolution, g

Aperture, ¥

Focal length, f
Angular field

¥iln field

¥ile resclution, o
Arvea of £ilm for USA
Area of film for Moon
Waight of filsm - UBA
Weight of £ilm - Moon

are all the same, and rather small, as they .meréiye match the hﬁgﬁi‘aff&el& of ¢
eye. It should not be diffic:ult- to widen.'t;}fa field by redesign of the first




Nominal resolution
Nominal altitude, h
Ground resolution, g

Aperture, F
Focal length, £

Weight of film - USA |
!éﬁefigbt- of f£ilm - Moon

next
= %‘%
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