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PROPOSAL TO DESIGN AND DEVELOP 
D-5 INFRARED SYSTEM » 
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recording. -Only through a combinationof these advanced techniques isa D-5
_ 

Infrared Reconnaissance System feasible. I ' 
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. 
_ The D-5 Infrared Reconnaissance System reflects design constraints

_ 

- which have been determined through approximately 75 _man-years of infrared . 

system design accumulated at Texas Instruments in the past two years. Typical 
I of the constraints are the maximum scanner speed of 6000 rpm, video band- 
width of 650 kc, and a scan angle of 140°. Having applied a great deal of - 

experience to the preliminary design of this system, we are confident of our 
ability to deliver the proposed system - maximum V/H of 1.2 radians per I 

second, angular resolution of l. 0 milliradian, and NET of 0. 5°C - within six 
months after receipt of order.‘ l

" 

It is important to realize the versatility of the D-5 IRRS, which is 
modular in concept. With minor changes, the same D-5 system could have 
maximum V/H of O. 33 radian per second, 0. 5 milliradian angular resolution 
and NET of approximately 1. 0°C. The basic system will be supplied in one or , 

the other configuration and the change-over kit will be auxiliary equipment. 
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’ D_5 HAN D_5 nB|| " 

.V/I-Ilmax~ 2 sec-1 
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.O,33 sec'1 
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With the exception of Table Z-l, this proposal specifically describes the 
D-5 "A" configuration since it represents the more difficult design situation". 
The numbers will change for the "B" configuration but the techniques apply 
equally to either configuration discussed.
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SECTION 11
_

L SYSTEM DESCRIPTION 
A. PERFORMANCE AND PHYSICAL CHARACTERISTICS

. 

A 

Deterrnination of the maximum velocity-to-height (V/H) ratio for con-
V 

tiguous mapping requires examination of the parametric relationships between 
the scan mirror rotational speed (f lines per second), the number of detector 

° elements (n)," and the angularpresolutiongof eachdetector element (AG). 
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, - The proposedcompromise between the requirements defined by the para-g ' 

metric equations and the system complexity, size, weight, and power’ considera- 
; tions is listed in Table 2-1. With these parametric definitions, the NET will be 

approximately 0. 50°C for the 1~milliradian mercury-doped germanium'(Hg:Ge) I 

n 

detector. V 

. 
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- A i
' 

-- B. ' FUNCTIONAL DESCRIPTION 
The proposed system is illustrated in Figure Z-1. Major subsystems de-A 

sign characteristics and functions are described in the following paragraphs. ' 

~ l. Optical System ' 

< 
‘ The transverse scanning motion of the all-reflective, modified V 

Cassegrainian optical system is provided by rotating a rectangular scan mirror . 

' 

-A about an axis parallel to the aircraft heading. Each side of the four-sided scan 
mirror is approximately 8 by 2. 5 inches. The mirror will be driven by a motor 
at 6000 rpm to generate 400 scans per second. '

A 

A 

_' 
- This rotating element scans a total field of view of l40 degrees, 

__€;:ent,ered about the aircraft ground track. ' 

_ 
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-_ I.-'§_=. Th'e"Ge;:Hg detectoris afsingle-crystal, extrinsic, photoconductive 
device. It is a bulk absorber of Z2 to l4'micron energy. A metal plate with a‘ 
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'>-’}:_f5l;'.pf'i"_»'srfnall aperture in it normally defines the sensitive area of the detector. Another 
' aperture is placed a short distance in front of the detector to shield the sensitive 

"area from radiation outside the useful field of view. '
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. The sensitive area of the detector is then placed near the focal point 
ofpthe optics system such that it subtends -an angle 

_ K 

" AX‘ 
*. 

_ 

A? ' F . H u~ .__ 
- -

I ~j€_;¢;_where AX is the length of one side of the “sqiiare sensitive area and F is the ' 

p ;_ length of the scanning optical system." 
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. . . . . Z . acceleration of the rotating optics 1S proportional to n . To minimize dynamic 
misalignment and distortion of the optical components, a three-element array 
is best for the D-5 system. . 

_ _ 
The detectors in the array can be exactly contiguous (or tangent) 

when the array is canted perpendicular to the linear axis of the detector array. 
By locating the detector heatsink between the rows of Ge:Hg detectors, good 
isolation of optical and electrical crosstalk is maintained. Also, there is 
additional room for surface contacts and lead wires. Detector arrays in this 
configuration have been built and flight proven by Texas Instruments. j 

A North American Philli s Vclos - le cooler similar to that \ 
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induced '_'humps" in the “au_t_omativcf"gain"control circuit compensates 
for infrared background chanlgesltand a1so"fory_','apparent background changes” . 

suchas a change caus ed"b'y temperatureivariations of the s'ca.nner" or detector" - J 
itself.» The video compression circuit is a nonlinear amplifier us ed to extend" - 

the dynamic range of the infrared system. The glow modulator driver provides 
the light output for exposing the film. l

_ 

a. System Parameters 4 

. .

V 

" 

_ 

The bandwidth for a particular system depends on various 
parameters, among them resolution, scan rate, and field of view. In general: A 

Z1rN ~ BW=-—-- 
6

. 

Where BW = Needed electronic bandwidth (cps) 1 

N = Effective scan speed in revolutions per second _ 

» 6 = Resolution in radians 

This equation supposes that the electronics is the limiting link in setting reso- 
lution. In general, this is not true because resolution depends on the optical 
resolution, the detector field stop, the electronics bandwidth, and the recording 
spot size. Basically, the effective resolution on the film is the mathematical 
convolution of the impulse responses of all the parts of the electro-optical

l 

system_. Here the electronics -hasnan impulse response associated with its 
bandwidth. . 

T

_ 
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Figure 2-4. Simplified Equivalent Circuits for IR Detector 

. This says that the electronics bandwidth, no matter how great, 
willalways have an effect on system resolution. It is only a question of when 
it becomes appreciable". A value slightly larger than thatrgiven in the equation ' 

is found to be adequate. 
l 

~
- 

b. Preamplifier ' 

_i

H 

" The purpose of the preamplifier is to obtain the best noise 
characteristics from the infrared system-. It does this in two ways. First, by 
rnaking maximum use of the detector parameters; second, by providing sufficient 
gain to make shielding and noise characteristics of the following stages less 
severe. 

V 

_ 
A simplified equivalent circuit for an infrareddetector is 

given in Figure 2-4. If we assume that the equivalent current or volt age 
generator faithfully reproduces the information scanned (or that its frequency 
response is ideal), we still note that the frequency response at the output is 

- limited by the R and C of the equivalent circuit. ‘This problem can be overcome 
-in several ways. One is loading by a resistor R1. While the original 3-db A 

frequency was 1 , it is now .1/2.1rR‘C, where R‘ = R.R.1/ R + R1. 
21rRC ' 

‘ 

» 
' * 

'

. 
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' 

So~l0n‘g~as the -equivalent-nois ea-ofhthe preamplifier i-s much below-the‘ detector 
noise, the preamplifier does not appreciably detract from the system perfor- ~ 

mance. This was found to be the case with the RS-7 scanner, and the noise 
figure of the preamplifierr as defined by, t. 

g

" 

i S/N in 
p 

Ni " >201°g10 S/N out 2 _ 

was found to be less than 1 db. Therefore, the system was found to be nearly 
"detector noise limited." 

c. 
2 Avutomatic’ Leveling Circuit 

_ 

In general, ground information of interest is the relative 
radiance of objects, not their absolute "radiance as in a normal phO’£0graph.> 
In ordinary photography thisbackground change is taken care of by changing the 
exposure. To accomplish exposure control in the infrared mapping system, the 
system must be effectively "A-C- coupled" from preamplifier to film. 

However, another problem arises. The video information 
appearing at the preamplifier output appears as shown in Figure 2-5. The 
scanner looks at the ground only during the active portion of the scan. Part of 
the other time it looks at the casting orgat the detector itself. ilf this waveform 
were fed directly into a light-modulating amplifier, then the average light out- 
put would have to be constant, because it is an ac coupled video system. Any 
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changes in the waveform, representing 'chang'es invcasting temperature, ground 
1"’_?if§_"¥é1_£q5er'a£11"re. etc.§ wouldkshift the'e>épo'sTire"H1i'r‘ing ;1;_§,s‘¢s1s1\ video time. '~-What‘ 

is needed is a”leveling circuit'Y which senses incomingradiation only during the 
active‘ video time and disregards all information outside the field of view. The. 
circuit shown.in Figure 2-6 performs this function and was us ed during the test 
of this video processing scheme. The series transistor is turned "on" only 
during the active scan period and is off the remainder of the time. A simple ~ 

analysis shows thatthe output point is tied directlylto the input waveform during 
the active scan and left free to return to the voltage on C during the unwanted 
portion of the scan. But RC forms an integrator and C is charged to the average 
level of the video during the active portion. Therefore, the output waveform is 
returned to its average level over the field view. The circuit performs much 
like an automatic exposure control on a camera. '

- 

Similar in function to several circuits used with other infrared 
systems-S, this circuit has the advantage of being much simpler. It does not need 
adjustment, is much more stable, and can accept a much greater range of sig- 
nals than other circuits. A typical output waveform is shown in Figure 2-7. 

d. Automatic Video Compensation
_ 

"Humps" which occasionally appear in the video are believed 
to be caused by the air through which the infrared radiation must pas sn. Energy 
received from the edges of the scab has toipass through a longer distance of 
cold air than energy arriving at the center of the scan. As expected, an" 
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waveform similar -in s ape_V1;§5';t1§’é';j1axp¢¢,cea;1;qrgip,*?"f¢1i;1§ag¢f¢ri;tics is generated. .. 

A controlled amount of this '"correctionIwavéform is summed into the video ~ 

unti1JaA"hump detector" is at deite'c'tHor"is"av'gat5d'samplirig*' 

circuit which analyzes the average ‘valued of the video at the center of the scanf 
and compares it with the averagevalue at the edges. The response of this '

' 

system is made as long as it is possible to make a system using srnall‘ electro- 
lytic capacitors and still maintain temperature stability. Its. time constant isb 
on the ordervof about 4 seconds. ' 

- 

T 

' 
' ’ 

-

u 

_ 
e . Automatic Gain Control . 

' Just like an automatic leveling control is needed to take care 
of slow background changes, an automatic gain control is needed to correct for 
slow changes in the peak-to-peak amplitude of the signal. These changes can 
be due to many factors, among them atmospheric attenuation, day-to-day changes, 
changfes in the detector caused by changes in the operating temperature of the 
cryogenic cooler, or simply by the type of terrain being mapped. The automatic 
gain control senses the signal component of the video information in a range 
of frequencies and adjusts the gain correspondingly. It has the capability of 
correcting’ for approximately a 30'-db range of input signals. Its response is 
fairly long, being approximately 4 seconds. A shorter response time than this 
was found to have an adverse effect on small, sharp targets. 

Automatic video compensation precedes the automatic gain, T

. 

control. Failure to do this would result in gain controlling a possible hump, '- 

which is not really videopinformation but system generated- effect. - 
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f. - Video Compression 
This circuit is basically a nonlinear amplifier and limiter. * 

Shaping of its input-output characteristics is done with diodes breaking at pre- 
s et points .

_ 

Video compression has two main advantages. First, it pre- 
vents the following amplifiers from saturating on large signals by providing a 
form of gradual, controlled “saturation. " Also, it keeps the film operating in 
its proper dynamic range. Secondly, the gain can be increased considerably, 
bringing out less pronouneédhtargets without the usdual“ adverse effects caus ed__\ 
bYfi°°i mush gain 1* tends ifidsfaévénfinsts; 195212.¢$.%€i°sl.F<>.ssi*1I°r,
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di1?%*11i8h'f‘ ‘is )-J1‘ _'??Tff¥?YP“»i5?%?*;:l'?'°?d l9§": 

onegchannel of video C_onside_r;""F§1'fie__finomentfifioperation of the. '- 
modulaltor set. The modulatxeldfiliight fluxdfrlornd the th'rieeVA:_§_:ou_rces pavssesl through 
the'_',exposu‘re“c0nt‘ro_l filter andfa":‘"§etT“§5fTcoi‘ripensda't'ion'slits 'or'f'a rotating'd"rurn'to' 
flood the entz-anc_e"of a stationaryfiber optic asse'mbly;Y',_'., ~ ' J 

; 

' 
‘ 

f 

j' 

_ 
This light is transurnitted throughnthepfiber optic to the exit V

. 

end which is mounted at the center of rotation of the compensation drum. The 
fiber bundle is so constructed thatthe light emerging is confinuedlin a 90-degree 
cone. The exit end of the tapered fiber optic is imaged on the photographic film 
by a rnicroscopeobjective which is mounted on the rotating drum. There are 
four of these objectives mounted at 90-degree intervals around the periphery of 
the drum. These four microscope objectives correspond to the_four sides of the 
scan motor shaft so that the recording objectives rotate in precise unison with 
the scan mirror. -

4 

The film is formed into a circular arc by a platten and, as the 
drum rotates, the three individual images expose three parallel lines across the 
full recording width of the film. The exit end of the fiber optics is so designed 
that each of the respective images is contiguous with the adjacent image. 

_ 

There are several pecularitiesof the multichannel recorders 
that are not found in single-channel devices. One of these is transferring infor- 
mation from three separate light sources through the processing optics and 
arranging these sources on the film so that they appearcontiguous. This is l 

accomplished with a. three -channel, tapered, fiberj-optic" assembly that rearranges 
the sources such that their images correspond to the det_ect'or array“ configuration. 
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o Another problem inherent in three-channel recording systems 
'5' his that of banding. ' Banding is primarily an exposure control problem. Figure 
;.;‘.‘;"~ij;12-lA0‘illustrates the basis of the problem.” Two successive scans by a three- 

channel‘ recorder that is pfllling film at a rate below maximum are illustrated. 
;_1j;£ ;;£;: In thiscondition, the exposed emulsion from the first scan does not move ‘suf- 
5‘ ' 

“- 
4' ficiently far to be missed completely by the second scan. In this case, the last 

__( channel of the first scan is over-lapped by the first channel of the second scan, '“ ' thereby creating agband that has twice the exposure of the surrounding area. 
This overexposure will be repeated periodically. Essentially the problem is 
one of channel-to-channel, rather than line—to-line, over-scanning. 

y 
FAR effect is another serious multichannel problem in wide- 

angle scanners. This problem concerns the ability of the recorder to reproduce 
information at larger scan angles and will be discussed in detail shortly. 

I 
These are the problems associated with multichannel "recording 

'__i systems that are different from those of single-channel systems. Unfortunately,‘ ' 

I 

all problems suffered by single—channel recorders are shared equally with their 
' multichannel counterparts. Accuracy in alignment, sufficient light, jitter, 

s 
y 

maintainability, and reliability are a few of the common" problems.‘ A 

l -
r 

s. x . 

'0 

. 
A-i~*"1J"CONFIDENTIAL 14 -_ 

I Approved for Release: 2020/12/28 C05752557



Approved for Release: 2020/12/28 C05752557 

CONFIDENTIAL Proposal No. C126 -CP65 

b. Recorder Component Operation 
(1) Collimating Lens System 

' 

- The purpose of the lens system is to provide collimated 
light to the fiber-optics system. This is necessary because of the extremely 
narrow acceptance angle of the tapered—fiber bundle. Also; the parallel light 
will cast a sharper shadow through the compensation mask. ‘

Q 

‘ ' 

. (2) Compensating Mask
V 

' 

t The purpose ofthe mask is__to allow selective_Villu.mination 
of the entrance end of the fib'er_bundle. Starting from zero-js’can_'ang1e,,;the‘mask 
i1lu.mi>‘-“=65,PrQsr<="iYs1$*".1i5f °?:;¥hsi.-,fibssjfthbiléiit?*é”.i1li¥i1?iIisisd isrssilsf 
the fib." **a"51a.."e-5 .a¢-?°$i?- th? '§i.5?i.§J¥“f.n°l£J{7TPi$.?'1*?s¥i$.?§§i§¥iI?€%§l¢7l¢§’i5¢Iid S‘-iii ‘>15 5? 
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‘Ch? 
if §’ids° 'im5dfi1?“t¢d 

A 

light <5‘? iii E55 .»’"‘ii'T.7 
thatiit appears comef is 

__ 

lb. 

aligned tape 1~ed';;m'>' sfr b\1n<11é'.jF5'. Th,2!§‘f_‘;i1§;i1§{¢a£"’;5r6§}i¢i rieirnagiiig" 
the compensation ma'sk>iin.‘itlie‘.Aandithe tapieri iprofii; 
vides a wide angle of _divier'g‘e‘rice_ at the exit end of .b_u.ndle so that the hobjéc _; 

" T
‘ 

tive is constantly illuminated throughout the entireMreco'rdinHg angle“;
T 

.... ..... _. .....-¢ . _. . , . __ _ 
"\ .- 

. _ _ . . 

(4) Microscope Objectives " " 

_ 
A 

- 

I . 

V ~ 
t The microscope objectives focus the light energy from " 

the fiber bundle to the film plane. _Since the fiber-bundle end is on the. axis 
of the rotating optics, the objective is in focus throughout the entire recording 
scan. ‘ 

~ - _4 j_
' 

' ‘ (5) Modulators _ 

- 
t

_ 

. A cold-cathode glow discharge tube is proposed as the 
recording light source. This current-controlled light modulation device ha 
been proved in ‘a series of infrared line scan systems (RS-7, RS-9 and th 
series) and is currently used as the recording light source in the AN/AAS—l0 
(XE-l) multichannel system. 

_

Q 

(6) Film Drive - 

' The range of the V/H ratio requires a film drive system 
with a 60:1 dynamic range. This capability can be provided by incorporating 
a slightly modified AN/AAS-18 film drive subsystem. This system isdescribed 
here.

V 

g 

The servosystem is essentially an amplifier and motor 
generator regulator loop that uses the input voltage from the V/H servosystem 
relative to a reference voltage to achieve linear speed control. Figure 2-ll is 
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the block diagram of the system. An ac amplifier is connected to the control 
phase of a two—phas_e servomotor. The motor shaft is connected to a generator’ 
whose output is a 400-cps voltage with an amplitude that is proportional to 
speed. The generator output (opposite in phase to the V/H input) is fed to the 
amplifier where it is compared to the V/H input to produce anverror signal. 
This error signal is amplified to drive the servomotor. The V/H input and 
generator feedback signal (opposite in phase) are fed to a preamplifier, and the 
error is amplified to a level sufficient to drive a phase-sensitive demodulator. 
The demodulator output contains a dc component which represents the in-phase 
error component and an ac component which represents the quadrature com-A\‘ 
ponent. The ac component ipsgeliminatyed by a_ resistor —_capapcitor'd filter, so tha’t,~< 

nit will M same filteifodt d¢i"é~it:>ut tti§t*:*%<:=¢¢1@v¢rt#t<%¢cfww‘ 
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rnotor turns a roller ‘the film tl"l:e__r_n_“aga2ine.VLl S0 -V 

that film tension may benirnaiiitjainied in the_1iiag;iz1_1i¢'; fiilm'ls“upply_ireel is - 
‘ 

_

l 

restrained byA_a>__br_al_<,e and th_elt:a{_l§e-up reel is“ driven b_,y'pthe'tal<e-‘up m'<>tor; '- The 
film drive motor is coupled tolthe take-up reel shaft bya malgneticilparticle A 

clutch.‘ The film supply reel andlbrake are restrainedby magnetic particle ' 

clutch (coupled to thebrake). The torques on the two reels are varied with the 
amount of film on each reel by mechanical arms thatsense the diameter of the 
spool and film and control the amplifier input.to the magnetic clutch and brake, 

u I 

(7) Auxiliary Data 

av: 
._ 

'- In a manner similar to that used on th D~3 and D—4, 
time data will be printed‘ _0n one margin of the film. .

' 

' 

c FAR Effect Compensation 
The fixed-axis resolution (FAR) effect is a problem associated 

with any line scan system which scans a flat object plane at a constant angular 
rate. This effect arises from the fact that, as the resolution cone scans farther 
from the line of flight, the ground area viewed increases. In single—line 4

~ 

scanners, this effect manifests itself as the familiar "bow-tie" degradation. 
In the conventional system, this effect can be tolerated be- 

cause the limited degradation it produces does not compromise the value of the 
imagery. This is not true when a multichannel capability is required, in which 
case the FAR effect produces ambiguous and distorted imagery. A solution to . 

the FAR effect must be provided in the multichannel system if it is to produce 
useful imagery. ‘ 
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The recording system described here has been designed to 
eliminate this effect. Flight tests have proved that it does eliminate it. 

l FAR effect is a problem associated with a multichannel, wide- 
angle line recorder. Its solution is concerned with preserving the resolution 

‘ capability of the recording system at scan angles greater than 50 degrees off 
the nadir. - 

_ 

'_. Before discussing FAR effect, it may be illuminatingito refer 
,‘ to single-channel scanning-recording relationships to supply some background 
'-;”i,iv:;;-:;I;?;=_to theilproblem. _Figure 2-12 illustrates a' single—channel‘ line" scanner mapping 
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g A 6 is ;:'iigu1a'; res olution‘ of the scanner
I 

‘ 6 is the scan angle. * 

.

_ 

;-__;_~; Hence, for a l40—degree -full field of view, the width of the ground resolution 
element along the direction of flight at the scan limit is threegtimes the width 

. ‘I 
'2 

fat the flight line. 
l 

The recorder does not exhibit bow-tie distortion because the 
. 

V 

I film is formed in an arc of a circle and the recording optics rotate inside this 
2' 

' arc,‘ When the light source is imaged on the film, the spot image remains ’ 

l ~constant size through the entire scan angle, since theusource remains constant 
size and the optics remain a constant distance from the film. This results in 
a straight, constant—width line across the film for each scan. I 

As the aircraft moves over the target complex, the scanner 
"sees" the target on the flight line on the third illustrated scan. This infor- 
mation is transmitted to the recorder, which images a dot on the film at the 
proper place. On the same scan, the scanner also sees another target» at the 
scan limit since it also falls between the same envelope lines. 

The recorder puts a dot on the edge of the film to represent 
. 

"' 
- the target. The aircraft and film both move forward one resolution element 

. 

“before the next scan. The next scan does not include the target on the flight 
line but does include the scan limit target. This target still sends a signal to

\ 

. p.» _» 

V _ 

_
_ 

. 
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the detector and the recorder, which puts a second dot adjacent to the first dot. 
On the next scan,» the target is still in the field of" view of the detector and 
another dot is imaged by the recorder. If another scan were made, it would be 
found that the scan limit target is finally out of the field of view of the scanner. 

' 

' Returning to the diagram, note that the target on the scan 
limit was recorded three times and appears to be larger than the target directly 
below the aircraft. This is not caused by some deficiency in the system, but ' 

~ 

_ p 
by the fact that the ground resolution at the scan limit is three times larger 

_ 

<'»_ Mlthan at the nadir because the target is three times farther away. Also of 
iIl..,.,,.1=¢sr=$t is i*ha¢,#hs.,¢e.#gs€-if.a1th<>ss11¢n1a_*%ed' is Plscsd Pr°P¢..r1v- _ 
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1‘_s’_rs canning contiguous to” the Cl6]Z(‘3C'£_0rS=,_0_1‘1_4,_e><'r!.Cl'1‘S1d¢: qféits elf , M no detector O -H 

any one __s rain ov/e'r'ed by ar';<>th*er’*_d etector.fg: Therefore, V 

s‘ '_the' c ente r _chan'nel’ ‘g row s_f*'_it pus he sf! the inne r ed gefof . the” next channel ' ' 

a outwa rd. As that channel "grows‘lin"'s_iz’e,‘_ it mus t push the oute r edge of its , 

" 

Q, envelope out still fanrthe r." This ' results in the s can pattern illustrated. As 
»-5 the first s can is made, channel 1 s ees the ta rget s omewhat in front of the - 

aircraft. The " recorder receives the signal and puts 'a dot on the film edge for 
_ 

- channel 1. - On the next -scan, the aircraft and film have movedpforward five “- 

' 7resolution elements, 
A 

and the aircraft is abreast of the target which is seen by 
channel 3. The recorder dutifully records the target at the edge under channel 

' 

3. On the next scan, the target is seen by channel 5, which is looking somewhat 
behind the aircraft. Again, the recorder performs its function perfectly, " 

leaving a dot at the edge under channel 5. Now, for one target, there are 
three targets separated by two resolution elements each. Obviously, this is 
not a true representation. When the aircraft is flying at a V/H such that it‘ 
moves forward only one resolution element per scan, the recorder shows 
the target to be 15 times as large as the target actually is. When the aircraft 
moves one resolution element, the film moves one resolution element. It takes 
15 scans before the target-is removed from the field of view of all detectors. _

t 

On 15 successive scans, the recorder puts a target on the film, seldom putting 
A it at the same place. One small burning outhouse at the scan limit would 

‘ 
. almost give the appearance of a forest fire on the fiLm._ .
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' Correction of this problem is possible. Figure 2—14 illustrates 
the method of solution. In this figure, the same scanning pattern is_ employed, 
but the recording pattern is drastically faltered. Instead of recording with 
straight, constant-width lines, each channel on the film duplicates the pattern 
of that channel on the ground. As thejresolution element on the ground grows, 
the spot image of the channel on the film grows at the same rate. As the outer 
channels are pushed out on the ground, the outer images on the film are pushed ' 

out at the same’ rate. In this way, there is a one—to-one correspondence between 
channel location on the filmjand channel location on the ground. - 

_ 
_ 

i 

V When the aigrcuraftflscans the first time, thetarget is seen by\_ 
¢ham=e1 1 and recorded on ii11r<i‘HsW.¢v@r» the Chsssslis 1,-image. j1“s..$. .bss1i..,sh°v¢9 
out considerably, and. the dot placedg conspideragbly A’ 

*' 

'1'>1a¢e<1 in the five-channel___r e¢,6£ae1=':; iilgijlsni;-=1"té;1§ in“ Fi'gu're“2é 1'3.-‘%i,o__1’1 ¢h'éfi;g'é¢’bnd 

s can, channel 3 s ees the targ as s_hown;f§-AuVl[,ith, 
eaeh recorded target is 1>1a=ed(';b¥i‘i1§f¢fi$ff§bfrhsiliiirevibuslv ¥,¢¢¢'i¢1§.d"- 
t=sg<=.tr1srtlre¢o:ded three .13im.é$ it_.‘a¢f11s11Y." is 
s¢[<'=‘f1'r's.fs'- This was .111? we Sin's1.<-=_: fi’jF’f. 

~ one slide$iré,b1i§ia£¢‘é“tii.is of this method isssssslfbvsilssqsseg 
at'large_ S_Can_ angles. /Asp "f<';an-_'i3i§"§i‘§§e;i‘;f§?;h_¢visage: has‘;been"iAsidanfl§§1i§jir_é¢=.tim‘é's,- , 

h‘e'nc__e the exposure in that that ii 

"V

_ 

in the center of the map that h'a§*'5éé£i-"s"E5n'ned once.” If no“’¢¢r‘re¢:i¢;a"’v&é5e’ I 

made, the result would bela with shaded, overexposed are3$.if 
The most straightforward correction is to keep Fall effect co_rr_e_ct_ion but 
elirninate the overscanned areas.’ ‘ 

" 
- 7 

Figure 2‘-15 illustrates the method of accomplishing this. The 
straightforward method was us ed and the overscanning areas were lopped off. 
Now, instead of each channel expanding over into a different scan area, they" 
are constrained to expand between two lines. These lines define the total line I 

width recorded each scan. At the V/H shown (contiguous), there is no over- 
scanning between channels or scans. (The exposure problem at lower V/H 
ranges will be dealt with later.) FAR effect correction is maintained since 
only one target prints _out._ This indicates the recorder is not limiting the 
resolution throughout the scan. 

All that remains is to design a device that records in this 
manner. The necessary components are the recorder drum, microscope 
objectives, compensation mask, and fiber optic assembly. 

-The recorder drum is an aluminum cylinder with mounting 
fixtures for the four microscope objectives and four compensation masks. ' The 
1'niC1'O'scope objectives mount to the exterior surface toward one end of the drum. 
The compensation mask mounts on the interior surface at the other end. The 
drum assembly, microscope objectives, and compensation masks are the only 
recording components that rotate. All other components, particularly the 
fiber optic assembly, are held rigidly and firmly. The microscope objectives 
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D Figure Z-16. Oblique View of Fiber Optic Assembly 

image the exit end of the fiber optic on the film, the compensation mask covers 
the entrance end of the fiber optic in a manner to yield the correct scan pattern. 
These components will be taken up in detail later. »

- 

The fiber optic assembly is the heart of the recording system 
Figures 2-16, 2-17, and 2-18 are three views of the AN/AAS—1O fiber optic 
assembly. Basically, it consists of five aligned fiber optic bundles of different 
cross sections that are tapered 5:1 from entrance end (large end) to exit end. 
The optic assembly mounts to a shaft inside the drum. The shaft exits the 
drum through the back drum plate and is held rigidly by the recorder housing. 
The optic is designed such that when mounted in the drum,- the exit is on the V 

axis of rotation of the drum in the plane of rotation of the objectives, the en- 
trance end is very close to thecompensation mask, and the individual channel 

~ 
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T bundles are coincident with the compen- 
sation mask slits. ’ With the exit end on - 

the axis of rotation, the microscope ob- 
jectives are maintained at a constant 
distance from the exit end which serves 
as an object for the objective. This 
allows the objectives to image the exit 
end on the circular film plane and stay 
in focus throughout the entire recording 
ang1e.f_ As“ mventioned lbefore. the fiber.‘ J

- 

1.»- 
-F*.=f7 

‘?V#-—-'-—,——-—~-'—‘»~- --'.—v-F'*"-Y ~—.~'1r-—’_m"**-’""—~-'---=" -"-~._-<~. "\_-'-r-;»:~ -*:-.-. <.@._ ._-<;.:. .11.; .:,-_ 
_ 
..-<> '. _. , - =1 .;,.;-_. _,.-.‘»;,.'. _;,-.- . , ,. _- .. ._ _, - 
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.». .> ~,;-.-. : . -» =\- _, '=- _-1 . ;v - 

, 
_ 

v» 1 >4 I v-.~:»».»~;_~.-i,...,,-._=,~,. >_ __ . . _._. _ H T 

‘ 

~. .,- . ,_ M: _ 1 V. . ., .._ ,. , ‘ . 7)., 
< » a . . ~- _, ~ .., -,,. .. _-,.......a~.., .. ,. ,_ .., ., .. ;. . _. , . . V 

9fl.?<.%.l_.@ifés?1i;éqsé;£§> 1.-.‘.”.‘?.‘.1__.1.":1.§i».l?e,l‘.~§1j§'i' 
"' 

diffic"“ult'to"”w‘6‘rk"”with’at7the enersa¢¢‘ A 

1 ‘~Compenislaitioii‘Ma's1;‘.§j#"§»?}1;é. _._. _ , t , . 
_ 

. ; 

Y 

V 

, 

-" where. otherfunctions such as FAR, . 

' ieffectuycornpensation takijnigliplace. Theimage: °£_£s1_~.¢--. l
' 

it 
I rnitting ability of the fiber optic allows compensation for FAR effect and banding 

to be accomplished. FAR effect is>'lachiAe_ved by transmitting an image of the
_ 

.§;ompensa‘tion mask to the exit end. Thesame is true ofthe banding filter. _ 

The 
' 

-~ technical details of the fiber optic are discussed later. ’ A

_ 

. 

' 

“ 

_ 
The AN/AAS-10 compensation mask is showniin Figure 2-19. 

The white areas are slits and the rest is opaque. The mask is photo-etched - 

from 0. 006-inch‘-thick steel and then mounted to a curved bracket which con- 
forms to the inside diameter of the drum. Of interest is the slit pattern. This 

' is the same pattern as shown necessary in Figure 2—l5 for the recording traces, 
the only difference being that each channel pattern is now separated. This is 
accomplished by imaging the separated patterns on the entrance ends of the 
fiber optics, transmitting this to the exit end where the patterns are again put 
adjacent to each other, and imaging this on thefilm. » —- '" ‘ ‘ 2‘ 

Figure 2-20 is an illustration showing the sequence -of events 
through one scan that allows proper recorder channel traces for FAR effect 
correction. The top figure shows the mask fiber optic orientation when the 
angle of scan is zero. Note that channel 3 fiber optic element is three times as 

A 

large as eitherychannel l or channel 5's element. Channel 2 and channel 4 are 
" twice as large as channel 1 and channel 5. However, at zero scan, _the__ mask 4 
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has. allowed channel 1 and channel 5 to be completely open. The outside ends 
of channel 2 and channel 4 are masked off as is the outside end of channel 3. 
At this position, each channel has the same amount of area capable of being 
illuminated. The light impinging on the open areas is transmitted to" the exit 
end as shown to the right (Figure Z-20). 

A The two far outside channels (channel 
1 and channel 5)are on each side of the middle clannel (channel 3). Channel Z 
and channel 4 are below. The light areas of the array are the areas of each 
channel that are not masked off. Hence, there are five small, square, equally 
sized light areas whose edges are adjacent but offset.“ This is imaged on the 
film by the microscope objective which leaves a spacing of squares on the film, 
Theuvlines on the schematic of the film_repres'ent the" edgesfof thevarious light>' ' 

areas. The next sequence showsf ¢1'~;¢_; mvask'as(_it has;__rotAa(te(d_'past the fiber _,-1";-'
A 

optic to where it corresponds: to of “ channel"3lA§_=_1§'_;_' 

ghasi openedup slightly on each _Z'i'a'nd ichann\el_
V 

4 have been covered up by of _chann_e_l' 
p 

However, channel Z1 and channel 
iofjthe fiberioptic, andthey ar"jé'l ¢£»‘éq'{{aI'if ism 
5}..rl?¥E'=1Y¥=§ béiéii ¢1'°$-ed“ *5°nS.i¢1¢rab1Y%- ",»-Thi_§{i’m?€.§?§>?§i§§f.h‘¢.¥T".tIsnéiilitted 
@1i.d1‘asi,sh@w1i-' .A$,tbs,f <>1t'~"-*=-- the sdges,.‘".Qi.l¥=s¢h;.ijs1I@§i§4i_s1 rs, Contisfisusj-,5-T: buf.;¢.théir’f§"?-ali= 

Yfsisfité P¢¢ifiOi1‘s5d %i¥"i<-=4 in ’tB¢.la.r'¥Té3?“ill5sY=§7 
film, 5' and th e r e co rding" patte b egins to '¢rn_e"r' g e 'otlie"r three s can .» 

a£1g1"e§,' the same thing is happening‘§'_"'v As the ective rotates 1555;" 
the film and the FAR effect compensation mask rotates p5§t"f:;t15e'£11m and the '1 

FAR effect compensation mask rotates past the entrancheselnd ‘of the fiber optic ' 

the proper recording‘ pattern is "‘lwip—ed"iVon“the film. ‘This inethod is completely’ 
satisfactory in that only the microscope objective and compensation mask. move 
and then only in a smooth rotational motion. All other components are held 
stationary. Once the compensation mask is adjusted to the properllocation with » 

respect to the fiber optic, no further maintenance or adjustment is necessary 
to keep the FAR effect compensation system_operating. Figure 2-21 is a 

l

. 

section of a map made during an AN/AAS-10 flight test. The area shown in
l 

the map is Carswell AFB in Fort Worth, Texas. The mapping aircraft altitude 
is 10, O00 feet above the ground. The section shown is between 60 and 70 
degrees off the nadir. The distance to the parked aircraft on the map is 
approximately 5-1/2 miles. At this distance, the ground resolution on the 
direction of flight is 15 feet. Examination of the map reveals the swept wings, 
tail assemblies, and other details of the aircraft. This degree of resolution , 

and detail would be impossible at this large scan angle without FAR effect 
correction. Examination of other maps made in the course of the AN/AAS—l0 
program reveals that FAR effect correction does nothing to deteriorate any 
portion of the map but does indeed enhance the information at the edge.

1 
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Figure Z-21. ‘Infrared Map of Carswell Air Force Base 
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d. Recorder Resolution - 

In general, there are four major factors that determine the 
resolution of a recorder of this type. These are: T 

Angle alignrnent 
Track alignment 
Focus ' 

. . Jitter. V 

' 

-

' 

_. The first two_ are concerned___with’.thevvlocajtion of each micro‘; 
scope objective with all other;iobjective_s. f

_ location“ of all objectives wic1;;ji{e,s15'év¢,t 
with the short—term phase, __and,_l_the recording 
objecti've's. _~

_ 

9°.lS1,°“81_'¢,¢ § a_fr°m-,9???‘ a.dJ' =¥1f¢?§t=1f9_F>i l§¢FiY-'¢3 Fhei *5? 
mi.i"Y¢.r,-will-_be' leokirig at "¢h'él"5anié. P<$ifi¢.‘¢ii ti?-”'€é"rY€3iifiI§1‘;f,§*?E?$é,".?,°lies‘???bf 
réiiaiiifiri-‘TI: If the"S5éiiiief'_vd?§€??'é.;.'¢*?i¢’.Ifirsas 
¢1¢e',§i1_1 lrnecordbtheseitarig 1 ._’0 finiui1%;E1{:;{1>iiT'f§,é‘js'éE§§f,é§£i§§j th;_m_._fI,_lW_hen_ £11}-_=._§‘_ 

scanner rotates exactly_9Q"degr‘ele:sl,»i_it ‘c ages‘-'6‘ these" '

l 

the objective that records for_th_“atlrri_irror face pair is outiofialigiinient, l. O_
‘ 

milliradian. it will displace thellocation of the targets thantlamount. Hence, it i 

will 'f'é'coi‘d ‘between the "ewe targets“ already‘ recorded, and only ‘b£e’1i'r‘g"e 
target can be discerned. This would ruin the recorder resolution in the 
direction of scan. '

- 

The recorder can be aligned easily to 0. lmilliradian in angle 
and, with extra patience, to 0. 05 milliradian. This degree of alignment is 
important because all other factors such as film resolution, slight variation 
in focus, etc. , tend to decrease the ultimate resolution of any recorder. The 
additional error of as much as O. 4 milliradian in angle alignment would pre- 
clude the;resolution of 1. O-milliradian targets. 

Track alignment places each microscope objective such that, 
if the fiim did not move, each objective would place its image on film directly 
on top of the previously recorded image. Error inutrack deteriorates’ recorder 
resolution along the direction of flight. Alignment of track can be made with at 
least as much accuracy as the angle alignment and is considerably easier to 
achieve. -

' 

Other than static track alignment (moving each objective into 
alignment relative to the drum) precautions have been taken to ensure that the 
drum does not move along its axis relative to the film.‘ The drum support 
bearings are preloaded, thereby removing their axial play. 

j

' 

Focus in the multichannel recorder isthe most critical of all 
adjustments. It affects resolution in both scan and flight directions. Because 
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of the necessity of gathering as much light as possible, an objective with a high 
numerical aperture was used. This type of lens has a very srnall depth of 
focus (distance film can be away from lens image plane and still be in adequate 
focus). A 

Figure 2—Z2 schematically illustrates the problem. It can be seen 
that *

‘ 

x = ZAS'(tan 9) + x‘ 
where

J 

x is the defocused spot size . 

. 
1. 

. M _-_ \
‘ 

x‘. is theflzlesired image sizef-\ 
' ' 

1 
I ;.

* 

V 
. \. _.__»-;¢ ;;;..»,.,;.~,,,>:;.,‘:,;»_=_-.3;-_= ...-_.-4:V_.,-.,-,;_-1*’,-7_<.-= I,VF.\‘:.',"'_;_t;,-;~‘_. .;' --_:u,~_-.;i_. 2.‘ I-,_._:..v ,.i:.>.‘ 

I >..‘ 15;,’ 1 ,w
4

l 

i=r¢Ps¢r ¢11$otan¢éirsf%¢iml @903T“i??¢FY.*§"‘?’§1§§#?¢1li;1i1'9+?i?i}1.i?a¢‘~i?=1n 
“*reso'lution.' I l " "

~ 
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Figure Z-Z2. Focal Depth of 
- Microscope Ob_jec_tiv"e -
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_ 
It is comparatively easy to perform this adjustment, but it_is 

difficult to maintain the film plane location, with this accuracy throughout ' 

the recording angle. Any buckle or dimpling of the film would ruin resolution. 
If the film plane were out of concentricity with axis of rotation of the micro- 

. scope}.-. objectives of only one_ small area of the map will be in focus. 
This problem was solved in the D-series ‘equipments by - 

machining the inner and outer platen as a single unit. The final process includes 
‘ rnachininglthe film-forming surfaces of each platen, concentric to the mounting 

V base of the inner platen. Thisiinounting base is then located in the drum bearing 
H5 base of the recorder. In this way, the film plane is referenced to‘ the axis o£\ 

if}i’j§‘}3;,§’spin of the microscope.objehcthfesfwhich ensur_es___thiat.tl_\_e film surface is '¢¢_1i;~£5j 

/~ - 

_ 
-_ -_ 1_ -_,‘-.._,>_, ._,.. . _ 

. ';.-. .,_.,_;_;.-_-. -_ - 
__ . 

e 
4 , '3-My _- _» ;,)_ , 

' 

= . __ --_ ,- * ' »';._:v.‘ 1.‘: :,- 1 -J, -»-»~-_,> 
; -_ I .y- -1 -~ 

. ...,.. 7-_. .;_ ._ _;__\;-';,._.--_;__;_,=, -_-1 ~»_ -.- __~k ~- x ,,_ 
:2 ,. . , 

, 

. Man? sY,$t§%.f$?=j‘i.'.9§1'.§?1i$.f>*P§$liars be¢:1i'iiiP1?iéiii§l€.fWfiléii*h¢‘i$'¥<>b1areif 
_. of jitte '1'"; s pr oblem ari s e's'*fw1{éri;t5‘eW"‘ scan imi'rror:_ 5h¢1a_1{;¢’6'r‘aé r_fa_ir é_"a11;'>'wed 

miiiiraw-2
" 

lateral piajf, 1r*&r1af>;=.-liiains; are; drawn down on ‘iea’§i'H‘1f§Hia§i_'£Iai,
j 

AL. I GNM ENT FLAT 
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' COUPLING auov ' 

22781 

Figure 2-Z3. Motor-Recorder Coupling to Eliminate Jitter“ 
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thereby aligning each flat and retaining the shafts; The recorder drum shaft 
is coupled to one end of the motor shaft and the scan mirror to the other end 
of the motor shaft. This, in effect, creates one solid shaft from scan mirror 2 

to recorder drum and limits angular jitter to torsion in the shafts. High pre- 
' cision ball bearings are used in the shaft line to reduce radial jitter. All

p bearing bores" are line bored to reduce wear and to permit assembly. . 

I 
_ 

A e. Photographic Film 
_-' 

' 

fl 
_'_ No lessimportant than any other component in the system is 
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A Automatic Exposure C_on_trol' ‘ 

__ . 

V 
.- 

r 
v_

- 

_ _ 

.2 ' l_ 
H The purposeof exposure control is to ensure that the film 

-_Ad(o'es_ not vary in darkness over the entire V/H range. This is necessary because “" 
at 10w‘ V/H ranges overscanning of the map occurs in the recorder. For instance, 

' 

at a V/H of 0.1 radian per second. each area of the map is scanned by the ' 

' recorder spot 10 times. At V/H = O. O2 radian per second, the overscanning 
factor is 50. Obviously, thislevel of exposure difference requires compensation. 

2 As mentioned before, multichannel recorders have two ex- 
posure control problems: -

A 

- 

' 
' Banding - Overexposure on one area of the film but 

not on others due to overscanning of one F‘

2 

A 
channel by another 

Gross overexposure - Overexposure on all areas . 

i 
t 

p 

_ 
_ 

, 
s 

' of the film due to many overscans. 
.Each of theseproblems has“a::V/H range where they are objectionable. Banding 
is a problem from V/H = 1 radian per secondto V/H = 0. Z5 radianper second. ‘ 

1_'Grossioverexposur_e is obje'ct_ionab_l__e frorn V/H =f 0. 25;_.down to izero." " 

- 
' " 

- ' 

'=-~ 
. . .f 

‘ ' 

1 _ _;_..-;._,_ ,- ,_ -_
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The automatic expgsure control developed for the AN/AAS-10 
system will be utilized in the D-5 recorder. 

A 

g. Banding Filter 
‘ ¢ With FAR effect correction incorporated in the system, 
banding control is difficult. Figure 2-24 shows the FAR effect scan pattern ' 

(5 channel AN/AAS-10) on the film at a V/I-I of 1 radian per second. Three 
scans are illustrated. Note that no area is overscanned at this V/H, and 

H 
p 

ban_dingi__c_ontrol_is not necessary. If the V/H is decreased top 0.8 radian per 
asecond, fthefl film’ pull rate will be decreased by one channel width per scan. . 

Figure 2..-V25_pillustrate's the result of this reductioni.‘as;;ifouhd‘__. in the 
it

_ 
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‘Q1-T‘, cha.i1nel1;;f_1L_1;apr,e.. notgovepr s canning , a", 
H5, Q 7 pe rc ent unde r expo s ed a r e a-_ would A pr e sult; " 

arytoj attenuate dc e rtain- charineji1:‘5“",i.ve but 
' ‘also parts of certain channels, and this attenuation must be a function of’ scan - ~ 

_ 

»V g- 1 
V 

Figure Z-26 shows the result of decreasing the V/H to 0.6 
V

A 

radian per second, A more complicated overscan pattern results. Now., instead 
a.) 

if of four different overscan areas, there are six. _ 
F

' 

it’ 
_ 

Figure 2-27 is a_flat view of the banding control filter. Each 
' vertical line accommodates one channel and is placed between the glow modu- 

lator and the entranceend of the tapered fiber optic. This allows the light 
' coming through the banding filter to cast a shadow image of the banding filter 
on the entrance end of the tapered fiber optic. The quantity of light reaching 
the fiber optic is a function of the transmission through the banding filter. 
The numbers on the right indicate that the area of the filter that will cast its 
shadow image of the banding filter on the fiber optic andthat particular ,V/H. 
If, for instance, the V/H were 0. 8 radian per second, the area lying on the ' 

i 

0. 8 line would be shadow imaged on the fiber optic. 
. 

A 

' Figure 2-Z8 illustrates the banding control action of the 
- 

- banding filter, compensation mask, and fiber optic. The top set shows the 
compensation mask position at a scan angle of zero and an overiscan pattern at 

V 

the right corresponding to \/_'/H = l. As mentioned before, there is no .over- 
p 

scanning at V/H = l radian per second; therefore, theedges of scan 1,2, and 3 

l CONFIDENTIALV , 35 - 

':Apipr0\i/ed for Ram; c':0“57;5”25é7' 
if ' '

‘



\ 

"S 

‘ in L_._ .

4 

Approved for Release: 2020/12/28 C05752557 
CONFIDENTIAL ' Proposal No. C126-CP65 

3,. W" 

70 

V/H=1 

60 - 

SO 

.40 

_._5_:->0 - 

220-7.- 

SCAN 

ANGLE 

-. 

DEGREES 

._ .-1 

i0 

-O_

O 

20 .- 

30 .__ 

40 —- 

50 

60 _ 
70 

CHANNEL

I 

CHANNEL

2 

~_| \ 
E.\_ 

-. 
’ 

. __ , 

I 
» ' 

\ ~ -H 

\ — ~ 
. »,

- 

" ‘.1 - 
5 N 

- '_ -‘
. 

I 
. 

-T‘-1:5, 
‘ :1’ * V L‘ 

4 V 1 - 

V ., 
.1 

‘
1 

»' H 
7 _ ., 

.1 X k 
1 *1 A“ Y 

~, A““‘ x 

)< 
_x 

»
L 

CHANNEL 

3 

CHANNEL

4 

CHANNEL

5 

| 

E 

I I 

22792 

SCAN_l SCAN 2 SCAN 3 

Figure 2-24. Scan Pattern» 

CONFIDENTIAL " 

36. 

Approved for Release: 2020/12/28 C05752557



56PC62CNP
7 

5P
525750C% 

/L
2 MA mm mm ED al Er

e RN mo fc
deVmPPA 

m 
DZ< 

N 

Z<Uw 

N 
DZ< 

_ 

Z<OW 

H 

’“‘ 

_

N n 
___/v_‘__' 

"_‘A_H'>H__

‘ 

v_ 

_‘H‘ 

‘ 

ii 

‘____h'_‘¥____,“ 

\M("_“>_1U" 

_ 

_'

I 

\\ 

/V 

__ 

H? 

_"I 

_v_ 

_ 

W_ 

x__ 

__>__>u_ 

N
_ 

’ 

___

3 

_n 

_~ 

J_>v%v__v___U"_‘u_%_U<_‘>_ 

_

U

N
_ 

‘ 

j___‘? 

H" 

JV“ 

‘Hi 

__

_

_ 

_

A 

_ 

_U_

_ 

__
> 

I

C 

‘ 

_“‘HNw_‘>:_IIHj_M 

‘Ni 

‘ 

A|_}:

_

_ 

>

5 

__\____W_‘___L_uIM__> 

gin 

___ 

_W_?; 

_

'

1 

A 

A_ 

> 

L. 

‘:1 

HI 

_I_14\

_ 

M
I

k 

7

K

F 

U_“__ 

SH 

__W’A__“___ 

“Sm” 

I_ 

__;_ 

“hvq/__‘~_ 

J? 

_"_ 

_

_ 

_ 

__

_ 

__“_H_H‘“_‘*\ 

:__"____ 

,_fl_A_§_ 

"_,_r“l__\HA_> 

H,“ 

__ 

_

N

'

I

_ 

‘_H_;_ 

P 

I’ 

__ 

_

V 

__

A

1 

“MM” 

HWJMI

“ 

__W_“I_L‘UmMJfl_I“___"_" 

_

_

4

_

C 

V 

> 

__ 

J 

v\A|‘~“‘_’_|’h:_‘ 

:0? 

__ 

“M 

t 

_“ 

_ 

__

- 

___§f 

____;___“_v_‘_v 

F; 

*__1‘ 

_> 

_

)

) 

M

'

_ 

__>_ 

__’_; 

(_'_?;

_ 

_ 

_

‘ 

}_ 

CE 

C
E 

’ 

__ 

__ 

_ 

SN 

SN

_ 

I 

__ 

_, 

x_M__ 

?____‘mi>v_“H_W_UWf____wm_>_“ 

1,’ 

W____\vI%_M‘_ 

“f_ 

v___‘N 

_ 

_

_ 

1 

R
N 

W_

N

n 

ml 

tr” 

v__ 

,“ 

r_ 

_UY_M"____§__"___H\UrL_mhvH___m 

h__H}_4“V_t 

_: 

_ 

I

_

E 

1' 

_I 

_‘

i

_ 

N 

VM 

VM

_ 

Q7 

____ 

__WH__ 

"MiW__‘%m“_m“%M,h_H> 

W 
__H 

at 

_ 

_ 

__ 

_

_ 

A 

Oc 

O
C 

_ 

_ 

x

_ 

H‘ 

1%‘v%_%MWJ_‘____W’HH__H_H 

>_ 

_

_

M 

Hm 

_ 

__ 

___ 

_ 

_ 

_L 

_ 

_ 

_V

_ 

O 

0 

0 
__ 

O 

o_g_H_“W>”_w_O 

flux“ 

0 

0 

0 

O 

O 

O

O 

7 

6 

5

I 

4 

,_"_M___\ 

2 

3 

4

S 

6

7 

_

_

_

_ 

_ 

>‘_W 

h__H 

1(__M_____V____fiH__N_mm 

_

_ 

_w 
MWM 

WxW_W_W_m 

HM"

V 

__

_ 

H: 

__ 

In 

5' 

My 

Hr 

__ 

My
T 

_‘_‘h_"'___L 

H_ 

yr 

f__ 

2 
QM 

"E3" 

Q 
__H_‘§_ 

m,q‘_fl__u_IhW,__H_N_nv_

T 
"Am 

_‘_§‘_4_u___>_‘v_ 

_;__¢§g_§_iv 

“HM? 

gmm“WmEb§_W_'___MN 

‘I 

_|__ 

__M_H\ 

2

3 

iM_Hm“ 

“J 

_m__‘_‘n‘“HHi“_“",h1Wq_‘M_mT“'_'m___mH_"__H_>I 

M 

_CT?m1m_m_E‘M“fl_: 

Wu___NU__vM_'_g_

_

‘

_ 

Mj‘“_T__wm‘u_uP_m‘4‘|‘vHHWhM%m7__R_~m_I 

_ 

_Z__w__£dJ?Hu_wMW 

L‘ 

_

’

73V 

_

7 

V

5 

_

5 

_

25 

A

75 

I

O

_

C

L
>

%

I 

T 
>‘v

W NW 

E

2

DIFN O

R

C

fdPPA



56PC6ZCN13SO
7552575OC% WLm 

mN ww al EF

e 
RN mmdeVmP 

P_
A

P0 ___P 

_ 

\/_; 

J“ 

_

_ 

__ 

___“ 

__4_,Mz_v\“vl_’__h 

I

_ 

v_ 

H 
2?

MW 
_ 

_V_m_>fl_§Hk___Hm_‘H‘n__w 

H_~“____‘“__J&q‘_"_\‘_n_U_’_ 

_ 

__

_

> 

__I__“__Aw 

_'_'\ 

Q_u__h‘v‘__~___\_4“__“ 

(_“___‘fi?;"'L_‘_% 

J

4

_ 

V

_ 

4

_ 

‘E’ 

_ 

___ 

‘ 

U 

_H___‘_ 

T_\I____N‘\_>_“_: 

M_v_“_H%_‘H__‘|"H“__H] 

_ 

r_v_ 

_

3

_ 

__ 

1

_ 

_ 
_

_

_

N 

‘“_,(_v~_W'___’____ 

V 

__ 

A 

___

_ 

A

4

_ 

___IV'_“ 

_’ 

:_ 

U 

"H>v__“\ 

H_'_“‘_‘M_ 

_\'__4I‘_I1_"_‘H~J'.,r_fl‘ 

__ 

F_>__ 

‘

_ 

_

~

_

C

A 

'

_ 

__ 

_

I 

V‘ 

__v____a_>_>____: 

_Q 

__

S 

Em 

_‘_ 

‘ 

__ 

__ 

_;v 

_ 

__ 

:__~___ 

‘___ 

J_ 

_

_ 

>

_

V 

9

I 

_

‘ 

”"_‘_'_ 

H 
__ 

_I 

‘Lu 

__ 

_ 

'

R

_ 

_ 

4_ 

HHANHWV__fi___"___My

h 

_ 
_4

_ 

Aw 

A3

A
3

_ 

M 

W__~__*

A 

N 

N

N 

_ 

_‘ 

qHM“guy‘Htn 

___ 

_

I

4 

Mm 

MK

_ 

_

_ 

S
N 

S
N 

S
N

_ 

H 

M
> 

_' 

I

_ 

_

_ 

RN 

RN 

RN

_

_ 

N_

4

_ 

EA 

EA 

EA 

_

_ 

V

_ 

VH 

VH 

VH

> 

“_ 

A_ 

__

1 

QC 

Dc 

QC 

1

N 

Y‘
_ 

I_ 

_ 

1

) 

‘ 

I’ 

O 

O 

_o‘

_ 

4

O 

_‘v‘___°v_____‘__U_ 

0 

0 

O 

0 

O

O 

5 

4 

3 

2_‘ 

‘uH_"H_lWWW.lW____1'_‘mH_ 

2 

3 

4 

S

6

7

4 

_ 

‘_ 

E 
Maw“ 

_hHm_$rv_Hm%_W

9 

H
‘ 

2:; 

3 
DU 

_4_v__'__,_“w_ 

M_v____“___ 

fl__h__L__v 

_ 

_> 

_ 

__ 

my 

flu; 

@_>_xv_‘>_",_W‘)'WH_H 

r»M_Lw4N|¢__‘_N_fi‘___ 

“___L_\N

_

7 

> 

__ 

_‘_rH__ 

_=“__H‘__ 

V. 

w 

_:‘m_______>__ 

"_f__’_;_

A 

T_3‘w‘» 

__‘N_iw'_1_ 

_

_

I 

‘

> M 

_>_'V_lH____m“_N 

V_T_v_‘“a___nJvU"_V_ 

_

2 

9 

&'_,__‘_ 

h__7____ 

_, 

__ 

>_‘____‘ 

J?

D 

Y

2

I

F 
_>_ 

H“/H‘ 

H_FWHw_VI%wl___NMm_$W_w:_mummwuoiuuww 

mu

_ 

Q

2 

_ 

H 

_ 

I

_ 

W1 

“v 

_" 

L_____‘__>>___Av1__‘_Lm_mv_>_ 

1 

,\‘___‘ 

_ 

Ls”

V 

_p_ 

'H"_H___'"J_‘_w_§m_M_U~_"___MQ$_€__Mmfi“Kg__“RM__”__w3__2_V_J_fi_VN_rW%:Nw‘%“ 

%_i_d_r__L_’ 

__ 

Q 

__ 

‘I 

_' 

H: 

1'7"‘ 

J_l_:I____L__‘nJ1‘_l 

Mh_>F_: 

__ 

I’ 

>- 

_v 

_ 

>__ 

n

I

V

4 

H____fl"M_H_§3“w_:$__fi__>§_m,I€_H__n_"€myh_£Aw\I_#_"€33%__w_}n‘M_;_u¥_£‘ 

ix

_

_ 

A 

A 

‘_ 

If 

_;i 

'____:“_q__mflflw‘$\h_(J>“HHJHMk_"RVT_“;““_hHH_w§“GmJ1“:vN*fl_@“Q“w_'J\_%%“"%“Q_'@'J’fiH;_%~V: 

Y‘ 

‘

)

_ 

“V 
_ 

_;__ 

H‘

_

A 

> 

_“H_“_U__‘__ 

“__ 

)
_

_ 

1 
__ 

__;_v_zv‘_ 

in‘ 

q_Q_“_?_)‘_IVq“__Vwg?“_

V 

_

I 

'\p'T_"___?“_"___L_ 

“fly 

_;‘_“_“ 

___ 

_>

J
_ 

__

_

_ 

‘__ 

v_ 

_l'

_ 

_

'

I 

__

H 

__'_rTV__“_l‘?_@ww_H_“Hw_n_“_H__$_$‘__y4 

_“__§_5_H,_H

V

‘ 

€‘_hJ“_"_v*_u$___l__ 

iN_h“fi_"__IM___w“’_> 

%_____ 

L_ 

vfiflm 

‘:1 

__, 

__

V 

_ 
__ 

___l£_'_r 

I 

_\__ 

5:? 

3‘ 

u 
5 

;___"__u_‘_ 

_ 
I 

__2_€_‘___‘_i__ 

_f_:'1v~___M__>‘:_N‘ 

D 
_ 

3
> 

_ 

“:7 

_

_ 

V

‘ 

M_|__>";_;'U____ 

__mx“J_>>_‘_w__)_H_ 

n_0_S__"_"_d_fl___"____‘m_“‘W__nM“,A_ 

__ 

>:¥__‘“_"“F__ 

"M___‘_%_“_M‘U|_w_WU__m”____>_‘ 

ma 

1: 

3 
:
‘ 

Gm 

_u___‘ 

‘_ 

__

I

_

I 

H,H_»_>L____L__~M_F___“_IH_H_“E;‘__h_M_EUm 

:_v__'fl____flM____“vg__“d_ 

“H__v_”_n,MH_“¥_9fl“m?__mwm‘w;_ 

U 

_

i

I 

V 

4 

km 

H 

__v_"__vfi>““__“ 

)6 

V! 

)__/:_U“____‘U___‘_ 

IA_;_pv__r_%A__n__‘ 

V?“ 

__f_

_

d 
r‘ 

c__

eDHI
I

V um 
id Mn 86

QW n_S 
AU 

____ 

n8
a CP Sn Sh ud ma eR 

_MB 6“ __L__23IW _“F 
V_"6 

m
O dt

7552575OC82l21lO2O2eSaEeRr0fdeV0PPA



Approved for Release: 2020/12/28 C05752557' 

CQNFIDENTIAL “ Proposal No. C126-CP65 

""""§'£=‘=l71iL-'§.'*F;‘1;:_ -5; ' 
- ~ - 

- - 1 1 ‘L - . 
.»". ~':':’.-.'-yz?-;‘{-111';-:_.>1 .: 1,. ..;,- _ ~ ~ ¢ ‘ ~ 

, 
- , _ ,.-, - 1 - " 

._;§f|>é;!‘.:'v~.'::L-\»;s‘ _ /.>~.,~,.., ~ , _ 1 _ L , 
-- - . 4' . - ~ 

\
Y 

i %
k 

Q { 
1 

0.9 

\ 
\ 

1 

l o.s
_ 

1.0

\ 

....,l. ,- , ,_..._. _- >-';-».=.- , 
:.-.v;_w‘;'i-'..'I’,{:1-_-.a;»?.~4', _: _ - , »_ -;._ _~ ~ 

; 
._' -. .-»;..'f 

_»5:-_;_-_>,-,;,-;,-.v;<rx;¢;;¢;_,‘ :: .-uyji-. e - ‘ 
. 

. , .- 
1 _ 

~ - ¢ .> »~_ 
v.-....-,~--»¥~.»-»=~:'\: . -'-,1?‘ 1 < 

‘ ~' 
I £4 , ‘ \ 2 

' 
-:-’ . -' ‘:1’ J‘ 

_1.;.;?_',\1-=:v‘15_"§:;-:- .. - ~ 1 ' 
. s -In 

_ , >>\;1.'-=‘;/er. ~ 
- -1‘:-~: ' 

\. - 
.».: ~*‘.w‘.‘. ~. ~_. . 1‘-' 3 » ~,:.‘. -.,-5=»?'.-1‘ .‘-' . \ _ Y 
.*~.1,};-?,;':‘T.‘.“.Z=f::;.‘;_.—; 

’ ‘:1 ‘ ‘ ~ 13', _ ¢ H .1‘ -Q » ~ »:» 4 v: »- 1-v-:_\_“»';-='¢_1i;f1_ ».~¢“< ' ' 5 * 
.,---U,” . 

.. 1 _ . 
- 

_ 
.. V 

. _ s. , , t. r 2 
¢.‘.1_r;:g.<..%;f;:‘.‘.7\>=;g¢-' - 

Y 
*> " 

, V 
-.—’ _.;?,'.L . ;--,-~_‘ . a = 

, ._; ~ -.-<--~-1 .»:‘.,‘1' ’" " ‘ " ' 

=_j-2-ggsa;-fi¢-1“;-..a:~;"f;;:. ~ , = \ 

~ 
1 

\ 

'. O» 7 ~.Y-;:;,:‘ 1 
, , 

1
. 

1: Th."-fl‘ ._-+1-~ -"-<-;¢:_;‘\.-.'<_‘ 
, . v : ~ _ ';. 

. 
.< Y ~ ~ .,f..{;_1;,;.‘~4:c.'r~;:,».Z5.;:.." 1 

\ U ‘ 
\ , 

h t 
u , 

r ‘ ‘ 
I 

d 
y 

_ _, . 

) 
_ '- 

. 3.» A _ I 
, , { f 

. 
W 

, _ 
. » ~ 

1\;;:j;;¢3;§';4?;:s;5g,;-;=3;-1,_-; 7 _( I é 
-':»"_ 

_ 
~. '-'_-,.-' =11. - » 

: 5 .--. 3 =1: Q-J» _ _ 2 
.>.=-_~~-2-.-=.. -\41.-;,- >2 ,-:—-. ~ ,;*-»-. , * 

. ,;.'_'¢_ --.- .~.-..~,< ~: \.1-,;- ~- ' - 
. 

- _':_-; >.- :.-;--.»;: -_~ 
' 

, >;v 
-c*»~;-1»e'r-;<~'.»1;;=‘!:z_.1,'=-,,;¢3,¢__-.'3 . 

‘ ~' 2-.;.';.:_ _ _ 
~ 

)4 . -, 1.1‘,-§_., ...J,_ , ._ Y-.-.,=> _-. _~,.. . .»- r» .- 
A 

\ . . _ 
-.- -1.-U 51'-~r_~,:="-,‘;=»->-.-.--.».15‘-‘E ~ - '¢-_-.-»':r-=-:=.>.-;.~ 

\ 
‘ -.;»,v._’ _ _ 

--v.»,~ . ,-~ ,>-W. ,>=- ._ '1? 
‘. ,1: V > - 

*1: »_=-’ >'\!;;{'§f’§_Q.lI71§;IQ‘-A;-&§,_J < _ ,,...::>-4--.5;'5»;-_":n;l, “\ 
1 ‘_ -' ~ - -.1-_ ‘ . --- 

_ )- 
‘ 

- »_--- - 
. 

’ ‘
. 

. ....3,,,.,-.,, .~-,-1- 2 ...‘..,,,,.._... .~._ 5 . , 
. 

' 
- 
-"'~ 'f~'_;Z5‘~-,?‘='>.1“~'.". '"‘=‘ 

< 
" ' 11'13:‘-y.'!'J:1:;=’:e:.-;~ >3 ’r:.; " 

.- 
, ?~;»;;*-"r 3.-..—~¢:~= ' M _ P1'::,-‘|\YLt “:32-. 1;-=~ L24)-2¢"'¢UL\.‘~|.\ .-.-___;»; 

(‘,~ " 
‘E':i’.'w‘:¢;'_-1\~='-».- »- »- _ ~ ~ - v ::.~1v-:1,-3x»_:z\;: 91-1-.‘.'.'.‘:,:i-;>'.";'=:~ <'a.*;:.‘=.;_5--.;».; ‘ 
=1;*:~=7¢1a-53.1.‘-"_‘ ,,~ ~ mil:-.\';~?~,.-./:.'<1:1;-§;;-:-5'5 - 

H11. 1-=j;:'.J ‘ ' 
_ “.-‘if:-' 

'- .".¥*~l',\,'."j;~‘~ \ ~.,.".'/3.":;’<,-.5-¢...'ee "'=,a,:;='\:;1.'.-=. “j.-ZL41',.~@,,. 
‘-~- we-.:;»-.,‘_ ;_- . ~- ~ » ,-'.\_',»_-.:‘ . 

~' ~~,: , '~.-,,.~_ _ _~*-¢ 1". ,»-.',' .. X‘:/2' <-:-wv 

‘»"-',‘.-*5‘ = ‘-9» .;'\',»~1 :=' J ~'ta-:¢€-‘--§fv1:;<'1\'.".2»:-‘4-‘" I uf§.‘.r-' ~.=¢v.~-‘E15?’ " 

‘:-'131=-2~.-j.- - '~ ' 1.."." =1 é_~;\*=;.':¢;‘-,1 .“ ;.- :‘.1-;*,~;;.-,-.._~ 

1‘ 2 --‘.-.1 
»‘ 

_»_,;_-;.~;-_-','.:-,,- w =1 '-5?F.:3i§'§i€*?/Mi€§<l'H55.1\12-513%~'::§jf:§éE" a 
-§',-f¢3-'3<=__‘_ ~»_ - » " 

:5:»,r;§.?é%a»:11,;$i§:§§Tt+:a-';.'qr;;;.7i*za¢?§<r1 -:!§e';_<;1.,».~, 
".’_‘-‘-{=1-;'*.*.'Y 

‘ W32"; " 
"‘~€¥.§:==‘A’;-R*£§***’%f~$*='*r'?f3$=5‘?‘l'i‘~' .’53?~'“.¢-"-’- L >:~a-gi - r ‘,.‘.. .j»~.-w‘.‘f.‘,.j;.;, =?'3‘—'f-j»~_=2vf~"’"1‘ 

‘ 

" 
- -‘<'~‘:';1m:<_°2)=l'<=1‘:-1;1If:$¢¥’~Z2~F€i .. nz » -*... ~»>.~.-.-=: ~~‘7.;- .~ .--¢.,,.~q.-.-_~-.(,-<~»- .- -~ 

_'*.%:»5~j 
-.4}. 

.‘:'=-l:'f 

s u'( 

2 r 1‘. 

.» ~ .~.,-41': 
' ’ 

-*:~ P -::-=~t-:—' - ‘V \ 
.' k " “ ~ _::‘v':»‘» 
., " Y _. 

’ '~ 
,, , ._ - r 

LY - -=-- » u .-'.~ 
.;Y'%- L», v._., 1|I.»;'A:' 

_ 1 u= ~ , , 
-' 

1 -~ ~_-*.'.a I._1= :. ,3 , ‘ 
\ 1‘ --g; x 

,1; E, "5-f&;:“ 1‘? f;*.’:5 .-?"\':\a'5}= ;~ ‘ 

‘§:‘1~:¢;;=_ 32‘ -1 1 *:»;", ;-'f;:.~<;? 
“3 

\‘ 
‘.\§§’ ';;?.“"',:~11-\ -‘xv 1,: ," .".'4’ -=3; H‘ 

K 
""31 "AI": 

::=' A _fl:'.-:;_ r__:»;'»',.€ E _;_,- __ ‘ \ 
, ~<‘.;.,‘.. 

k r 
§ 

~ 

$ 

» 2 

I

~ 
» ’ \ 

1 .» ¢ _\. ‘ .’, 

:4-5 

av A *-.»h w Y > ~ , - ~_- .»...., -v 2‘-v._..-.1-'1 .-..=:. :-.,*.- 

.':§{‘§?.-:_:=‘:.;;, Y; 
, 

~ “.:=¢?;,»1-7’..1':.'.».~_‘, 1.».-_\~:.~:;:r=: 

e 
"’~-1'.’ "'3' ,;‘_I.""':';"‘£._ 

:1 ,4“ 
‘ _. \ 

W R w \, V s 
‘ 

- 1- - 

=rT:-»~i~I**\.7c‘~¥‘; Y ‘=.‘1I-;>I_ >3-1'.‘ 
" 

- 
- - 

4... \.,. v . 1
1 

;~.-='»s-Ff-*.~I¢?<11‘:>=_‘ 1:1“-' 1 " 
< ~ " ~ 

'- 
_= '1 . 

» _ . .
~ 

r“..,§»;§‘§J’:»*.v,:‘.<,~._~ . ‘ 1 1 y * ‘ 

‘ _ Q ’\ ,. 
~~r.==-iv-‘re.-:~1,-.§,/,':@;1=.‘ 1 ~ 

~ 
> ._ '~ - 

-.-.;~. 
" ’ 

\ q , _ 
~ 51 ‘»i;\~-~;-<:~»

' 

-1-..:r' >" ‘ 2 »-1'. 15'? '.e_'-11'5S‘- ~-' -Ia.-l§,‘;‘::'1=-:':_-.=* 2 _ .. - __ _ 
F ,1>, . 

.-

» 

‘> 

_ _ 22795 —
1 

x 5 _ | 

x, . __§_ _. 
it _ ::=:':?: <1=r::- .- ‘E; 1- 2 ‘ * 

‘: 

-\=»E. 1 -- C. > 1 _ - r ‘ ~:':Y1:-4 ' 
- = '~. - : ‘ , .1 __.; -11 _ v _ 

, 

I 

.5 § ;*_- )| _ ~--_¢:,{:_~,, 

I1 
— . \ 

‘ ", ~ J 
,_ 1, . 1 ~ 1 

" 
I 

” " 'Y; .‘ » ~ 

H‘ 2 
‘ 

-'~ ' 

F f .._ ‘H,
, 

Q; =1--r4 ""_:__ :..._..,.-1:, ' 

! k QR-_ 1. ~,-.;;,: 
. _‘ \ 

. \_ 4, .. >.&_ 
- 

‘ 

v 

- 5-H 4*} r
- 

\ / 

;='§~ - '" _ 1 

' r =‘.-fr‘. 
- P‘ is" ’ £2» , 

1,‘ ,F=‘;-:=.'§3;=-,I’>;‘..~;‘“ 
Y) 

.<...-,; !~ .".‘-‘rl‘_.» 
I 

_‘,--> <1‘-..:"~ ; 
' 

. 
1, 

'1. 

.. v :. -_(»;~ - ‘ ‘ '},<'"w M ~‘ =~< H - ‘r -:.'.r. :1‘ g Q r ».:.~=‘~-;~ - » 
~ ~ ~ ' M -. ".,- ~ , __ '1 \. \ _ L ‘ _ ' » 

‘ -~, .-.2 ==.~, - » - >~>".~.~-»-~ 2 
2 .¢_,.7-:::. -»~, ‘.1, \ 

~ ,-:4 "'2 
I 

‘ . ‘,¢‘,._ !,\_».~,~' ‘ A-_‘4\;.)\.~_ . v\ 

\ 1 . 
~- 1 = 

/._.‘:,,’-,,.. , _ 

V: ', . . \ »_fl__"»v" 
;'c‘ -.5. .“_.\___‘__.;:> q , ._ -

~ 

1 \- . ~ . _-~' -, Q 5 ~-;':v»:<. _. . , r _
" 

.= ~.4- ' '-'.;'l:"_-Ft-'\' W ," " ~ . 
‘ < LA 

4'1‘-‘:=z:;-‘LI .-1?, (3 '-.;:%:I~‘>;l,. ‘_ = \_ 

‘ e J‘ ’
F 

’;;;vt,;_¢.».¢= “-1 \_F* '\/_\ _ < ‘3»=*;_q§ h, 
=~.,=;"=--»¢¢.:'.- 1 ..-- ‘--~_ ,_ -~:w<.: 1- >*-'». :-. ,-.-.--;.~-r~‘ A11‘ . '. , , - .\--\ _ 

‘-' 1;: »;~».:-~'--;'.&:. ~.; ~-. 2 -1) -' . ‘ :x,":-'-r-=. ‘ '1" 
r 

»;-2‘-1"~..»‘,~'.=.: -. i ~* ~ ~ .Y'1*fir' -‘,=~ 6'“ " 

*»_. , ;.=r~;»;- . 1:-.~ __(\. t» 1‘, _ ‘,_v 
‘ 

i 1,: .: Y I 

- z. ,_ . , 

0.4 

0.3 

0.2

O 

'_ Figure. 2-27,, _ofW1§a_;_r1g1ing F_i1ter _- 

'

_ 

H. , 
. 1 

“'4 \:*' ‘ ‘ I . 
, \ :1 

. 

* 
. _ , ? 

~ 
. 

I 

g_.CONFID\ENfI‘_lAL~ H 4 ‘ 

K 
‘ . 

.. _~ >1 » \, ' ‘w ' 

'~ 1 . 
_" I13 . . :»_ -, > 

_ ..

' 

Aeproved for Releaseg 2020/12/28 C05752557 

' _39 

3. 
- .\__~"~ ~~ > ,



'TVI.I.NE[CII.:'1'NOD 

' Approved for Release: 2020/12/2_8 _CHQ5752557__f 
. I -2 .4 .; >-¢=_€v'1a:_ » : .; \-~’ 

V .
> 

40° 

60° 

gzvse 

BANDING FILTER . 

, 
2. SHADOW IMAGE , 

~
Y 

' THREE SUCCESS IVE SCANS 
-EXIT END 2; - 

ENTRANCE END 
-:-.‘::':-: 

.;‘;.;‘;. 
_ 

‘ .VV,.;;~‘_, L_._> __ , . 

E>J=E>IrE:1=kE :;z=51§====1;; . / 
' 

. 5=5:;:5;1;;;;:;;; E=5r3i=5rE=£=i' 
-:<1-:~:-$:~:- 1'-J , .-I:I:l~:!:::-; 

' 
, . 

~ 
:.:~:.:$:-1-:-:v -2-I»:-:-:>:-I-'

. 

' 
E=E=3=5=‘F=’1‘ ~- “ 

IE=s:§:'¢=:=: 2 

' 

, 
n ':1:f:I.*:Y:!:¢:= 55151551515151 

.~ 152? 51?." z¥z_:iz§f§a»"5 _ 1&:~:=:1-=i=.~ 
1 _ 

-, 
‘ 4 ‘ 0 =. 

" 
‘=z:;=z:z;z:z;=; 1 

~ 
:zs='-*¥%=. . Q | 

, -, .. » . > _ 

.;:;.;.'._;;: |;1-'.;:;:-¢:.r- :;:;=r¢I-;:;-.£:- -I:,:E"rjE=E:- s =_5.‘:'i:, Q."-Z‘-14 .55‘ §:§:§?§:§:§§;:; 
' 

‘ L — 'i1'.‘:t‘.1.1i . ., . ., 
-'f'§E§:§E§:_1E_. §§¥2f:_i1-zizizizi 

> 

-. 

"“i5‘“’9 
21§iizi=.?s-lie '11--i.£f;‘?:141‘i~< ?§"f;.‘@'E?i‘ SSW ' 

:i»:§%¥:i=i=i=‘1. 
" *== 

1:? :;izI=:~.e-.:=_¢. .§?z%&‘z%&‘z%&I1. 
. 

' ' 
-i~":'_=. 

" ‘ " 

:';'-‘I--1'=:I:': ;'I:>-=-.1=11I.r;‘_ -.'-:' <1; :;:;:;:;»:==;:.=, ::;::===:I;=;I:1:=:1 
‘ "* " ' 

‘ ~‘ "-' '

J 

COMPENSATION MASK - 

IF?’-_:;_'SCANL]__Hfi::‘;=v§‘.flfVSCAN‘HZ SCAN a 

Q» I I I I g 

£1 

' I I 

SHADED AREA 0.5 TRANS— MISSION OF UNSHADED AREAS 

=,;'=:;a;::z:z.z=z:: :z=2~.:z:z=¢ :=::"::=s rs: 521;: ===:==z=z:;=1_z:a- =3IE1E=E'E1E=E~€'E=E 

A 

EA"-{$0 
322' ll’ AR EA 0 F O V E R S CAN 

1=¢=;=-:=.;..:;:-=~ 1-=;:;===a==s=z:-21:»-2: =z:1=~‘- =1=1=::; ;;:¢a=;;z.;;;=z¢: :;=s~2:&¢z==.z=s=e=. ,

~ 
* "_ 

jaw » ;-,'l:'{1_1;,.-g'."l -£191‘, $1 
‘" 

'~:;:;-3-;¢=,=. ;:;:;;;:;:;;-: .; ,.;.-.;.;.¢. . \

. 

_ ,‘,‘-;_; ., 2 ,-;=.<_:»:;.I - 

. 

Q ._ 
- ;_-...',,_,»_§ _.-,;:_ _-~_§.,v-_‘.‘.=- _~_.v:,_ 31 ._-:~€._.1 : ‘

‘ 

..v...§1§§2 §;§:l§§§=§¢ ...‘fEil§ ‘Z134 
A 

221:; 2&2»: 
*\f"1i'":lii,§' ‘?‘:7§£§I‘»‘f_':" 

z=2azg 

i=E.‘z‘z-=-§‘=- 2%-iiiziziés ?.1é%1:iii§=1%:i .§i€%§%iii1§i§i 

' 
' ~11: T‘=€tl:>|‘:-LT’ '».1'""r'»;'-‘ii.-' 

,~;1' :-:4-:-> I . . ..-v <.:-:- l'1- _, -- ,,_- ;.;.;.;.| -:;:-: 

:e:s=a~% 1-rs 1 '».~::= 1 ~, 
‘ 

,:; :er=:z=> ~"-=%z 

;:,+:, 

" 
* ~ A 

Es; IMAGE OF 
E]; 

_

_

-

w .1 

E, 

»;,,.':~.- .:~. 
=-' =-'-==E1'¢i"11i=i 21:EzE2'a‘1?=i':»E 

5525;‘-1=;?=?%§§i‘=§&§ E§E§§§£§:§E§Ei§=E5i? » < ~ / 

.- .-.;.;.;.; 
:-»:-:-:-:- :-:-:-;-:-:~; 

~ 

F1: H }\ ‘
i 

».;~~.=;. 2 1.. , 
._,_--'s, ,1. I » 

-.\ ‘-;_‘;,.,;.;;.,,, 
_. '- 

1"@:~,>;i* {'7-'I"1}?;§i'=»1.‘.‘l .~' 
. 

.
A 

:-:-:»:-:-:-. :;~;:;:;:; ;;._:;;;;; 
-_ '4>~~£"I .'— -~¢- -

I 

;i‘§‘;z 21:52: 5?; ?:&§'1?. iii? = 

“ll 7" _ 7 I 21:51“ . 

2, ;._J_, \-_ --1 1 
L;;§;1,1j;;1;- 

* 
, u» ~:¥=;i§':.*_ Y 

iéiifleéiiiiiii ;% géziiéé 1,1155%? %1%s§&§%;;a%E:i 
'1 > 

‘» I " 

'*:%;i ii=i%¥ %;i;%;‘=%22§§f=g§& ;%%%§fi£2%;%:1 » J
' 

.
, 

555555525353. 5555????-‘ii ;'&i:iz%‘i:i . 
> 

. . . 

1 *
. 

2‘-=;:=~;z;“‘ ?%zI:izi2I2i:= 
" 

§::;&zz===2 2- :;E»i=,iyiIi1~r-Ié. ,' 
'> 

' 

>i3E?1i§5§555&: Zil-§i55I5' =5E=.===;=§-‘iii 
-“="1'="--i’-YY <3,-". -. . ‘ 

3"-

. 

s1z‘;%§:=-=2’; ';E;EgE5E'E=E;l3E, :==izE;%zizi:E. ;=&;i;5:i;1;&;-;i; ‘sin ‘\"-.-#E*I=E=E=E5E; 
“ 

:Ezi&I1i;=%===E:€;‘ 2:2=z::;z;2:§;2=; 

" ‘ 

.'_.§'j:§;§§}." :;:;:;:;>5;g:;:;:;=;. I ;';:;:;:-:-;-;-: ":2=:;,5: . 
»- pm ‘.__.::_,_ ;,_-Jr;-,;,,,]; -~ A ~ 

_. ‘ 

l.;==.;.I *~*"~-I-=~--I-=_= ..|_ ;;"-;t-:J" _1";",:;z;:;:_'_, :;.~~i: 55¢ .2 J. 
iii}-E!"EI:=; E131}-Z1IIE1:IE=E=E-E1 

' 
: :';1:1E»;=E=:'EI£=I :§:;:;:I:-:i:§.1:¥: , ,. 

‘ 
I §:E$i:i1E=;1:>.-; §5§Y:§:=:§:§:§:§: 

13=f=1:5£-i=i="I=i E5‘€3E13E1Z-E=E1E=:=E= :1 »§i=%§i&?=1=%=.‘2Es%: :=:=5:&i;iziz::iz‘2 
- ' 1-" *-=i&=iii=5?s:a=1:§=1

. 

i§%i=iE5i§i§‘§=§ii iE%%§i§%€%?i¥&i&§i§i§i§ -§¥§‘§5§%%i§E§‘i¥§‘%i §:§2%§i2§2i&=?§2§zi » 

""“""""""' '='="=‘""""" 
-

. 

i§i“'*5"?‘:§ 
i%E§=§i§‘i‘§E§%?Ei2i§i§ 1”" 

ii¥2i§=§i§%§‘§§3i§&f%?= ?"'F5i~‘i5='§i§1§ 
r "':;fiTxi1£:-H-‘§ *1, -

’ 

k. *-=- 
=izie%2?§i§=?:%;:z:5Iz52=> 2:1‘ ..-5: =::=.=z:&:z::=&=5=2:5:;== =; 

"'1 
= ' @."='*: * ~'-‘ 

.2 

:-xv:-:-12-xv-<1»:-:':v::~ -:-:- _.;.;.; 1;;;.;;;;;;;;;;;;;:_;;.;;; :;:;;;._.;:5;;;;: _ _ 
~ " »* - ‘- - - v v 

r-1 {"3

’

A

1

\ 

J ~ L 

7E'0VERSCAN=;,,¢,§‘?i‘l‘§<‘ 
_ 

SCAN z AND 3 
~ 

' "r SCAN 1,‘.:AND V. 2 _; Y 

COM PENSATIO MASK N 

g Figure Z-28. Bariding Filter Second 

Approved for Release: 2020/12/28 C05752557 

J" 

"IVLI.N3C[I.Il\IO

D 

59d'D‘92 

IQ 

'oN 

Iesodozd



b 

T} 

-'.<,- .1 A 

sir?“ at
T 

- .a?~‘e‘%.. -°f. ‘?"e.r-‘S°an Sh°Wn at \#?1§f1'ish?&..1}%?;?'i-R19F?°'.§.'-911?‘;.F?%§l£I §Pa§¢$§§¢9F?§.??¢i¢:'¢#§ I 

i?3?é?I¢If sh?-‘¥¥*i*¢1 1 and ¢ha*.1.n?l.' 
’s..é'I11=¢<.i ther.¢';.1>Yf.a Shaded 31'éii‘;‘§%.T-5§5i..l.ishfisiifiifisflismiflié:I$.h5§f€i}5¢1."é‘i§’é'e'$‘i515-‘elf 

Approved for Release: 2020/12/28 C05752557 
CONFIDENTIAL Proposal No. C126-CP65 

are contiguous. The white areas are light emitting, and black areas are 
masked off by the fiber optic. If the exit end pattern were "wiped" down the 
illustration, each emitting area_would be an equally exposed line the full 
width of the three scan widths. The shadedlareas on the entrance end are 
the shadow-image of the banding filter. It can be seen that no shaded area 
covers a section of the fiber optic, even if ‘the compensation mask were not 
present. 

The second drawing shows the compensation mask positioned 
for zero-scan angle; however, the V/H is now 0.8 radian per second. The"

. 

‘banding filter-has positioned itself‘ such__that the shaded areas‘ have moved up the .

_ 

transmission of the shaded a_.r’e_as_.g_5\AQ¢p"p:ercenti ifj imagies _now;hay_¢
" 

"t1~;é.i’¢. exits; - £5655 thewhite’ z‘.£’éé's If:'thi'sI§:i“éSk'it’;“iii1la‘g~ e‘ .‘&<$'{v£i._ "rf';§*?‘I.~ 

. 

'f$.3_i.#1‘-§.eiis1,é’§*',iLI‘¢liéifénel11" éfliéf-'..i '5.n"d.T'?1f??ft’l»'%i='?Q. 
§.‘l§,<>-"“.5.’% OTB 

on_ly:4neAc'es.sgary_Ato ifigul? 5hQW9 
the"'_Con_r“1pensati_on mask at 40 d25gr'z%3f<-;§;}¢-¥.f;?'§f;=l"a;1_'-ai¢g_1A<=.gffa£;a:.£h§.'};;'h{éi?{§r/H_.’.'_lThe mask

A 

has opened up the entrance '¢‘nds_io£f\‘5_5;;;§e1"‘,2.&h5;iii1'e1___3,"“"a1id channel 4, but the . 

shadow image-' of th~e'~-banding --f-i-lter‘ attenuates pa rt- of the entr-ancevrarea-of~ - 

channel Z and channel 4. Referring to the exit and image at the right, it can be 
seen that the area of channel 2 that overscans an area of channel 5 is only 
emitting 50 percent, and the same is true of channel 5. Therefore, the sum 
of channel Z and channel 5 exposure is unity. The same is true of channel '1 and 
channel 4, channel 3 not being affected at all since the banding filter does not 
shade-any part of its entrance end. The next drawing shows thecompensation 4 ,4 

mask at 60 degrees of scan. Here, channel 1 and channel 5 have disappeared 
behind the mask. The exit end image shows that where channel Z and channel 4 
overscan, the emission is 50 percent and the sum of their exposure is unity. 

. This operation holds true throughout the scan angle. “When one 
channel starts to overscan another channel, the area of the entrance end that ~ 

corresponds to the overscanning area of the exit end is shadowed by the banding . 

filter. This allows parts of channels to be attenuated as required while the 
compensation mask provides the angular transmission control. u 

' 

A 

The banding filterat V/H of 0. 6 radian continues operating on 
the entrance end light, preventing banding down past V/H = 0. 1 radian per second. 
At this point, each channel is being overscanned so many times that banding is 
negligible. 

. 

l 

‘

. 

» 

_ 

At a V/H of 0.1, the gross overexposure control takes over ' 

andbegins to aperture the entrance ends simultaneously by -blocking the light. 

"CONFIDENTIAL 3 , . 
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This exposure control method eliminates both banding and 
gross overexposure with one simple mechanical device driven by a conventional 
position servoloop. No complicated alignment or adjustment is required. The 
techniques required for design of banding filters" is considered by Texas Instru- 
ments to be state of the art. The system designed for the AN/AAS-10 will be 
utilized in the D-5 IRRS. . \ 

5 . Stabilization '
V 

l 
The recommended stabilization system for the RA-5C infrared . 

system will be for roll correction only. - - 

_ 

-. 

, 
'_' 

_ High-quality maps A>h_aye‘:_lbie'en made on the i 

C- 

AN/AA5-1& and Other" svst<==nié,'i"1iéiiilE..¢E?i#-:11???S, _1I.1%¢rv11?i?’=Y11,?=.=% v'#9_1¥'§-éééié 
iéfabilizétion only-i V»

" 

.i 

_ Q The 
aid presently’ being dcéignédo£‘é?»'!it§§?EIJ§;&]3='[ihi 
simbsl to mass stabilw: 
‘will be fised ‘C0’ Ové1'¢'°1Tr1él.fli'é;‘f.i'i¢’¢.i.°fi‘-YI¢$1t1?¢‘l\71¢->f?»i'i_58l$, i,i1’l1Eliéi'1‘:¢?.ll)'£115-*4‘???isis<5'¢{‘4i§*'i§i§§5Y:5-i" 

not 
Diisnturbanc es to the pialird Bé’-"1i£&i£ed 'B§i"'Ei1i§‘£ii€'ti‘E§n “iii;-.‘tii3’b‘é‘1£‘£ii1”g5-arid' 

. - -. ._.__»7 J ;.v.:,l__._:.,;- : 
:-4 

_ g 

- 
. -:_ __-. -

_ 

' The size, weight_,"_;_'a___ndAlpéwiergyrequirements"are based the[‘1‘_'. V-5-~;_-'~ 
,4 

stabilization p1‘ovisions.described here; a three-axis stabilization system will e

i 

necessitate inc'rea"s"es~in~-‘these""system'.fcha»racteristics:" - 

7 "M " “"_‘"“' "“’ 

6. Control Panel - 
- 2 

The preliminary control panel layout for the D-5 infrared system 
is shown in Figure Z-29, The panel will be an edge-litepanel in accordance * 

with appropriate military specifications. '

- 

Critical system functions are monitored on a go, no-go basis during_ 
the normal aircraft system- check and also during operation.

_ 

C. SYSTEM CALCULATIONS ~ 

‘ 

The following analysis is conducted to determine the system resolution 
parameters. - 

'

- 

To achieve contiguous scanning, we must consider the V/H equation for 
a four-sided scan mirror which is 

V/H = 4n.f(A9), 
where 

' V/H is the maximum velocity-to-height ratio in radians 
' per second '

. 

n is the number of detectors h 

C ONF IDENTIAL 42 
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Figure Z-Z9. 
.A 

La)'kout'H§1_" 

f is theunumber of scans per second 
A6 is the angular resolution in radians per scan. 

Therefore, the scan speed is given by: ~ 

3 f-Elli 
r _4nA9'i _. 
For V/H = 1.2 radians per second, three detectors,. and 1-milliradian angular 
resolution, f is calculated as: 

£=i1.2_ 
(4)(3)(1><10'3) 

, 3 
f=Z;fi 

Z,-0 X10 ‘

. 

f = 100 rps or 6000 rpm. 
0 The electronic bandwidth (3 decibels) can be determined from the scan * 

speed and angular resolution. With optical doubling, the electronic bandwidth 
A 

is defined by: l 
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'

‘ 

some) 
where 

Af is the electronic bandwidth in cps 
V f' is the scan speed in rpm

V 

A6 is the angular resolution in radians per scan. ' 

- 

Y 

“For a" scan speed of 6000 rpm and angular resolution of 1 milliradian, the value 
_ 

" for Af is calculated as: - 

_ }-~- . 
- 

> . 
.

_ 

i Y ‘A 

1 
A £2 

" ' ' a " -Af = 
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=~ -> 
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where
A 

P is the radiated power in watts 
6 is the target emissivity I 

Z 

' 0 is Stefan Boltzmann's constant 
T is the radiating temperature in degrees Kelvin 
At is the area of theiground target in square centimeters 

A0 is the effective area of the optical aperture 
‘ 

To is the optical transmission efficiency _ 

‘Ta is the atmospheric transmission factor 
H is the distance between the infrared system and the 

ground target. 
For a square field stop or detector, the area for a ground target is 

expressed by _ 

- 

.

' 

At = I-I2(A8)2 . 
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1. 0 megacycles"(noise bandwidth) 
(by specification) 
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. 67 X 10 12 watt per square centimeter-degrees Kelvin4_ 

9. 3 X 109 cm-cps 1/2-watt-1 (Hg:Ge detector array) . 

140 cmz 
1X10 3 radian 
1 (by specification) 
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yielding an effective NET of approximately O. 5°C. 
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SECTION Ill 
MAINTAINABILITY 

The D-5 Infrared Reconnaissance System will be designed to facilitate 
maintenance for both flight line (hangar deck) and shop personnel. It is 
suggested that the flight line personnel limit their maintenance duties to the 
isolation and replacement of defective line-replaceable units (LRU's), The 
self-test features incorporated into the control panel will provide the go, no-go 
equipment status. - 
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SEC TION IV 
RELIABILIT_Y 

The program proposed here will take full advantage of the formal 
reliability assurance programs in effect at Texas Instruments. The effective- 
ness of this program is evidenced in the results of the AN/AAS-18 reliability 
tests. .

I 

4 . 

i 

" '2 

The AN/AASW-1 8 was subjected to reliability demonstration tests for 
788 hours and 35 minutes, during which time ‘six relevant failures occurred. \ 

E 
Four of the e_ f ailur e s we r e a S;-,'<><;‘1§£;=__<1 thjleiclo s ed; cycle ooling s ystem . 
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SECTION V 
PROGRAM SCHEDULE

. 
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Figure 5-l ._' D-5 Program Schedule 
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. While this schedule is the mlostldelsirable, delivery of the first unit could 
be accomplished in 6 months ARO if need be. ' 
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SECTION VI 
SUMMARY 

‘- Texas Instruments is uniquely qualified to perform the work proposed 
herein within the suggested time “schedule and at a minimum cost to the 
purchaser.‘ The reconnaissance system proposed,is a basic infrared recon- 
naissance system, modular in concept and easily adapted to many mission 

1' -A profiles;-V If it-were‘ desirable, a ysimu1tan_e_ous_two-spectrum (3 to 5 microns ‘ 

p 'ij1__>and 8_ to__14 microns) detection'capahi1ity__cou1d be designed into the D__-_5 IRRS '. 

3_fig;iyithoutxichangingfithepbasic package;size{1f‘_This is_ anexample of the jversatility ‘ 
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