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1.0 Introduct fon

The 5CD-3 camera has been designed and produced to acquire high-resclution photo-
graphy that can be enlarged in excess of 100 times, High-resolution photography
in this instance means photography with a resolution within the negative of more
than 200 lines per millimeter (200 1/ma). This means that normal types of film
are mot adequate for obtaining high-resolution photography; that most cameras
are not physically ecapable of taking high-resolution phetography; and that special
effort must be applied to the entire photographic process to meet 2 goal of 200 1/ wm=
in the film plane,

R, M T '
The 5CD-3"was designed and modified om a matched system basis. This means that every
portion of the system was designed and tested to produce consistent results that ex-
ceeded the design goal of 200 1/em, The different areas studie were: 1) camera
body, 2) lenses, 3) film drive, 4) focus, 5) image EmEaT, ) film, 7) [ilm processing,
8) human factors, and 9) operating techniques. All of these basic arcas of the system
were carefully studied and incerporated inte a workable unit that integrates all the
parts at or near their maximum potemtial., However, the ability of the system Lo
deliver high reselution photography is dependent upon the operator's compliance with
some basic rules and instructions, That is why this manual was written - to explain
the development and unique . features of the system so that the rules presented may be
understood,

In addition to this manual there are individual egquipment manuals published by the
original manufacturer which provide detailed information on individual pieces of

equipment.

2.0 List of E nt

The SCD-3 camera system (Fig. } includes the following items:
24705 Camera body, Nikon F2
= W lens: S50mm focal length, £1.4 Hikkor

180mm focal length, £2.8 Nikkor

Both lens are mounted inm a custom made ace ized lens barrel.

R



3 250-exposure film cassettes {four) Wikon
I Battery FPack

2 Film Drive
-G ;7S 250-exposure back, Nikon
7. View scope (sight)

= B, Focus calibration sheet
-~ 9, Attache case
10, Battery charger

3.0 Essentials of the 5CD-3 Camerd

The 5CD-3 camera can perform at the high-resolution numbers it acquires (200 1/um)

only when the operatoT follows the special rules that were devised for this system
only, Should any of these rules be omitted or changed for any reason, the imagery
quality will degrade to normal 15-mn camera quality (40 lipes per millimeter or less),
The rules are listed below, and the reasons for these rules are explained in the de-
tailed sections of this document. Please read the rules, read the explanations, and
they FOLLOW the rulea as set down,

The SCD-3 camera must be locked into the continuous or high mode; this inmcludes the
battery drive switch, the camera mode switch, and the rate switch on the camera
back, Lock the exposure at 1/1000 of a second and the camera lens at true focus
distance, Lock the mirrer inte the up position and install the telescopic view
finder (view scope) on the shoe om the left side of the camera body.

The camera can be used in its present configuration in a plane, im a helicopter,

from a moving car, from a moving train, or from a moving ship; it can be hand held
or mounted on a triped on the ground, In all cases where the camera is to be used in
a vehicle, the best and most consistent operation will be obtained when it is hand
held,

The camera as deseribed here is designed to provide high-resolution photography
from a distance of sbout 100 feet to a distance of 18,000 feet, This camera can

also be configured to take close-up pictures, but any camera can take an adequate
picture ¢lose to the subject.



i
The camera is presently configured with only two lenses: a 5-mm focal-length,

£1.4 Hikkor lens and a 180-mm, £2.8 Nikkor lens. The hyperfocal distance
{(hyperfocal distance ig the nearest distance upon which a Phntﬂﬂraphl: lens may

be focused to produce satisfactory definition at infinity) for thniiumn lens is

about 100 feet, and the hyperfocal distance for the 180-mm lens is about B00 feet,
When these lenses are set for SCD-3 camera use they are for use outside the vparfocal
disrance of the lenses.

This camera has been used for distances beyond 18,000 feet but with generally longer
lenses and faster films., AL greater distancee the faster f£ilm and the longer fnc?l-
length lenses at higher f-stop mumbers prohibit the system from producing resolutions
of 200 1/mm; however, this configuration will provide better imagery Chan other com=-
parable camera-lens combinations because of the custom lens-body matehing tachniques
applied to the system, Although the 5CD-3 camera can be configured to provide ex-

cellent imagery at greater distances, the present configuratiom is with the two
lenses as explained above,

During the production of the SCD-3 camera, each lens was accurately matched to the
camera body and the camera-lens combination 'was checked to Che accuracy required

{better than 200 1/mm); the camera was then ready for operational use,

4,0 Instructions for use of the SCD-3 Camera

The camera operation is amazingly gimple because the operational camera controls
(Figure } are locked into fixed positions. Following is a check list to assist
yous FL ceenl er ]

Check color-coding to make sure lens is being used with correct camera
body.

Lock the mirror in the wp position, '.r.:v-'*-"f T ""':‘"}1.-. 5-‘-“'-" t'!-/‘-'i'.'.:f-l"'-r-dq"a"'-.-
Lock the lens in the full open positionm,
Loek the lems im the true focus position,*
#50-pm lens focus should be set within 3/32 in. on the cursor scale, If effor 1s as
puch as 3/16 in, you will lose 50% or more of resolution, 180-mm lens focus should

be set within 1/8 in, or the cursor scale. If error is as much as 3/16 in, you will
lose 50T or more of resolution.
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Lock the exposure time at 1/1000 second.
Lock the camera mode switch in the continuous position e s
Lock the frame rate switch on the camera in the high rate positiom ("H"),

Install the small view scope on the left side of the camera to be used as
a wview finder and pointer,

Point the camera at the center of the area of interest and follow some
jdentifiable portion of the target for the prescribed number of frames

(10 or more).

Do not use the camera in a single-frame operation because the advantage of
the high-resolution film is lest in this mode, The continucus mode provides
full stereo photography uheuﬁt’i'r:‘:t';r:;gct is tracked by the comera operator.n* &
..ﬁ...._-\-'-'--}r ‘l:-l,.__.;_r_-.l"'r‘ e s T fmﬁﬁ'\-"ﬁ‘ o fﬁ.—"’-‘-ﬂ- r‘i.-:f.-r"-

Hand-hold the camera when operating from a vehicle,

Always try to finish a roll of film each time the camera is used (remember,

the film cpsts only about one cent per frame},

Expose the final few frames (15 or 20) on the 250 frame cassette with some
gcene of low importance; this allows the photo lab technician to use the tail
of the roll for the inspection process in his quality control processing.

Be sure to write the average taking conditioms on the film cassette,

Processing the special film used in the SCDh-3 camera requires speclal photo lab proce-
dures and chemical formulas which are described in detail in a subsequent section of

this manual.

4.1 Special Tips

The camera should be kept free of vehicle vibration by holding the two film magazines
without support from the window frame or other portion of the vehicle body which would
transmit vibration to the camera,



The best operation of the camera can be obtained by shooting only through air,
Therefore, Af at all possible the vehicle window should be opened for all camera
operations or the resolution will be limited, For example, 20/20 vislon equaCes

ta & inch line and space GRD {ground resolved distance) per 1000 fr, of range for
high contrast targets and alrcraft windows “;;Eﬂﬁf windshields degrade eye perfor-
mance more than this limit, Therefore, the camera with a capability of 1.2 im,
GHD per 1000 fr, with i‘ﬂ—mm 1ens and 1.2 in, GRD per 1000 fr, for 50-mm lens will be
degraded to & in, GRD per 1000 ft. (or worse) when pictures are taken through an air-

craft window, etec.

For th; S0-mm lens, set focus at =< for range greater than 1000 ft, but for closer
range judge the range the best way poasible and set, For ranges 1ess than 1000 ft,

it is essential that the range be set accurately or a technique be used called
"whru-foeus flying™. This simply meane that the operator set a desired range on

the camera and takes a long Euiggﬁfiﬂfﬁﬂrﬁzﬁig.Eﬁﬁinirctuft appreaches and departs

the target area being sure Iha: the” flight is shorter than the range set on the camera.
Some of the frames should be in focus if the other rules, noted above are followed,
Actual ranges must be set on the curser scale to better than 3732 in, If error is as
puch as 3/16 in, you will lose EE”;??eﬂnlutiqm For the 180-mm lens, set fucus
at 5000 ft, and fairly good results will be obtained for ranges between 3000 ft. and
o . For ranges less tham 3000 fr, it f& sssential that the range be set accurately
or a "thru-focus flight be made as described above, Actual ranges must be set on the
curse-scale to better than 1/8 in, If the error is as much as in., you will

e T e ;,;ﬁ
50% "of resolution,

T
Aircraft operation - through-focus photography should be used as deseribed ghove and
good pictures may be obtained to as close as 500 ft, range through a side or floor

port on the aircraft, Do not take pictures through turbulent air or engime exhaust,

Helicopter operation - the through-focus photography technique can be ueed effect ively
but with many variations and te much shorter ranges, For example, the helicopter can
move in and out sideways for a through-focus run to an extremely close range at low

altitude, Tt has been found that waln degradation is caused by incorrect focus



rather than vibration from the ihlitnpte: {(hand held without support from any
portion of the helicopter). Successful photos have been made to better than 1/10
inch GRD at 150 ft., range with the 50-mm lens demonstrating what can be done,

Ground operation - standing or sitting without tripod., Focus is the =main problem

here. When not positive of the range, judge it te the best of your abilicy by comparil-
son to scme well used yardstick in your head such as the length of a football field,
the 150 yd, marker from a golf hele, ete. then take a couple of shots and repeat with
the range marker rotated sbout 1/4 inch on each side of your original ?uuatimatt.

If the image is in motion it will still be less of a problem than in a flying opera-
tion so track with the scope and take a burst,

On all of the above operations, if time permits, the leck ring should be locked ex-

cept when making a rapid thru-focus set of pictures.

The small view scope on top should be pointed at some easily identified portion of

the target near the center of the desired coverage. When the camera has been stabilized
on the obiect chesen as a target, the exposure switch on the camera should be depressed
and held down until the desired nusher of exposures have been made., The camera opera-
tor should hold the camera on the chosen target during the entire sequence. Should

the camera drift off the chosen target, the operator should swing the camera back to
the proper pointing position instantly, This may soear one photograph in the sequence
but will insure that the other photographs will be free of image wotlon from the camera
repogitioning,

The film cassettes will hold uwp to 250 frames, and im Che centinuous wode up to 30
frames c¢an Be taken in one flyby at an altitude of 2,000 feet., The contimuous miode

of operation will provide the best possibility of acquiring high-resolution photography.

B ormuin ThHiy femese I!';-Ih“;fl- Sy e sl ""‘? enrve & "'-""'"-f'l' pliom o Jnwée

g
Zhe mirror should always be locked in the up pusi:iﬁn;rn:thnt’the operator cannot see
through the built-in view finder, The small view scope mounted atop the camera body

operates as a view finder,



When loading and unloading filwm in the camera, follow standard instructions sup-
plied with the Nikon camera,

5,0 Rationale o erat

The basic rationale in the operatiom of this camera results in rules that must be
fully understood and followed by the operator if he is to obtain the best results,
Once the eperator has accepted these basic rules he will have no problem taking
pletures that consistently produce resolutions at or above the 200 1/mm-goal,

Rule 1, Smear in the image plane is the greatest hazard in taking high-resolution
photography, #As long as the image smear in a photograph is less than the grain size
of the film in use, or is lower than the physical limit of the taking camera, the
smear is not detected and does not affect the resulting photograph. If the grain
size of the film is reduced or the lens-camera resolution is increased, the smear
becomes detectable and apparent in the image plane, Smear, therefore, becomes the
major stumbling block in taking high-resolution photography.

From this major assumption comes the idea of taking all photography at the shortest
exposure time possible, With most 35-mm cameras this limit is 1/1000 of a second.

Because grain size and speed of films usually do not permit a single exposure time

under varying conditions, some special efforts had te be made in the development of
the film and processing technigues that would offset this hindrance. This is dis-

cussed inm the sectiong on Eilm and processing techmiques,
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Rule 2. If enough pictures are taken of the same scene Lo allow statistical
averaging, the photographic resolucions will follew a bell-shaped probability
(Gaussian) distribution (Diagram 1}. This is only true when the smear component
can be smaller tham the grain size or lens-film resolution, A probability distri-
bution of resolutions means that with a large enough sample there will alwavs be
some photos at the highest possible resolutions and equal number of peor or low-
resolution photos, One-half of the photos will be above the mean or average
resolution and one-half of them below this median resolution, Im order to provide
data for this rule, cameras were tested using as many as 150 plctures of the same
scene; it was quickly found that ten to 15 pictures of the same scene had the same
prebability distribution as the large numbers, Therefore, it is suggested that
every scene be photographed on at least tem frameg and on 15 or more if time is
available,

Rule 3, Film is the cheapest element in the entire camera system, Because the film
presently used in this system costs about one cent per frame, it becomes readily ap-
parent that it would take a long time to use a costly amount of film, Combining
fules 7 and 3 shows that the camera should always be operated in the continuous wode
{four fremes per second) and every burst should encompass ten or more frames,

Bule &. A preselection of frames is necessary for exploitation. Because the frames
all have differing resolutions and, therefore, differing values, a preselection of
best and most valuable frames is necessary. It is usual te choose the three best
frames from each scene and use these frames for exploitation, Sometimes a particular
view angle or specific stereo angle requires the use of supplementary frames, but
this occurs infrequencly and is handled on an ad hoc basis,

Bule 5. The best photography can be obtained with the lens fully open. This rule is
not fully true, some lenses show a slightly higher resolution at one-half to one stop
away from the full open positiom, However, because the exposure time is kept at the
pinimum and the smount of available light diminishes as the lens is closzed, the
camera as a system will perform better with the lens fully opem.



Rule 6. The human body is a better reducer of image motion tham any equipment

that could be built at the scale of this camera system, The boedy (mainly the

muscles, tendons, and bones) can damp and Temove much of the motlon from & moviog
vehicle before the motion reaches the middle ear, If this were not true, continual
vertigo (motion sickness) would oeccur every time a human body was put into contact
with a moving vehicle, It is readily apparent from this that when a camera is held
near the motion center of the body or close to the inner ear {in this caee near the
e¢ye), the motion imparted from the moving vehicle is essentially damped and removed
from the system by the interaction of the muscles and tissues of the body. Therefore,
a hand-held camera will take a better picture from a wehicle than a mounted camera,

Because the statistical advantage of multiple photographs is used to increase the
changes of obtaining a high-resolution photo, it 1s apparent that this same statistical
advantage will occur vhen the camera is hand held. When the cemera is operated at the
high rate (four frames per second) over enough time (two and one-half or more seconds),
some of the images will be blurred from motion of the body that has not been fully
damped; however, most of the photography will be motion free and, therefore, smear
free, This is ctrue only when the camera is tracked against some constantly visible
portion of the target and held on this same visible portion se that no apparent

motien occurs, Actual photography is only occurring during a small percent of the
time: the frame rate is four per second and the exposure time is 1/1000 second; the
actual exposure time is 1/250 of the total time that pictures were belng taken. It

is very easy to hold a camera motionless for 1/1000 of a second and increasingly

hard (the square of the change) with longer exposure times,

6,0 Technical Aspects

6.1 Camera Body

The camera body used in the 5CD-3 camera is the NHikom "FI' standard motorized drive
camera body with some modifications, i.e, rall alignwent and lens serevw mount in-
stead of the standard bayonet mount, The rails that control the peosition of the film



at the film plane must be in perfect alignment with the lens centerline to glve
the greatest resolution over the entire format. This alignment is eritical to
about 1/1000 of an inch., The rails are milled and polished te this accuracy and
again checked for accuracy. When the required accuracy is achieved the lenses are
then ready to be modified to the camera body.

The 250-exposure back for the Niken FI camera is individually fitted to the camera
body with which it is to be used, Malfunctions in the shutter or fila tramsport
 may result if the back is used with the wrong camera, If such malfunction occurs
with a properly matched cemera body and back, they should be returned to the ncarest

Kikon maintenance center for adjustment,

6. 2 Lenses

Two lenses are furnished (Figure ). The 50-mm-focal-length fl.4-Nikkor lens gives
outstanding performance at long and short ranges, The 180-mm-focal-length £2.8 Nikkorx
lens has an advantage of & 3.3 times greater focal length, although image-plane
resolution is less than for the 50mm lens, For long-range photography the net effect
of these two factors on target resolution is to give an advantage of better tham 2 to
1 in favor of the 1B0-mm lens i{f image smear is kept under control,

4 considerable amount of work is involwed in increasing the accuracy of the camera
lenses in relation to the body-file combination, The most exacting requirement is
te acquire true focus by determining the best focus position of the lens and setting
the focus ring to allow the camera to take the best picture the lens is capable of

taking.
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The first task ig to put the lene om a eollimator and check the resolution capa-
bilities (Disgram 2). The depth of true focus at infinity is very narrow and the
lens must be set to an accuracy of within at least 171000 of an inch of true focus
in order to record the resolutfons the lens is capable of recording. The manu-=
facturing company sets the lens focus on a short focal-length collimator to an
aceuracy of about 40 te 50 lines per millimeter. This short focal-lenmgth collimator
{lese than 30 inches) will allow foecus to be set to about 1/200 of an inch, Be-
cause this satisfies the manufacturer's requirement for resolution, this is the
extent of Nikon's test program,

The SCD-3 camera lenses are set to their required accuracy with a long collimator

(100 inches) on which the minimum setting accuracy is approximately 1/2000 of an

inch. A setting of better than IIIEEE.QI an inch is made with the lens on the

camera body and film in the camera acquiring multiple photos at several settings L
near the true focus position, This is accomplished on the collimator with targets

in the collimator and after determination of where the true focus position lies, A
range of true focus positions is established for different distances beyond the focus
markings on the focus ring as delivered from the factory.

Each lens to be used with a partfcular camera body is made more accurate by this
same technique, Each lens has been matched to one specific camera body; therefore,
the components are color coded so that the specific lenses and bedies can be matched
easily, Matching systems are also coordinated by serial numbers, but the coler
markings are easily seen and errors do not creep inte the system when the coler
matching technique is applied.

Short focal-length lenses are less affected by smear than the longer lenses ands ; .
therefore, it is cagier to build a smear-free system using short focal-length

lenses, By changing the packing density teo a much larger order of nmumber (in this

case resolution in lines per millimeter), it became feasible to use the ghorter
focal-length lenses, Because shorter lemses have small "I numbers they can admit

more 1light; this reduces the exposure-Cime problem as the focal length decreases.
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6 4 Film Drives

There are two separate film drives available, a 16=-frame drive and a Z50-frame
drive, Both these drives operate at the high cycle rate and operate basically in
the came @anner, Tﬁgii:;era utilizes the 250-frame automatic drive for the obvious
resson that it has a better capability to take numerous plctures and more target
scenes without reloading, Any of the cameras can be outfitted with the smaller

6-frame drive 1f the operator prefers,

6.5 250-Exposure Film Cassettes

Damaged or improperly loaded film cassettes can cause total mission failure by
prevent ing normal film transport,

Wew cassettes should be checked to determine that the inner shell rotates freely

in the outer shell, If not, the interference can normally be eliminated by helding
the outer shell in the left hand and rotating the inner shell inside the outer shell
back and forth through the interference area under pressure of the right hand, Cas=
sette parts should then be cleaned with a damp rag to prevent metal dust from getting

into the camersa,

Before loading with film, cassettes ghould always be checked for free rotatiom as
aghove, Damaged cassettes should not be used,

In assembling and closing the cassette after loading it with film it is important
to turn the inner shell clockwise only to the latching position. Turning it teo far
will leave it unlatched or will capture a full turm of film between the inner and
outer shells,

In installing the cassettes in the 250-expesure back it is important te carefully
follow the manufacturer's directions wmaking sure the cassette snaps into place with

the index mark on it properly lined up, If the cassette can be rotated in its socket,



it is not installed properly. (Fressure exerted by foam pads inside the rear

cover prevents such rotation when the rear cover is closed.) If a problem be-

comes apparent at any time during the process of installing the cassettes and checking

for proper operation, start over at the beginning.

The ?50-frame motorized back can also be used with commercially available IG-exposure
rolls of HWigh-Contrast Copy or other films, This involves releasing twe thumb latches,

repoving the camera body from the motorized back and loading the 36-exposure rvoll of
£ilm in normal fashion (refer to the Nikon motor drive and camera body manuals), and
then reinstalling the camera body in the motorized back and operating the same con-
trols as with a 250-frame load, .

6.6 Film

The basic film at present for taking high-resolutiom photography is emulsion 3069
high-centrast copy (HCC) film, This film was made for doing line drawings in the
photo lab; however, it responds to POTA processing in such a way that processing
essentially extends the speed of the film by a factor of three or more without
changing the base fog by am appreciable amount, This film has an ASA rating of 64
und:r-nntlal circumstances, but responds to POTA processing as if the speed were 180

or 200, This 5069 HCC film has the :lpaﬁél:tg of recording 350 1/mm (mediwm contrast),

considerably above the 20D 1/mm goal for camerd UEeE,

6.7 Film Exploitation

The original negatives derived from this system are of better guality than that of
most viewing equipment under normal use, The more exotic microscopes such as the

B & L Zoom 240 are adequate for viewing this material, The material is also much
better than most photo lab enlargers. The best available enlarger than can handle
this quality material is the Beacon Frinting Enlarger (the BPE) with the liquid gate
platen, This material can be enlarged to 100 and 150 times with case and still does

not show the normal effects from such factors as grain size,

ck



For proper exploitation of this materfal, it is suggested that the best quality
optics available be used for viewing. When enlargements are de-

sired, the enlarger should be the hiﬂhﬂﬂt guality enlarger available, Duplicate
positives of the original materials are usually made on 2430 duplicate stock in

order to retain as much resolutiom as poesible, The duplicate positives can then

be viewed with the appropriate optics, Most viewing of the material is accomplished
at 40%, 60X, or 100X, When viewing the material at a lower magnification much of the
information is lost or unavailable,

6,8 Lens Cleaning Aids

Hew do you clean an optical surfacel Carefully! The 50mm and 180mm lenses, and
view scope have coated optical surfaces which can be scratched in the process of
cleaning, Dusty or soudged areas on the surfaces of the lenses and viewscope optics
will be out of focus and will have little effect on imagery unless the sun is shining
directly on the dusty or smudged surfaces. For this reason it will normally be better
to leave minor smudges untouched, Dust cean be blown andfor brushed off optical sur-
faces with the blower brush, Since most dust will scratch glass and lens coatings,
the blower brush should always be used as the first step in cleaning, If necessary
to go beyond this step, a drop or two of leng cleaner on lens paper can be used Lo
remove smudges, The lens paper should be formed into a wushroom shape and held by
the stem, Under no conditions should the finger be used to apply pressure to the
lens surface directly through a layer of lens paper.



7.0 - — — 7 777 PEFFORMANCE DATA

The following performance data has heegigﬁfsureﬂ and/or
computed for the optical components of the camera ¥ as
an aid to the selectiecn of lenses for any given mission.

I
IE;'LENE F1ELD-QOF-VIEW AND RESOLUTION

| Table 4 indicates the field-of-view for each lens as a

function of range. It also indicates the resolution goals for

the best frame out of one or more bursts. The ability of the

system to deliver such resoclution can be validated by static

! focus tests discussed in previous paragraphs. Getting similar

. performance on occasional frames in hand-held tests is evidence
of full operator proficiency.

Table 4. Best-Frame Resolution Goals and Field-of -View
for 59mm and 180mm Lenses

Ground-Resolved Distance
{(Target Resoclution) (inches)** | Field Width (ft)**s
%m 180mm | 5fmm 18 0mm

Range ([ft)*

- <

S00 0.55 L 0.22 7325 100
1,000 1.1 IR 0.44 650 . 200
1,500 1.7 ey v 0.66 975 300
2,000 gl Lo 0.9 1,300 400
2,500 2.8 4 1.1 1,625 500
3,000 3.3 1.3 1,950 600
4,000 4.4 1.8 2,600 800
5,000 5.5 2,2 3,250 1,000
7,500 B.3 3.3 4,875 1,500
10,000 10.9 4.4 6,500 2,000
15,000 16.5 6.6 9,750 3,000
20,000 21,9 8.8 13,000 4,000

*These are slant ranges at altitudes between sea level and
5,000 feet barcmetric,

**Best frame, using High-Contrast Copy film,.based on 200
lines per mm for a S@mm lens and 150 lines per mm for a
180mm lens, under best conditions. For missicn planning,
increase these values by the ratio of 3:2.

#%*Fipld in the 36mm direction of the formak.
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Table 5 indicates the field-of-view fOr = sight as &
function of range. e

Table S. Field-of-View for AX i ?_,."_fviews:ﬂpe;

piameter of Field-of-View (ft)

range (ft} ? 43 .sight a
500 73
1,000 147 .
1,500 220
2,000 293
2,500 365
3,000 440
4,000 586 "
5,000 730
7,500 1,095
10,000 1,470
15,000 2,190
20,000 2,940
g These figures represent the following percentages of the
field-of-view for lenses in the mini-camera I:
4x sight
5@mm lens
"vertical field 33.8%
". Horizontal field 22.5%°
180mm lens
‘Yertical field -« 110%
Horizontal field T3%
clearly, either viewscope will show most of the lens field ;

when used with the 180mm lens. Wnen €3thes viewscope is used
with the 58mm lens, the field-of-view is smaller than that of
the 55mm lens. To insure proper Coverage. center the tarcet
in the viewscope.

7 ¢ FULL-FIELD TARGET AREN FRAMING

geflex mirror viewing can be accomplished without having
the mirror operating during photography (which would degrade
rosolution). To sbtain initial viewing of the target through
the reflex mirror, move the mirror control to the **down®® I

position and expose one frame to cause the mirror to come down
X for viewing. Then reset the mirror control to the **up*’
positien and view the target. When the area of interest is
properly framed in the viewfinder, note some feature at the
center of the field, shift to the viewscope (sight), track the
central feature, and take a burst of exposures. The mirror
will go to the **up®’ positicn at the first exposure and stay
up until the mirror control is next reset to the *‘down®’
Hrlﬂ'{"."“ﬂ'ﬂ... 5




*In the space behind the foam liner in the top half of the

attache case.

/No
Ll
WALL TARGETS (_.'".m}..-r& dalibhy 4 it pt pint of ,g.r,/

Two 8- by B-inch wall targets are provided* for use in
field tests of resolution and focal position at a range of
50 feet., These targets are 11X enlargements of US Air Force
Standard 1951 bar targets with medium contrast and have 42
steps at 2 (1.1225) intervals, resulting in measurements :
from 0.00754 inch to 0.430 inch per cycle. Table 1 shows the
image plane resclution correspending to each step when the I
target is 50 feet from the camera. (The image plane mark on
the camera body is set at 50 feet plus the focal length of
the lens from the target.)

Table 1. Wall Tar%et calibration for USAF 1951, 11X,

AB/2 Bar Targets With Target at 50 Feet
Image Plane Resoclution (Lines per mm
With Target 50 Feet From Camera)
Group + Element Somm Lens ) 180mm Lens
0 1 25.3 i
2 28.3 :
3 31,7 £
4 35.8
5 40
B 45
1 1 51 15.5
2 57 17.5
3 63 19.8
4 72 22.0
5 8o 24.5
& 90 27.5 ;
2 1 101 N |
2 113 as
3 127 40
4 143 44 i
o 160 49 ;
& 180 33 ?
}
3 1 202 62 i
2 226 70 i
3 251 79 .
4 286 BE
5 320 a8
6 360 110
4 1 404 124
2 452 139
3 508 155
4 572 175
S €40 196 '
& T20 220 ‘
5 1 248 ‘
2 278
3 31
4 3s0
5 392
[ 439
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7.5 Field Focus Tests

She-1

The

camera system is designed to provide a means by which the focus calibration

and resolution performance of the system can be verified at any time in the field.

Ctatie Focug Teets

Because focus accuracy is ecritical to system performance and may change as a Tesult

of use, provision has been made for field focus ealibration by means of a through-

focus run, according to the following procedure:

A D

z [ 2 E‘

p R T

FATLS

FE L

Load the camera with film and mount it on a triped from which
a 30-pound weight is hung for stabilicy. Lock the reflex
mirror in the "up” position, Mount the 55mm lens on the body
and set the lens for f2,8 at 1/1000 second,

Tape & wall target* to an east-facing tripod (or wall) so that
it will be illuminated by the direct early morning sun.

Uge the sight to point the camera 8o the target is in the center
of the £field,

Starting from a position well beyond » turn the focus control knob
counterclockwise until the 50-foot rotor index mark is at on

the stator,

Expose one frame each with the 50-foot rotor index mark at .

, ete., until the third division short of the 50-foot stator 7
calibration mark (weoplly-L-1; -2 —3;—¥or—~5-for-the 50mm lénsg
and—higher-vaioes for the 180m lens), as specified on the focus
ealibration sheet., Expose three frames each for the next seven
succeasive astator divisions. Expose one frame for each of the re-
maining stator divisions, ending at “"n", In case of overshoot at
any division, go back to the ltart-pnsitiﬁn and rotate the focus
control knob counterclockwise again to the desired point, This
action Eliminate; the effect of backlash in the intermal focus
thread of the lens.

*In the space behind the foam limer in the top half of the attache case,



Jj'r.'!{;'.'-i' #d

7 4./ &, Shea the film has been processed, the target images u::: be read
ot to determine the best resolution inm both directions for each
frame, Plotting a curve of resolution in lines per om v& rotor
position will show the position in lines per mn {consult Table 1
for the wall target calibratiem),

7.4, 7, A similar procedure is followed with the 180wm lens,

i
These static focus test: csm be run at any time vhen there ig reason to belicve Che
focus of the camera/lens combination may have ghifted, To aid in determining the
cauge of below standard mission imagery, it is recommended that am abbreviated
through-foeus test using the first 15 to 20 Irames of the cassette be run prior
to each mission, so that when the film is processed, the focus calibration sam <y
be validated for that mission,

Caution: After any through-focus run be sure to reset the focus

for the expected cperational use, starting from a position well e
beyond and turning the focus contrel knob counterclockwlse L
until the desired rotor index mark is at the stator calibratiom

point,

7.6 Hand-Held Teste

The ability of an operator to hold the camera steady can be verified at the time of
the static focus test by having him use the camera, hand-held, to photograph the wall
target at a 50-foot range, in one or more 13- C2 30-frame burats,

The ability of an operator to track a target from a moving vehicle can be verified
by E%Eiﬂﬁ hi? photograph the target im a 30- te 40-frame burst while being driven
past 455 ‘A speed of 2.5 miles per hour at a range of 50 feet simulates the angular
tracking rate of an auto traveling 25 miles per hour at a 500-foot range or of am
airplane at 100 miles per hour at a 2,000-foot range,



7.7 Image Smear

.
T L
Because this camera is extremely sensitive to image motion or emear, the internal

mirror is locked into the up ppeition aq;_ll ot allowed to swing in and out of
Fhg SAareard FRg M Oeeae _‘-'..'i{:: o fgpar Cing @ naToes Ig EE Cpimiew . b
ie

the view,” This,eliminates wving through' the lens, afff therefore the camera is
adra Fiy il PR

modified to allow target viewing with a small telescope or view scope on

top of the camera, The view scope has a magnification of 4X, 6X, or 8% according

to the nominal disctance at which the camera will be used,

This view scope has several advantages fu-r the operatcr, He has a better view of
the target, and because he is looking at an exploded view of the target he can

detect when he is not properly trackinmg the target and make adjustments te hold
the target steady within his view, The view ncupeﬂhan crogehalirs aligned with

#ﬂ- iy iy’
the optical axls of the camera so that a center of target eam be chosen and used

to eliminate motion,
__drﬂfatth the ;;Eremcly short exposure 3

T o e ’
"::‘imevnlap would occur during the exposure and add some saear Co every pi{:l:ure,rrj

S ——— A s e o ®

EIiE?E;EinEdEf‘ smear is one of the reasons the camera attains the performance
it does,

Caution: In normal wse of a through=-the=lens viewfinder

camera like the Hikonm it is impossible te leave the léns
gy,
cap on Inadvertently during photography, * In using the
ey o el W

Fre marrer Lol 7
Jesd-3 camera with a sight ” there is a possibility of leaving the
leng cap on, The user should develop a routine and a check-

list to prevent this from happening.

LY

i

e
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Table 2.

MissasNikkor Lens at Maximum Resolution

Precision Focus Settings and Depth-of-Field fﬂr
Intermediate Values of Range to Target, Using the . 1ﬁﬂ'

(This.

data fr.wr use

where range to target is known -- that is, within the depth-=-
of-field limits shown.)

Focus Settings [S55mm Len nepth*nf-Field*
4ff. Ve (ft)
A S
Nominal Rotor Humbgr of Divisions tg Mov Near Far
Range Index -Rgtor Ipﬂex to Lef 3 Field Field
(ft) (ft) StaEpr Ca ibra}jnn Limit Limit
50 50 s Cmu 47 c4
55 1 R2 ]
61 2 57 67
(3 3 64 76
76 71 85
26 5 BO 97
100 100 91 1132
120 1 105 138
150 124 184
200 200 0 160 2608
300 218 440
500 500 320 B40 .
B840 S 2 420 1.ﬁﬂﬂ'
i o] (] B40O oo

*There is an approximately 5% resolution loss at the near
and far limits of the field.
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Table 3.

Precision Focus Settings and Depth-of-Field for

Intermediate Values of Range to Target, Using the 180mm £2.8
Auto-Nikkoer Lens at Maximum Resolution (This data is for use
where range to target is known -- that is, within the depth-
pf=-field limits shown.)

'

Hominal

Range
(£t)

500
550
620
710
B840

1,000

1,250

1,750

2,000

3,500

5,000

9,000

o

1,000

2,000

ettinds (180

ens)

Depth-of-Field*"

7 / (£E)
Divisil M Near Far
x to Lefff o Field Field
Calibragi Limit Limit
A .
Q a70 230
{fr#’:F‘ 510 San
—e 570 BED
3 650 TED
4 750 930
BROD 1,140
1 1,080 1,480
1,380 2100
—— 1,600 2,650
2,300 5,600
3,000 15,000
4,500 20,000
9,000 (=]

*There is an approximately 10% reégzutinn loss at the near
and far limits of the field.

- =

e ——



8.0 Film Processing Techniques

Film processing is the single most important phase in using the 5CD-3 camera
to take high-resolution photography. The special film that {s used in the
Tea-3

T camara requires special efforts in the photo lab to make the system per-

form at its highest potential,

Under normal photographic conditions, 1i.e_., full sunlight and high sun angles,

a simple POTA process using sodium :ul?hitt {ﬂeuaicags?} and Graphadone "A" is
used, This process 1s discussed fully in section*titled Simple POTA Process,
When the photography has been esxposed under other tham ideal conditions, then a
push POTA process is used,

When this push process is used, the film must be inspected under greem light at
intervals during the processing phase to insure that the proper processing level
has been achieved, Because the film is being push-processed, the time of processing
varies considerably with the changing light levels present when the photography was
taken, The push process chemistry and mixing instructions are described in soC-
tindrzitlad Push FOTA Process.

Photography taken under fairly normal conditions such as clear days and medivm sumn
angles will require approximately 11 minutes of processing at 80 degrees, Fhoto-
graphy taken under the least desirable conditions--such as early-morning or late-
evening low sum angle, or wader full or pratlial cloud cover, or low obliquity im
high shadow areas--can take processing times of as much as 50 minutes at 90 or 95
degrees, Because of these variations, the operator taking the photographs must
write on the film cassette the average taking conditions under which the film was
exposed %0 that the laboratory will have guidance as to the amount of time needed
to process the Film,



These cxacting technlques for the laboratory technician are required becauge

the controls on the camera are locked into fixed positions to control the smear,
These locked controls include: 1) the lens locked into the full open positiom,

7} the exposure time locked at 1/1000 of a second, 3) the camera controle locked into
the four-frames-per-second mode, 4) the mirror locked inte the up position,

Quallity control ia the laboratory is a necessity to insure that the quality of the
fmagery reaches the potential of the system, A Kodak safelight filter No. 3 dark
Ereen m.bu used to inspect the film when processing has gone through approximately
ane-half of the normal processing level, With the special POTA processing used
there is no discernible damage to the inspected film even when several inspections
are required, The film will retaln an excellent gray scale with no discernible base
fog change over a very large range of processing Cimes and temperatures.

8.1 Simple POTA Process  =—

= { Instructions for developing normally exposed emuleion 5069 film for very high
resolution,

£t d Developer Preparatiom

£.4% Stirring constantly, pour 3 grams of Graphadone "A" into cne-half liter of water
at 130°F, When chemicals are completely dissolved, add 30 grams of sodium sulfite
(dessicated), When chemicals are completely dissolved, add cold water to make
1.0 liter of solution at 70°. Develop for 10 minutes with continuous agitation

ar 70°F,

This chemical process is adequate for all full-daylight exposures,

The chemical formula for low sun-sngle and overcast photography is described in
the extended reasponse formulation that follows,



8.2 Push POTA Process  ——-

— 23

“~{ Formulation for extending response of 5069 high-contrast copy film for under-
exposed photography

Developer Formula (quantity = one gallon)

Sodium Sulfite 379,00 grams
Graphadone "A" 0.76grams
Hvdroquinone 19.0 grams
Borax 11.4 grams
Boric Acid 13,3 grams
Potaseium Bromide 3.8 prams
Sodium Bisulfite 0, 76grame

Note: Graphadone "A" will not go into
solution at low temperature, It
requires a temperature of 13DﬂF.

or moTE,

Mix above chemicals to maintain a temperature of 90°F. Hominal-exposure photography
will require approzimately 18 minutes in the above solution, vhile underexposed
photography will take longer, Allow approximately 9 minutes extra for each stop of

underexposure,

Q.0 Equipment Operating Manuals

Mapufacturer's manuals are provided¥ for the camera body, 250-exposure motorized

beck, and lenses, Instructioms are also provided® for setting the combination lock
on the attache case, Aese docmentl e Lehind e ;-élm Lmgm s Tha
lat of 7% alfacde caiv.

10.0 Attache Case

@
The system is contained in & attache case with lockable lateh,



11,0 Authorized Maintenance SuppoTt

Depending on the nature of the mal function or repair requirement, maintenance may
be performed in the field or by either the original equipment manufacturer or the
system contractor who wade equipment modifications and assembled and tested the
final hardware.

In view of the importance of maintaining system optimization, it (& recommended that
only minor maintenance and adjustment be attempted in the field,
Problems with
battery pack, motorized back and cassettes, camera body, or shutter may be referred
to authorized Nikon maintenance centecs, preferably those in the US listed here:
EPOI, 362 Stewart Avenue, Garden City, H. Y. 11530: EPOI, 7000 Horth Ridgeway,
Chicage, Il11, 60645; EFOL, 501 Felsom Street, Sapm Francisco, Calif, 95105; EPOI,
355 South Douglas Street, El Segundo, Calif, 90245, Problems involving the lenses,
the sights, their modifications, or optimum system performance should be referred?e - _ — .

12,0 Summary

The SCD-1 camera will provide 200 l/mm stereo photegraphy when the camera is operated
according to imstructions,

The basic camera has been modified and, therefore, the camera-lens comnbinat ione
HUIST be kept together to insure that rthe lens matches the camera body.

The camerm operator MUST follow the contrel locking instructions before taking any
fokata s,

The cemErg O g e’ A5 P H].ﬁ:v"-d:t Mfﬂﬁhl 'frﬁ{’ﬁ;fmf‘t I{I..ﬁ-'i"-! Eprvy e e g
T g e fedrmitey piesinacl 4
Film processing must be accomplished in a quality contral enviromment or all the efforts

to develep this highly accurate camera will be wasted,

The special chemical formulas MUST be used in developing the f;lm to achieve con-

sistent results of both 200 1/mm resolution and ‘the full gray scale with ne hase
fog,
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