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3-13. VESICULAR FILM FAULTS

When evaluating vesicular film and a defect is apparent, the duplicator and
silver master must first be eliminated as the cause. Be sure to check the
duplicator for:

1. Binding/sticking rollers, idlers, reels, cylinders, etc.
2. Defective drive motors and speed controls.
3. Line voltage fluctuations.

4. Film tracking.
5. Threading or misalignment of silver master or duplicate film.
Check the silver master for:

1. D-max and D-min suitable for duplication. Image density is
best just short of ''filling-in."

2. Be sure that silver does not have a high fog level. Low
density background on the duplicate film may result if fog

on the silver is too high.

3. Dirt on silver film master may reproduce clear or unwanted
images on copy film.

4. Clear spots on the silver in undesirable areas will reproduce
dark on copy film and may obliterate vital data.

Once the obvious errors have been eliminated and film still exhibits undesir-
able characteristics, a systematic review of certain details may reveal the
cause(s) of the defect. The following identifies the defect, the cause and
the most probable solution.

1. Density variations (exposure)

a. Under/over exposure. May be in spots, along the edges,
or the whole film.

(1)  Overexposure. The characters appear too dark.

(2)  Underexposure. Background density not dark enough,
appears faded.
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b. Adjust exposure setting.

Note: Under/over development will give much the same
appearance as under/over exposure except underdevelopment
appears similar to overexposure and overdevelopment appears
similar to underexposure.

Dirt or debris adhering to film.

a. Dirt from silver master, dirty cylinder or heat drum.

b. Check all elements including the ambient conditions for
dirt or debris.

Clear spots on film.

a. May be dirt or debris between exposure source and
sensitized layers on film.

b. Clean dirt from duplicator or film.

Lack of overall density.

a. Washed out, faded; or hazy appearance.

b. Exposure to unwanted U,V. light source prior to use.

Film may have been stored at elevated temperature for
excessive periods of time.

Disappearing image - fade out.

a.” Improper clearing or fixing of the film.

b. Assure that image is fixed or cleared as soon as possible
after exposure and development if it is to be placed in a

viewer within 24 hours.

Note: Even properly cleared/fixed film, when subjected to
heat in excess of 150° F may clear or fade.

At times film may change color when placed in viewer. There
is no loss in densnty, only a color change. This is classified
as ''cosmetic only.'
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6. Double image.

a. Fuzzy image caused by slippage of the silver master at
the time of exposure or original and duplicate are not in
contact emulsion to emulsion.

b. Eliminate slippage or orient films together properly.
7. Dwell.

a. Light spots or highlights in density due to short dwell
time on the heat drum. Too long a dwell time may give
film a cooked appearance.

b. Adjust wrap around the heat drum.

Because unprocessed vesicular film need not be kept in darkness. it may be
examined in room light. Certain apparent faults in the raw filrn which would
not be seen in darkness may be visible to the operator.

These marks are ''cosmetic'' because they affect only the appearance of the
raw film and do not in any way affect the appearance or function of the printed
image.

In most cases, these cosmetic effects disappear entirely on ciposure and develop-
ment. For this reason, film containing flaws of this nature zhould be processed
before any attempt is made to evaluate such flaws.

Typical types of flaws that may be occasionally encountered are:

Contact Patterns: Same appearance as ''wet film.' Result from pressure;
disappear when film is unwound.

Turbidity: Apparent haze. Disappears when film is developed.

Cinch Marks (tiny scratches in turbidity): Appear to be microspots. Will not
show in projection in a viewer.

Minute Scratches on Base: Will not show on development.

Wrinkles: Will disappear on development,

Pock Marks in Base: Will not affect image.

Gauge Band (a band of pock marks): Will not affect image.

Haze Spots and Diffused Whitish Areas: Will disappear on development.

3-17



6900N10, Rev. B

Some specific items that can cause defects in the film are lamps, cylinders,
and heat drums. Particular attention may be necessary to detect and
eliminate these as the ''cause and effect'' of what appears as a film defect.

1. Lamps - Lamps deteriorate slowly with age. They may
become dark or cloudy on the glass envelope. This will
cause a reduction in UV output (called actinic efficiency)
to the film surface. If suspected, change the lamp or
switch lamps between the exposure and clearing stations
and evaluate the results and take appropriate action.
Replace bad lamps.

2. Cylinders - Cylinders may have abberations which will
print on film. Visual examination of the cylinder cannot
be considered as conclusive. Marks on film due to cylinder
defects will have ''periodicity.'" They repeat at exact inter-
vals corresponding to the cylinder diameter. Defects may
appear as marks across the film and have a low density or
may be clear. These are called striations. Circular areas
are caused from seeds, blisters, etc., in and on the glass.
Replace a defective cylinder.

Cylinders must be kept clean. As necessary, the cylinder
may be cleaned with a commercial antistatic cleaner free of
silicones. Do not use soap and water or any other abrasive
material. Plain water is acceptable. Dry with a lint-free
cloth. Do not allow cylinder to air dry.

3. Heat Drums - Heat drums have a tendency to collect dirt and
debris. Adhered dirt may cause defects to appear on the film
as spots or circular areas. At times, film may appear to
be "'embossed,'' that is, many minute clear areas. This may
be due to a dirty or damaged heat drum. Clean the drum
with a material such as alcohol. Do not use any material
which is abrasive or will leave a residue on the drum.
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SECTION IV

THE ELECTRO-GRAPHIC PRINT

4-1, THE PROCESS

The electrostatic process used in the DatagraphiX 3500 is capable of pro-
ducing excellent copy from either original silver film or the vesicular
duplicate. As in the standard photographic process, the ''normal'' develop-
ment produces an image of reverse sign to the film image. That is - a
film image containing white (clear) characters on a dark (opaque back-
ground will produce an electrographic print with dark (opaque) characters
on a clear background).

The paper which is coated with zinc oxide is first charged (bombarded)
with positive and negative ions. This occurs simultaneously as the paper
passes through the charge grid area.

The negative charge of -6000 volts is applied to the zinc oxide coated
surface while the positive charge of +5500 volts is applied to the back of
the paper. A net static voltage of -500 volts . The surface of the
paper is then exposed to light (the projected image). Areas of the zinc
oxide struck by the light are energized and lose a substantial portion of
the negative charge absorbed by the zinc oxide (Figure 4-1).

Negative Charge -6000v

RERERRN

T Y <o Zidme: Oxide coating

IR I

Pogitive Charge +5500v

Light passing thru clear f11m areas - removes negative paper charge

( -450v 150v \ K A\
Near zero potential

Figure 4-1.
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The paper surface is then saturated with toner (a carrier containing nega-
tive charged carbon or plastic particles). These particles being negatively
charged are repelled by the unexposed areas of the paper which are still
negatively charged and attracted to the exposed areas where the negative
charge is reduced or removed (zero potential) (Figure 4-2).

Toner Particles
Negatively Charged %

O PG G TID G G G W W W G FW P CE) WS > WP - - --—--—
-“.-‘“-_d‘-_.- D WD WEP W WD G e WD WO D
Pttt I Rt 9=d ] | ] Feudedinondind T [ ] ]

$-450v 11 %4507

- e e
- w arn
- om

- e

[-450v
V1 . P ILTPP SRS LRI L ALK 11001174771 Y M it/ tirss 47 rvvsagassess 3w TN Paper coati ing
t Image i L C

Formation Toner attracted by zero potential

Figure 4-2.

It should be noted that in areas of extremely low humidity the positive
charge applied to the base of the paper could theoretically be eliminated
and only the negative charge applied to the surface. This phenomenon is

possible due to the positive static charge picked up by the paper during
transportation in low humidity.
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The following graph illustrates the loss of charge (net static) potential
(negative) from initial charge through exposure:

N
E -500 volts
T
N
E  -400 volts
G
A
T
I -300 volts
v
E
V  -200 volts
O
L
T
A -100 volts
G
E

Zero Potential

A
f
!
' ]‘3 Dark Decay -
9 ' i‘* Expose to Print N >:
! | [
L |
|
L .
i L
| |
l |
l
L
S
: { ;
ﬂ ' !
§ L |
— R > 1
- Initial Dark Deca&Dark Decay to ‘LLight Decay - Exposurk
Charge Time 4 :Expose !
|
! ol
TIME *_tLight Decay Expose to Print

Figure 4-3. Negative Net Charge Loss

NOTE: Immediately following the corona charge there is a very sudden
loss of negative potential (point A above). The subsequent loss
prior to exposure (dark decay) is quite gradual (points A-B above).
Exposure to light causes a very rapid loss of negative potential
toward zero potential (points B-C above). The amount of decay
(loss) will vary with the amount of light and the period of exposure.

Correct exposure should reduce the negative potential to not more
than -50 volts.
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A substantial initial loss is experienced immediately following paper
charging; then the drop stabilizes and reduction (loss) of charge is
nominal over a long period of time.

In the direct image (sign to sign) pfocess the only difference is in the
carbon charge and its attraction to the paper. The carbon charge in this
case is POSITIVE.

Using the graph on page 3 and the attraction of opposites it can be seen
that in the direct process the carbon would be rejected by the exposed
areas (near zero negative voltages) and attracted by the unexposed (high
negative voltages) areas. Thus the image would be the same sign as in
the original.

4-2. BALANCING THE IMAGE

As in the photographic procéss the normal (reverse) print image is
inversely proportional to the film image.

For example, a wide light character on the film will appear as.a wide
dark character on the print. A thin dark character on the f11m will
appear as a thin light character on the print.

Exposure must be balanced for material within the image area (regardless
of line weight) to obtain a legible print, or must be exposed for one
particular segment of the image.

Whenever extremes of density (such as caused by tube fall off or poor
form slide density) exist, balancing of the image will be impractical
(i.e., given areas of the image will be too light or too dark for overall
legibility).

The characteristics of the electrographic process are such that image
balancing is more difficult and critical than with the silver process. A
narrow sharp original character will produce a better image than a broad
fuzzy character due to the tendency of the carbon to be attracted to the

edges of the zero potential area. That is - the areas of greatest differen-
tial as illustrated below.

Near zero volts

{ Potential \

5 -300 to -400 volts [ -300 to -400 volts*zy «—Paper

. Coating
kCarbon collection J
forming image

£-300to -400 volts £»

4-4 Figure 4-4.
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4-3. EFFECTS OF VOLTAGE POTENTIAL LOSS

Whenever the charged paper is subjected to zero or near zero potential
(such as in grounding) prior to image exposure and the area is then
exposed to light, the resulting loss of negative potential will cause a
black line or mark in the area of negative voltage loss.

If the grounding occurs after exposure, the resulting voltage loss will
frequently result in a weakening of adjacent image density due to spread-
ing of the carbon particles. This will generally show as a line or lines
of weak (light) characters.

‘—Normal Image Area

ST W

A - Represents grounding prior to
exposure causing dark areas.

B - Grounding after exposure causing
lightening or loss of data (image).

4-4. THE LATENT IMAGE

A latent image is the image formed during exposure but which cannot be
observed until development.

In the electrographic process, the zinc oxide coating on the paper is the
carrier of the negative potential charge. When the zinc oxide is subjected
to light, the negative charge is permitted to penetrate the carrier toward
the paper base (zero potential) thus reducing the charge between maximum
and zero, depending on the volume of light and the exposure time.

As previously stated, the electrostatic process requires a sharp narrow
exposure band for optimum development. If the exposure is too high or
too long, the zero or near zero potential tends to spread away from the
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image area into the background. This results in a broad, fuzzy, weak
appearing image rather than a strong, narrow sharp image.

———Image spread by over-
/ ~ exposure. '
S v \ NOTE: The longer

the exposure, the
broader the image

and the lighter the
image center. This is
caused by the charged
carbon being attracted
toward the image edges
(point of greatest differ-
ential) (Figure 4-6).

-400 volts
-300 volts F N
v \9Q
1
-200 volts C ‘
n Start
a Exposure
r
-100 volts g
Zero
Figure 4-6.
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SECTION V
OPTICS

5-1. REFLECTION

Using a fully silvered mirror, consider a monochromatic pencil beam of
light incident on a mirror face. The angle of incidence ©;, measured from
the perpendicular to the mirror surface, is equal to the angle of reflection O.

: Surface Normal

Reflected
Ray

Incident
Ray

/

{-Mirror

\ Fully Silvered Side

Figure 5-1. Reflection from a Plane Mirror

This is the law of reflection. All the rays travel in straight lines from
this plane mirror no matter whether ©. = 1° or 89°. The equation from
the law of reflection is simply stated.

Equation 6 ©; = 6,

Another important law is Snell's Law of Refraction. An easy way to
observe Snell's law is to place a straight rod in a pool of water. Even
though you know the stick is not bent by the water, it appears to be.

5-1



6900N10, Rev. A

Observer Surface Normal

Air

Figure 5-2. Refraction

The relationship between these two angles is not so obvious.

Table 1 is a list of the angles of refraction for an air-water interface.
Interestingly enough, this table was compiled by Ptoleny in 140 A.D.

Angles in Air Angles in Water

10° 8°

20° 15-1/2°

300 ‘ 22-1/2°

40° 28°

50° 35°

60° 40-1/2°

700 45°

80° 50°

TABLE 1
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Table 2 is a modern day tabulation of the same experiment:

Angles in Air : Angles in Water

10° 7-1/2°

20° 15°

30° 220

40° . 29°

50° 35°

60° 40°

700 48°

80° 49-1/2°

TABLE 2

It wasn't until a Dutchman named Snell found that the relationship was:

Nd Sin ers

Equation 7 Sin ©., =
quati i i N,

where ©; is the angle of incidence, Ny is index of refraction in the denser
medium, N, is the index of refraction in the rarer medium and ©rg is the
angle of reflection measured from the surface normal to the ray. Note
here that the sine component of the wave is the horizontal component and
the cosine is the vertical component. Every lens bends the rays of light -
and the light rays obey the law of refraction. Using two mediums of the

same index of refraction, Ni = N, Snell's law reduces to:

Equation 8 Sin ©f = Sin Oypg
which further reduces to:
Equation 9 ©; = Op

1

which indicates that there is no refraction.
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Looking at Table 2, where the values for incident and refracted angles
have been listed for a ray going from air to water, it is interesting to
note that the ray will not be refracted more than about 50°. Question:
If a pencil ray of light is incident in the water on the water-air surface,
will it refract into the air? The answer is no. Shown in Figure 5-3 is
the phenomena known as total internal reflection. Here, the ray when

incident at an angle greater than 50 degrees will be totally reflected back
into the water.

Surface Normal

Air

o)
©; 750

Figure 5-3. Total Internal Reflection

5-2. RAY TRACING

Although most of your work will not require lens examination, an under-
standing of how the light passes through a lens is helpful when trouble
shooting. Since ''geometrical optics'' uses straight line paths for light

rays we begin by applying the ray tracing techniques to mirrors and lenses.
Mirrors are more simple to understand than lenses, since they are only
involved with the law of reflection. For a plane mirror, the ray tracing
is extremely simple as shown in Figure 5-4.

L
<
/’.‘\
S ~
- -
- \\
- -
Object 12" c e e e p o= — e — — = — "=, Image
~ }
-
~ . J
————\—\—-—-’—-1b —---—-—J.-——-
~
-
\‘ P
~ -
~ 7
RN B 1g
e
rd
g o
&

Figure 5-4. Image Object Rays

The image I appears to be directly behind the mirror and an equal distance
from the mirror as the object.
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There are several conventions and specific terminology used in ray tracing.
First, when using lens formulae, the sign convention must be established.
The convention, though not universal, states that a distance measured from
a lens or mirror to real image or object is positive and one measured
from a virtual image or object is negative. The meaning of real and
virtual will be explained below.

Looking at Figure 5-5 one can trace the rays from object A and construct
the axial image position A'. Image A' is said ot be virtual since the rays
of light do not actually pass through pt. A'. It is only the method of ray
construction that gives us the apparent image position,

Fully Silvered Mirror

\
\\ '\\v (X)}i{:igal
A A(!
Object ‘ Image

Figure 5-5. Axial Ray Tracing

The geometrical properties of conic sections are useful in lenses also.
Shown below are several kinds of lenses.

AN
VoA

Double Double Plano- Plano- Negative
Convex Concave Convex Concave Meniscus

Figure 5-6. Lenses

The curve surfaces can be any one of the conic surfaces depending on the
use required. In lens design, many elements are put together to achieve
proper imaging. This type of lens is said to be multi element lens systems,
but first let's do some ray tracing through simple thin lenses.
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Object
Focus
f
Focus f!
Real
Image
Figure 5-7. (Double Convex Converging Lens)
s — >
NI~
\\ — R
Virtual _
Image 7
e
7t Object g
Figure 5-8.  (Virtual Image)
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The difference between a real image and a virtual image is that the real
image will focus on a film or paper, but the virtual rays diverge. Your
eye can see a virtual image. Can you explain this?

For a symmetric lens (one with equal focal lengths on both sides), the
image location can be obtained using the lens formula:

(GAUSSIAN FORM)

1
Equation 10 + T =

| =

1
0

Where O is the distance from the lens to the object, I is the distance
from the lens to the image, and f is the focal length of the mirror. If
one measures the object and image distances from the focal point, the
equation simplifies to:

Equation 10a  S;S, = f2 (NEWTONIAN FORM)

Where S, (object distance) is positive when the object is to the left of the
focus f and S; (image distance) is positive when the image is to the right of
the focus f*. For a diverging lens a negative sign must be inserted in
front of f2 in equation 10a.

Another convention is used when computing the magnification. Using
Figure 5-5, and the triangle common to the image and object, the magni-
fication can easily be shown to be:

Equation 11 m = Yi = L
Yo O

where y, is the height of the object and y; the height of the image. Again
one should remember the sign convention of real image and object distances
positive since it can indicate whether the image is upright or inverted. A
positive magnification factor indicates an upright image, and negative an
inverted image. ’

The ray tracing method used for one lens is valid for lens combinations.
For simplicity we shall take two double convex lenses.

5-17



6900N10, Rev. A

Lens 1 Lens 2 Final Image

First
Image

Figure 5- 9. Two Lens Combination

At this point it is instructive to compute some of the image parameters.
Problem #1 insert: Hint: Is this a converging lens? If not, should the

image be the same as the converging lens? Notice the placement of the
face.

§
[

[

Object

Problem #1. Graphically locate the image.

How high is the image? Virtual or real? Inverted
or right side up? What is lens magnification?.
Check all measurements by using formula.

5-8
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The imaging for off axis rays causes a slight fuzzy appearance. For a
spherical mirror this focus condition is known as spherical abberation.
Figure 5-10 indicates the focus and circle of least confusion.

‘ . Circle of
Circle of Confusion
Lens Least '
Confusion \
{ i
t Principal
! Focus i
' 0
/ 8
' !
L OF *
{
Circle of

7 — Confusion

Figure 5-10. Circles of Confusion

When we study lenses we shall find a phenomena with spherical lenses.

The next conic surface to be considered is the parabola. A parabola is
constructed as shown in Figure 5-11.

Distance from Pt. A to directrix

equals the distance from Pt. A to
the focus

#
D D e P D G > e > > s o> e > o

Directrix

Figure 5-11. The Parabola
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A ray coming in parallel to the axis of a parabolic mirror will always
pass through the focus unlike the sperical mirror. The most widely used
mirrors in astronomy have parabolic surfaces.

The ellipse also has some interesting geometrical properties. Any ray
originating at a focus, say a will pass through the other focus, b upon
reflection. It is also a property of the ray that the distance is a constant:
x + y = constant. If you had a light source at one focus it would focus
and concentrate at the other focus. An elliptical reflector is used in the
projection assembly of the DatagraphiX 3400.

Major
Axis

- e ests ww .-

Figure 5-11b. The Ellipse

5-10



6900N10, Rev. A

5-3. STOPS IN AN OPTIC SYSTEM

It is beyond the scope of this syllabus to detail the mathematical steps
necessary to prove some of the following statements. In place of the
proofs reference material is given if details of proofs are desirable.

The placing of stops in an optical system can have many effects. The
two properties of the optical field that are of primary concern are the

brightness and the field of view. Let's first discuss the brightness of a
field.

Aperture Stop

Lens / ‘:'

Object _——
R /A - o

\

e
(S
\

Screen

\

Figure 5-12. Aperture Stop

The half-field angle is usually measured in degrees, but sometimes one
uses other angular measure. Listed in Table 3 are some angular measures:

1 degree = 17.778 miles (Army)
= 17.4533 milliradians

1 radian = 57,296 degrees
1 Army mil = 1/6400 of a circle (360°)
1 Navy mil = 1 milliradian

TABLE 3
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It is quite obvious that the half-field angle is determined by the position of the
stop and the width of the aperture. When the stop is closer to the screen it is
commonly called a field stop.

An often used term associated with the size of the aperture is the f/number or
f/stop. The f/number of an optical system is given by the formula below.

Equation 12 f# a

[ovr—

f (focal length)

where a = aperture diameter, f is the focal length and the object is located at
infinity. If the object is not at infinity, one calculates the effective f/number.

Equation 13 fo = 1_
f (focal length)

I = image distance and f = at infinite focus. Frequently used f/numb ers are
2.8, 4.0, 5.6 for DatagraphiX lenses.

When an f/number change is made on a lens say from f/5.6 to £f/4.0 the depth
of field (tube face) and depth of focus (film plane) change. Using a ray diagram
we can see the effect of a stop change.

oo

P'

fe

gD
Depth of Field / l \ Depth of
Focus

N

VT '<'-—-4°)

Stop

Figure 5-13. Depth of Field and Focus)

The importance of this phenomena is realized when a lens change or f/stop
change is made and there is a loss of focus. A focus run must be made
before mainframe is ready.
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There is virtually no effect on the optical axis to the image illuminance
other than normal field fall off. It is when the image is located off-axis,
as shown in Figure 5-14, that the image illuminance is greatly affected.

 Eg = Eo cos4(I)

Figure 5-14. Illuminance Dependence on Field Angle

5-13
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Let n be the solid angle subtended by the exit stop at the image on axis and
.ﬂ_ be the solid angle at off-axis position I and it can be shown that the
decrease in image illuminance decreases by fU /!L = 0082 ©. In addition,
the decrease in areas as seen from image point I is reduced by cos © factor and
the non-normal incident light decreases the. illuminance by another factor of

cos (—) The result of imaging too far off-axis is now seen to be a function of the
cos? © as indicated in Equation 14.

Equation 14 E =E, cos4 (2]

where E, is the axial image illuminance. The cos4 © loss is obviously something
that can not be eliminated since not all the image can be put on axis. The
illumination of an image is inversely proportional to the square of the f number.
It was decided that exposure difference would change hy factors of two, thereby
changing the f-numbers by factors of W The illumination changes by 1/2

as given in Table 4.

f-number 1 1.4 2 2.8 4 5.6 8 11 16 22

I1lumination 1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/51-2

Relative Exposure 1 2 4 8 16 32 64 128 256 512
TABLE 4.

Under the topic of stops one last subject is of importance: Vignetting. This term
is used for the light being incident at such an angle that the rays passing by the
stop are allowed to go past the lens without touching it, A graphical representation
is given in Figure 5-15.

5-14
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- Aperture
Stop

Object Plane

Aperture
Stop

Figure 5-15. (Vignetting)
Vignetting is most commonly found in wide angle lens applications.

5-4. THIRD ORDER ABERRATIONS

Without involving ourselves with the mathematics of the theory of aberra-
tions, we shall give some brief explanations and examples of all of the
third order aberrations. Briefly the use of third order means that the
variable has been cubed, (x3 or 03), in the mathematical approximation.
All of the aberrations we shall discuss in this section shall be considered
monochromatic aberrations.

There are five deviations from the Gaussian ray tracing in third order
theory. They are: spherical aberration, coma, astigmatism, curvature

of field, distortion. Spherical aberration has two components as shown in
Figure 5-16.
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Object

Longitudinal
Aberration

. .
(]
] [}

Lateral

Lens

Figure 5-16. (Spherical Aberration)

Aberration

The spherical aberration can not be eliminated completely, but can be reduced

by proper choice of the radius of curvature.

The second aberration is called coma. Coma is seen when the incident ray has
an angle of B with respect to the optical axis as shown in Figure 5-17,

s

Figure 5-17. (Coma)
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This aberration occurs for off-axis rays even though the lens has been
corrected for spherical abberation.

Astigmatic lenses have still another abberation problem. It should be
noted here that the first two aberrations must be corrected or minimized
first. Figure 5-18 gives an example of aberration. It is good to note
the tangential and sagittal planes which represent the image.

Circle of Least | | ==
Confusion L~ |
Tangential T\
5

Plane = / ,

Sagittal Plane

Lens

Figure 5-18. (Astigmatism)

In between these two planes is the circle of least confustion, C. Astigma-
tism can occur in either the tangential plane or the sagittal plane. Shown
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in Figure 5-19 is a sample of both conditions.

Tangential Astigmatism

Spokes are spread more as
distance from center is increased.
Rim and hub are constant.

Sagittal Astigmatism

Q_.Outer rim and hub of wheel
are widened. Spokes remain
constant.

Figure 5-19. (Sagittal and Tangential Astigmatism)
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Remembering the properties of the parabola we find that a paraboloid
(surface generated by rotating a parabola) will eliminate the astigmatic
condition. This surface is known as the Petzval surface.

Curvature of field is also a source of image degradation if the image
surface is not curved the same as the Petzval surface for the optical
system. Often times it is difficult to curve the image surface such as
film. In these cases the field of view has to be minimized since the
film or recording media cannot easily be regulated.

Last to be considered in third order aberrations is distortion. When an
image is distorted the magnification throughout the image field is non-
uniform. Two classic examples of distortion are illustrated in Figure
5-20. Equation 15 gives the mathematical relation for a distortion-free
image field.

Object Barrel Pincushion
Distortion Distortion

Figure 5-20 (Distortion)
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Equation 15 tan ©1 = const

where © is object ray angle and ol is image ray angle.

5-5. KEYSTONING

The phenomena of keystoning should not be confused with lens aberrations.
When a square is projected into a trapazoid, Figure 5-20a, the effect is
due to misalignment of the optical system, not the lens itself. This is
not a third order aberration.

A B A A B' B
! !
/ \
/

Object Image
(ABCD) (A'B'CD)

Figure 5-20a. Keystoning
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5-6. DIFFRACTION, INTERFERENCE. AND RESOLVING POWER

Another property of light that has wave nature is interference and diffrac-
tion. Of primary interest to us is the diffraction due to edges of a stop in
the camera or the lens itself, Let's look at the lens first. If we take a
small distant object point in front of a condensing lens we find that around
the image of this point is a "halo.'" This halo, shown in Figure 5-21, is
called the Airys diffraction disc.

Airy Disc

Object

h{— —=>Dx

©

X

Figure 5-21. (Airy's Diffraction Disc)

To compute the diameter of the disc, Dy, you need to know the wave length A

{ A ), index of refraction of image space medium (n) and the angle 64 between the
extreme ray and the optical axis Dx ,

Equation 16 D, = 1.22
N Sin ©

Even more useful is calculating the resolution limit of a lens due to diffraction.
Here we are concerned with the diffraction of the lens plus the aperture setting.

The diffraction will limit the resolution of a lens according to the following
formula.

Equation 17 R; = 1600 lines/mm
: &/#)
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Rt is the theoretical limit of resolution of the lens and f is the f-number
of the lens. The resolving power in theory can be thought of in terms of
wave length. If we use the lens system shown in Figure 5-22 -- has two
point sources Pl and P2 -- the resolving power at I is a function of the

frequency and separation of the object.

T e Image
D, I
[ ]

Converging Lens

Figure 5-22. (Resolving Power)

One can resolve both points 1 and 2 if the time it takes for the light to
reach point 1 differs from the time to point 2. Obviously, if the light
takes the same time the points will coincide and will not be resolved.
The minimum time difference required to resolve point 1 from point 2
is one period T of the light frequency ) . This corresponds to a path
difference of X\, the wave length. With geometry it is easily shown that
the distance between the points Dp must be larger than XN/n sin O.
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5-T. CHROMATIC EFFECTS

The topic of different wave lengths of light could be a book by itself. We
shall consider only a few topics as they relate to the DatagraphiX system.

Before we consider some of the results associated with different colors,
different wave lengths ( N), it is instructive to consider the source of
light in the DatagraphiX system. All film imaging devices use the P22B
phosphor from the cathode-ray tube or a Xenon flash lamp for the form
slide. Shown in Figures 5-23 and 5-24 is the emission spectrum for
each source.

Spectral ,
Efficiency «= 9x 10'4 watts

A®/Watt

4 & 3

'z - hd

4500 A° 5000 A° 5500 A°

Wave Length

Figure 5-23. (Emission Spectrum for P22B Phosphor)
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L

Relative ¢
Intensity

2 A " A
¥ = L Ay

4500 A° 6000 A° 7500 A° 9000 A°

Wave Length

Figure 5-24. (Xenon Flash Spectrum)

Using the light from the tube we must ha(ye a lens system that focuses the )\
= 4500 & at the same point as the 5500 A light. If we plot the index of refraction
versus wave length for several types of glass, we notice a trend.
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Index of
Refraction
1.56 dm Light Barium Crown
Telescope Flint
1.54
Crystal Quartz
1.52 ¢=
Borosilicate Crown
| | 1 { [
Violet Blue Green Yellow Red

Figure 5-25. (Dispersion)

As the wave length increases from violet to ''red'" the index of refraction in that
media decreases. When the index of refraction changes so does the speed of light
for that media. The higher the index of refraction the slower the electromagnetic
wave travels. The result is focusing at different points for each wave length of

the spectrum. The chromatic aberration as it is called is very similar to

spherical aberration in the sense that both have a lateral and longitudinal component,
To have the image from the tube give a sharp image over the spectral range the

lens must be corrected for chromatic aberrations. Chromatic aberration is also
called dispersion.
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The difference in the spectral output of the tube and the xenon flash has been
used to aid the imaging system in the DatagraphiX 4060, Shown in Figure 5-26
is the configuration of the tube and form flash in the DatagraphiX 4060.

Form Flash Plate Camera
> > - -
¥ . A==
Xenon
Flash ;
Lamp |
Dichroic
Mirror
(CRT)
Tube

Figure 5-26., (DatagraphiX 4060)

The dichroic mirror is used to reflect the blue light from the tube and transmit
the green light from the xenon flash unit. This allows the recorder to put the
tube images and form flash image on the tube simultaneously.
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5-8. OPTICAL ALIGNMENT PROCEDURES

A. Introduction

The D657 tooling autocollimator (Fig. 5-27) is designed to allow optical
alignment of the surfaces used for data recording on microfilm by a
DatagraphiX Service Representative.

The collimator light source sends a beam of light out of the objective in
the form of parallel or infinite rays of light. When these rays of light
are deflected by a tilted mirror, the angle thru which the reflected beam
is turned is equal to twice the angle of mirror tilt. (Angle of incidence
plus the angle of reflection.) However, the D657 has a built-in compensat-
ing factor that permits reading the exact angle of mirror tilt.

B. General Description

The standard D657 autocollimator is supplied with a cross-hair and a
measuring reticle. Starting at the center of the measuring reticle, the
values of the series of circles are one (1) minute each with each 5th
circle numbered. The reticle supplied in this kit will read up to 30
minutes of error.

The values of the measuring reticle are accurate to 1% or 10 seconds.
The instrument will repeat null readings to T 1 second of arc. The total
measuring range of the D657 is 1 degree of arc.

As the distance between the autocollimator and the external reflector
increases, the measuring range decreases. The following table lists the
measuring ranges at different distances using full aperture:

DISTANCE MEASURING RANGE
3 feet 1 degree
10 feet 18 minutes
20 feet ‘ 9 minutes
C. Care and Maintenance

—

The D657 autocollimator is designed for a minimum of maintenance and
should be treated as you would any fine optical instrument. Do not allow
oil or water on the lens or interior optical elements. Keep clean, using
only a soft brush or lint free material to remove dust from the optics.
The D657 requires no lubrication and no parts should be lubricated.
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D.

General Procedures

This instruction package is written in three (3) sections, as listed below:

Section 1
Section 2
Section 3

4060 Printhead Optical Alignment

4460 Printhead Optical Alignment
Printer (4200, 4400, 4360, 4440) Optical
Alignment

It is essential that all steps of each section be performed in order to

assure proper

5-28

alignment of optical paths.

LAMP
MEASURING RETICLE
EYEPIECE LENS
CROSS HAIR RETICLE
BEAM SPLITTER

OBJECTIVE LENS

Liw
(o]

@

palo
POWER PALK

Q

' = D416
/ POWER PACK
/—105-1429-036

LAMP CONNECTOR CORD ASSEMBLY

210-0103
- LAMP CONNECTIGR

105-1810
LAMP HOUSING ASSEMBLY

333-0009-3280
LANP (GE 328)

105-1822 .
EYEPIECE ASSEMBLY

FIGURE 5-27
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5-9. 4060 PRINTHEAD OPTICAL ALIGNMENT

A. Equipment Required

Davidson D657 Autocollimator w/power pack
Davidson D212 Adjustable Mount

Adjustable Stand Assembly

Form Slide Alignment Mirror

CSBT Alignment Mirror

Form Slide Holder Spacers, two required
Focus, Focus Paper Tape Program

4060, 4460 Resolution Form Slide

Cam. Mirror

) ° °

.

OO IO Ok whh

B. Alignment Procedure

Refer to Figures 5-28 thru 5-31 of this section.

1. Remove end cover from unit. (Fig.5-28, Item 1)
2. Remove form slide lamp box. (Fig.5-28, Item 2)

3. Remove form slide holder. (Fig.5-28, Item 3)

4, Remove form slide corrector lens assembly. (Fig. 5-28, Item 4)

5 Replace form slide holder, using spacers between slide holder
and optical system housing. (Fig. 5-29)

6. Remove window assembly nearest to camera lens. (Fig. 5-28,
Item 5)

7. Insert form slide mirror in form slide holder with mirror
surface toward camera.

8. Set up autocollimator and stand at camera end of unit. (Fig. 5-30)
a. With Vought 16mm or 35mm camera installed, set height of

collimator 'line of sight' so as to allow alignment on film
exposure station of camera. (Fig. 5-30, Item 1)
b. Remove film guide roller. (Fig. 5-30, Item 2)

9. Remove camera, taking care not to disturb collimator height
adjustment.

10. Adjust collimator in azimuth and pitch to place reflected ring
image (yellow color) from the form slide mirror to zero minutes
of error. Reflected ring image can be focused sharply by rotat-
ing collimator eyepiece assembly. Remove form slide mirror
and cover opening to eliminate ambient light, or insert a black
piece of paper in front of mirror. Collimator is now aligned
to emulsion plane of form slide.

CAUTION: Extreme care should be now taken not to move colli-
mator or machine during following steps.
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11.

12.

13.

14,

15.

16.

17.
18.

19.

Install the 4060/4460 CSBT face mirror directly on the CSBT face
with the reflective surface down. (Note: Remove corrector lens -
"fish eye'') the reflected rings (blue-white color)should be within 3
minutes of arc. If not, adjustment is required in both Comic and
Cine rotation to bring the overall error to within 6 minutes of arc.
(Fig. 5-31)

NOTE: Correction adjustment in most cases will require movement

of CSBT within tube shield and tube mount base. Record all readings

of all steps to assure correction is in the right direction.

Install camera and secure. With camera mirror placed on film

plane at exposure station, reflective surface facing optics housing,
align camera mount in azimuth and pitch to within 1 minute of error.
If both 16mm and 35mm cameras are used, repeat Step 12 for each.
If error between camera types is larger than 3 minutes, average the
readings and re-adjust the mount to that average.

Replace corrector lens (fish eye), form slide corrector lens, form
slide holder, lamp box and window assembly near camera lens.

Adjust camera lens for sharp focus of form slide on film. Use
camera alignment telescope prior to filming.

Adjust tube display, ''Matrix Test Pattern' for sharp focus on film.
Use camera alignment telescope prior to filming.

Load "Focus, Focus' program into core.

Run focal tests by adjusting lens around setting found by using camera
alignment telescope. Set to best output.

Install resolution form slide, and run approximately 20 frames in both
Comic and Cine rotation for fall-off and resolution evaluation.
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CAMERA MIRROR
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FIGURE 5-30
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4460 PRINTHEAD OPTICAL ALIGNMENT

A. Equipment Required

00 IO O b W N
. . .

Davidson D657 Autocollimator w/power pack
Davidson D212 Adjustable Mount

Adjustable Stand Assembly

Form Slide Alignment Mirror

CSBT Alignment Mirror .

Focus, Focus Paper Tape Program
4060/4460 Resolution Form Slide

Cam. Mirror

B.  Alignment Procedure

Refer to Figures 5-32 and 5-33 of this section.

1.

Open right hand bay door. (Fig. 5-32, Item 1)

Remove U/C camera supply amd take-up cannisters.

Remove U/C transport housing from camera.

a. Remove 2 holding/hinge screws (Fig. 5-32, Item 2) to
accomplish this step. Also, remove power cables!

Remove U/C camera lens and holder.

Position lens mount slide to center of camera.

Insert form slide mirror in form slide holder with mirror sur-

face toward camera. (For details, see Steps 1 thru 6 of

Section 5-7.

Set up autocollimator and stand at camera end of unit (Fig. 5-32).

Position autocollimator in height, azimuth and pitch to look thru

camera lens opening to form slide mirror. Adjust collimator

in azimuth and pitch to place reflected ring image (yellow color)

from the form slide mirror to zero minutes of error. Reflected

ring image can be focused sharply by rotating collimator eye-

piece assembly. Remove form slide mirror and cover opening

to eliminate ambient light, or insert a piece of black paper in

front of mirror.

Collimator is now aligned to emulsion plane of form slide.

CAUTION: Extreme care should be now taken not to move collimator or

9.

machine during the following steps.
Install the 4060/4460 CSBT face mirror directly on the CSBT face

with the reflective surface down. The reflected rings (blue-white
color) should be within 3 minutes of arc. If not, adjustment is

5-33



6900N10, Rev. A

NOTE:
within tube shield and tube mount base. Record all readings of all steps
to assure correction is in the right direction.

10.

11.

12.

NOTE:
they are prefocused before shipment. Do not touch alignment.

5-34

13.

14,

required in both Comic and Cine rotation to bring the overall
error to within 6 minutes of arc. (Refer to Section 5-7,
Fig. 5-31)

Correct adjustmenf in most cases will require movement of CSBT

With camera mirror securely held against the U/C camera
aperture rollers (Fig., 5-32, Item 3), reflective surface facing
optics housing, align camera mount in azimuth and pitch to
within 1 minute of error. Remove camera mirror and re-check
collimation on form slide mirror.

If a Vought Camera is part of the 4460 system, perform the

following additional steps:

a. Remove U/C camera from camera mount.

b. Secure ''adapter' plate to camera mount (Fig. 5-33)

c. Place Vought Camera on adapter mount. Do not secure
at this time.

d. Remove magazines, pressure plate assembly and guide roller
(refer to Section 5-32, Fig. 3).

e. Place camera mirror on aperture block with reflective
surface facing optics housing.

f. Set up autocollimator using Step 8.a and 8.b of Section 5-7
as guide.

g. Remove camera and recheck for zero error from form
slide mirror. ,

h. Replace camera and camera mirror. TUsing the 4 allen set
screws located at each corner of adapter plate, adjust camera
for less than 1 minute of error. Now using thumb screws,
secure camera to ''adapter' plate and again check for no
change in alignment. T

Return 4460 system to original configuration for processing film.

Load "Focus, Focus' program into core.

The Universal Camera lens' DO NOT REQUIRE focusing because

Run focal tests by moving U/C camera forward or backward on
mount until best output is achieve.

Install resolution form slide, and with 25X installed, run one
fiche for fall-off and resolution evaluation.
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5-11.

4200, 4400, 4360 & 4440 OPTICAL ALIGNMENT

A.  Equipment Requir ed

) . .

.

.

00 -JO0 Ul ih W N =
L]

Davidson D657 Autocollimator w/power pack
Davidson D212 Adjustable Mount
Adjustable Stand Assembly

4200, 4400, 4360 & 4440 Form Slide Mirror
4200, 4400, 4360 & 4440 Resolution Slide
Camera Mirror

CSBT Mirror

Spring Clips

B. Alignment Procedure - w/Universal Camera

Refer to Figure 5-34 of this section.

1.

OV w N

(o]
.

NOTE:

Remove outer and inner end panels if 4360 or 4440. (Fig. 5-34,
Items 1 & 2)

Remove supply and take-up cannisters.

Hinge the transport assembly down, a s shown in Fig. 5-34.
Install printer form slide mirror.

Place collimator and adjustable stand assembly at end of lowered
transport, as shown in Fig. 5-34.

Remove lens assembly. Position lens mount slide to center of
camera.

Adjust autocollimator for zero error in azimuth and pitch from
form slide mirror.

Multiple sets of reflected ring images may be observed, one

from each pellicle housing window and a bright one from the form slide
mirror (yellow in color).

Collimator is now aligned to the same plane as the form slide. Removal
of the form slide mirror causes the loss of the centered ring images from
the form slide.

8.

Using spring clips and associated mounting hardware (Item 20)
attach the CSBT mirror (Item 19) to face of tube in the center.
Reflective surface toward tube. Place in operating position and
adjust tube mount assembly for less than 3 minutes of error in
all three rotational positions.

Tube face is now aligned to form slide.
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Place the camera mirror securely against the U/C camera
aperture rollers (Fig. 5-34, Item 3), reflective surface facing
optics housing, and align camera mount in azimuth and pitch to
within 1 minute of error. Remove camera mirror and recheck
collimation on form slide mirror,

Return system to operational status and set-up for focus runs.
Select best run and ''lock' camera down. Re-check camera
collimation against form slide and re-adjust camera mount if
collimation has moved.

Install printer resolution form slide and film 1 full fiche for
fall-off and resolution evaluation.

For resolution evaluation, (using a 42X lens) the resolved target

group should be approximately 3. 1.

Alignment Procedure - w/Vought Camera

C.
1.
2.
3.
4.
5.
NOTE:

Remove cannisters, film pressure plate assembly, and film
guide roller. (Fig. 5-35, Item 1)

Install the printer form slide mirror.

Place collimator and adjustable stand assembly at end of camera
bay (left of camera).

Position collimator so as to be able to look into the cameras
take-up output opening. (Note Fig. 5-35)

Remove camera and adjust autocollimator for zero error in
azimuth and pitch from form slide.

Multiple sets of ring images may be observed, one from each

pellicle housing window and a bright one from the form slide mirror
(yellow in color).

6.

Place a piece of black paper over form slide mirror for the next
step.

Using spring clips and associated mounting hardware (Item 20)
attach the CSBT mirror (Item 19) to face of tube in the center.
Reflective surface toward tube. Place in operating position and
adjust tube mount assembly for less than 3 minutes of error in
all three rotational positions. Tube face is now aligned to form
slide.

Re-install camera, taking care not to disturb collimator setting.
With camera mirror placed on film aperture plane at exposure
station, reflective surface facing optics housing, align camera
mount in azmuth and pitch to within 1 minute of error. (Fig.
5-35, Item 2)
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Return camera and system to operational status and run a focal
spread to find best focus. Lock lens down.

Install printer resolution form slide and run approximately 20
frames of F/F data for fall-off and resolution evaluation.

For resolution evaluation, (using the 45 M/M lens) the resolved
target group should be approximately 3. 6.

==

- e eesia

FIGURE 5-34
(4360/4440 w/U.C.)
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Remove existing Flat
head screws, 2 places

“Mount Spring Clips usi

2 round head screws
provided in Item 20.

Write Check Assy..

Mount Spring Clips
using 2 Nuts provided
in Item 20.
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SECTION VI

IMAGE ANALYSIS

6-1. SPECTRUM AND SPECTRUM ANALYSIS

In 1666, Isaac Newton sent a beam of white light through a prism which
broke the light into seven bands which he called the spectrum. Newton
showed that light we think of as white light is actually made up of different
colors. These seven separate colors are red, orange, yellow, green, blue,
indigo, and violet. More than one hundred colors can be seen if the light is
carefully separated. A Dutch physicist, Huggins, at the same time as
Newton, believed that light behaved as waves in the water and gave rise to
the wave theory., In 1801, Thomas Young presented proof that light is
transmitted in waves. Light waves are of different lengths and the wave
length determined the color. Red has the longest wave and violet has the
shortest wave in the spectrum. Light does not separate through air because
all the waves travel at the same speed, but when it strikes something they
travel at their own speed (longer -- slower, shotrter -- faster)., In 1900,
Planck stated that light consisted of definite packages of energy and each
"quantum'' depends on the length of the wave or the vibrations per second.
He combined Newton's and Huggin's theories and brought about the development
of the quantum theory.

6-2. ULTRAVIOLET RAYS

The band of electromagnetic waves just beyond the violet end of the visible
light spectrum are the ultraviolet rays (UV). These are broken up into three
categories being the near UV region, the middle UV region and the far UV
region.

The sun is the most common natural source of UV. The UV is absorbed by the
gases around the sun and by the.smoke and air that we breathe., Short UV waves
(the far region) are most harmful to the body and can cause skin cancer.

Mercury vapor lamps are the most common sources of artificially generated
UV. They are made of quartz or fluorite because of their transparency for
ultravielet since ordinary glass absorbs ultraviolet.
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6-3

6-2

LIGHT SOURCES FOR PHOTOGRAPHY

Daylight

Daylight is a mixture of direct sunlight and reflected light from the

sky and from nearby objects; the relative proportions of the two kinds
of light depend on the location of the subject, the altitude of the sun
and particularly on the atmospheric conditions. Maximum illumination
available from the sun at 42% latitude is about 10, 000 foot-candles.

Artificial Light

1. Incandescent Tungsten Lamps - consist of a drawn filament
of tungsten in a glass globe containing argon and nitrogen.
Life from 200 - 1000 hours.

2. Photoflood Lamp - a tungsten filament lamp in which the
filament is operated at voltage much higher than normal.
Life from 2-10 hours.

3. Flash Lamps - may be divided'into two types. The first, and
more common, type consists of a glass bulb containing:

a. Aluminum or aluminum-magnesium in the form of:

(1) Wire
(2) Shredded foil
(3) Leaf foil

b. Oxygen at a pressure equivalent to about 300 mm of mercury.

c. A small filament covered with a primer and connected to the -
terminals of the lamp.

When current is applied, the filament is heated, primer ignited
and, in the atmosphere of oxygen, the aluminum is consumed
within a fraction of a second producing a light of high intensity.

The second type, known as the Speed Midget (SM) lamp, contains
neither foil nor wire filling. A heavy coating of primer carried -

on the filament and lead-in wires burns in oxygen to produce the
light, There is more rapid combustion in this lamp (5 milliseconds)
as compared with 20 milliseconds for the foil and wire lamps.
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Carbon Arc Lamp - the simplest arc lamp consists of two
carbon electrodes so arranged that they can be made to touch
and, when sufficiently heated by a current of electricity,
separated so as to leave a small air gap. The resistance to
the passage of an electric current across the gap between the
two electrodes raises the temperature to the vaporization

point producing an intense light. The carbon arc lamp is useful
in photo-mechanical processes, in blue printing (Diazo) and
other processes.

Gaseous Conductor Lamps - lamps of this type consist of a
tubular bulb with an electrode in each end, the tube being filled
with sodium, neon, mercury or another suitable element.

When a current of suitable voltage is applied, the flow of current
produces an arc, and light is produced as a result of electronic
displacements within the atomic structure of the gas. The
spectrum is confined to four bright lines in the violet, blue, green
and yellow, the visual appearance being strongly bluish. Lamps of
this type, therefore, are not suitable for use with color sensitive
materials in photography. They are useful for projection printing,
blue printing, photo-mechanical reproduction processes.

Advantages include low current consumption, high degree of
diffusion and low operating temperature. The disadvantage is

the required time to start the lamps. This makes them undesirable
when the light must be switched on and off such as in a contact
printer,

Fluorescent LLamps - these lamps are a development of the mercury
vapor lamp. The vapor pressure and voltage are adjusted so that
the discharge produces little visible light, but has a high emission
of energy in the ultraviolet. The inside of the bulb is then coated
with certain phosphors which are capable of absorbing energy of
short wavelength and re-radiating this energy in a longer wave
length range. The nature of the energy finally emitted can be
controlled by an appropriate choice of coatings, e.g., Calcium
Tungstate 3100 A° Peaks @ 4400 A° to 7000 AO; Cadmium Borate
3200 A® Peaks @ 6000 A® to 7500 A°.
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6-4. FILM SENSITIVITY
The emulsion is sensitized to certain wave lengths of light, namely for

the imaging of excited P22B phosphor. The phosphor has a spectral
emission curve as shown in Figure 6-1.

4550 A°

Quantum ?
Efficiency

o
4000 A 5000 A° )\ —

Figure 6-1. (Emission Spectrum of P22B)

The emulsion obviously must be capable of réasonable response in the 4000 ?&
to 5500 & region of the visible spectrum. Looking at the Stromberg DatagraphiX
film response in Figure 6-2 indicates the regions of peak response.

Relative
Sensitivity

2 3

3800 A° 5500 A°

Figure 6-2. (Spectral Response of DatagraphiX film)
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6-5. SENSITOMETRIC MEASUREMENTS

We now come to the discussion of the film images and how they are measured.
To date no method is generally accepted by which one can give a quantitative
measure of image quality., Many parameters, however, are quite frequently
used to describe the image or the capability of the photo-optical system. It

is these commonly used terms that we shall discuss here.

Our first interest is how does the film respond to light? The film, when given
lots of light, turns very dark when negatively processed. If given more light
the film doesn't get any darker., At this level of exposure, one has saturated
the film and the opaqueness or density of the metallic silver has reached the
maximum. This means that more exposure doesn't yield more film density.
In an analogus manner if we start with a very weak source of light, it might

not yield any appreciable density on film until a certain threshold value is
reached.

The response of a typical silver film is shown below in Figure 6-3.

S Drnax
n\Shoulder
|
:
i
Density {AD Ab
! (Gamma)
. | K Alog E
B |
{
:
D . )
min .
‘ / . .
1.0 2.0

Log Exposure
Figure 6-3, (D-Log E Curve)
The reason for using D-IL.og E for the parameters is found in the 1890 paper
by Hunter and Driffield. The opaqueness of a silver film is a measure of how

transparent the film is. If we let T be the transparency, then I/T is the
opacity and log (I/T) represents the mass of silver per unit area in the developed
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area, commonly referred to as density, D. When plotting the density, D,
versus exposure, E, which is the product of the source, intensity, I, and
duration of the source, t, the curve generated is not as useful as the one
plotted with D and Log E. One portion of the curve in the D-Log E plot is

a straight line which is easy to work with. Also in practice the difference
in relative intensity is better measured in terms of Log I than I. The curve
D-Log E is frequently referred to as the H and D curve for the original
researchers.

- This curve, Figure 6-3, really describes the behavior of the film, and
studying the different portions, yields insight into the behavior of the film.
Figure 6-4 indicates one of the factors which must be taken into account before
discussing Figure 6-5,

11 ..
10
Log (I-t)
9 ¢
I 2 . A 8 2
1 5 3 1 5§ T S
Log 1

Figure 6-4. (Log]I)

If we look at the equation for exposure in terms of intensity, it would appear
that an intensity of 5 and time of 2 is the same as an intensity of 2 and a time
of 5, since both yield E=10.

Equation 6-1 E=1 . t

Figure 6-4 says that this is not so. One finds that an exposure necessary to
give a certain density on film doesn't vary linearly with the intensity. If it did,
then the exposure would remain constant and the curve in Figure 6-4 would be a
straight horizontal line. The curved line represents the reciprocity failure in
exposure. Although not discussed here, reciprocity failure occurs as a function
of temperature and development time.
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Now let's look at Figure 6-5. The straight line portion between the toe and
shoulder is where most exposure takes place. This straight line segment has
a slope called gamma. Gamma is a measure of how much silver density can
be developed with increasing exposure. The horizontal component of the
straight line portion is called the latitude, shown in Figure 6-5.

Dmax

Density

(log Eg - log Eq) = latitude

e e e cw wow  caw  cws  cswe

log E

Figure 6-5. (D-Log E)

The photographic latitude of a film determines how much density difference
there is between various exposures. For example, take the Character I on the
DatagraphiX 4060 matrix. The intensity of the heavy line portion is greater
than that of the thin line portion as shown in Figure 6-6.

To = o= a apon,
2 : \& Heavy line

Intensity I f“f ;"‘v.‘} Thin line

Gaussian Distributions

x (cm)

Figure 6-6. (Intensity Distributions) : 6-17
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Since the exposure is equal toI . t énd t is the same for both lines,
Ez > E, since I21. E, and E; are shown in Figure 6-6 and the
corresponding developed densities D, and Dj.

If the exposure difference is really large it is possible that the character will
look like an L since the thin line doesn't give as much exposure above fog as
does the thick line.

Further latitude requirements are necessary when one considers the c:os4 loss
from center to edge when imaging the film and another cos™ loss when making
hardcopy.

To optimize the film one has to take the maximum and minimum energy within
a single frame and make sure the minimum energy results in an exposure
yielding a usable density. Figure 6-7 illustrates.

Dy

Minimum
Density for good
Hardcopy Dy

log E

Figure 6-7. (Exposed Requirements)
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The requirement for latitude should be clear by now, however, one must
not think that a large latitude will solve all the problems.

In addition to latitude, one must have enough contrast difference in density
between the background and the character to make an acceptable image for
viewing, copying and printing. A character density on film of 1.3 with a

fog of 0.1 yields acceptable copy. Achieving the proper minimum density
across the page requires just enough latitude with an adequate contrast ratio.
Obviously the gamma becomes fairly well-defined. For the present
Stromberg DatagraphiX film a 7 = 1.6 is best.

Another physical parameter that is very important when looking at film images
is the grain size. The silver grains of the raw, unexposed film determine the
speed of the film or where the toe is on the D-log E curve. The finer the grain
the slower the film. The developed film nowis a function of the type of
processing., For example, taking a fine grain film and processing it carefully
at 68° F for five minutes in fine grain developer will yield a much sharper
character than taking the same film and processing it for 9 seconds at 110° F.
The graininess increases with temperature. A quantitative measure of the
graininess of an image is called the granularity. Most often the Selwyn
granularity is used which is completed by Equation 6-2.

Equation 6-2 Gg = (23)1/2 Z ; (Dn - DO)Z
n N-1

where a is the area of the scanning aperture, Dy the mean density, N the
number of values and Dy the individual density measurements. The larger

Gg, the larger the density fluctuations as measured by a microdensitometer.
The characters graininess is then a function of both the grain size of the raw
film and the type of processing that is used. . One usually makes the distinction
between granularity and graininess: Graininess is a subjective impression
whereas granularity is the measured root mean square (r.m.s.) value
determined by Equation 6-2.

Very closely tied in with the grain size of the raw film is the resolution.

The film resolution is governed by how fine an image can be generated. A
typical target that is used to measure resolution is shown in Figure 6-8.
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Figure 6-8. (Resolution Test Targets)

The three bar configuration is commonly used. There are several ways of

determining the maximum resolution of a film for a given set of exposure

and processing conditions. Without lenses a contact print can be made by

the experimental set up shown below:

8-

/\ )
Films held Resolution Test Plate
in flat contact  —— |
[ ety
C W Test film
Emulsion Surfaces

face to face

Figure 6-9. (Contact Printing)
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After the contact print is made, then sensitometric development should
follow. A suitable sensitometric development is outlined below in Table 6-1.

Solution (68O F) Time
1. Fine grain developer 5 to 8 minutes
2. Stop bath 15 to 30 seconds
3. Fine grain fixer 2 to 4 minutes
4. Wash 10 to 20 minutes
TABLE 6-1

Now to determine the resolution in lines/mm or line pair/mm, one uses a
microdensitometer trace or a microscope. Briefly, a microdensitometer is
an optical device that scans very small areas of a film and gives a graphic
representation of the density variation. For simplicity we shall schematically
represent a microdensitometer in Figure 6-10.

Photo cell

L
Y7a 777

omd .

Film ey L-,,—J ~Rectangular Aperture

[ v
\ L

Light Source

Figure 6-10. (Microdensitometer)
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Film image passed by rectangular slit and the transmitted light is measured
by a photocell. This optical signal is converted to a mechanical signal and
a graph is drawn by the ink pen.

For example, the letter I could be scanned across the line width of the
character and the graph would resemble. Figure 6-11.

Density T

¢
i
1

~=3%  Character Line Width <€

w» 4P mpm

Figure 6-11. (Microdensitometer Trace)

If we wanted to see how much resolution was transferred during the contact
printing, scan the smallest three bar target with a microdensitometer. The
scan would look similar to Figure 6-12.
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Figure 6-12. (Microdensitometer Trace of 3-Bar Target)

The amplitude of this scan appears to be smaller than the single line traces in
Figure 6-12. If we superimposed several scans from the 3-bar targets,

different size bars, we see that the difference between the big bar and small

bar scans is one of amplitude and bar width., It is here we begin to see that
specification of the resolution is somewhat ambiguous since the density is not
taken into consideration. The two films shown in Figure 6-13 give the same
resolution reading, but the microdensitometer trace indicates a higher contrast

on one film. One with satisfa ctory density for viewing and one with unsatisfactory
density.
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\ @ 1.5 Density

L& 0.7 Density

Figure 6-13. (3-Bar Trace)
The way to take this fact into account is to compute a modulation transfer

function (MTF). The details of this calculation are not of immediate interest
here, but a brief discussion of the graph of the MTF is educational.

% Response

10070 ol
T Modulation Transfer
( Curve
10%
1% } . 4
1 10 100 1000

Resolution (lines/mm)
Figure 6-14. (M.T.F.)
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The MTF is a measure of the amount of line density at a given resolution.
The greater the difference between the maximum density at the peak and the
minimum density in the trough, the more modulation exists. If we compare
the modulation of the image with the modulation of the target, then a
percentage response can easily be calculated. As the resolution gets higher,
the modulation becomes smaller and until finally the modulation is
imperceptable. When the modulation falls below 10% the image is usually
not very legible.

Examining Figure 6-14, one sees 100% response for the film at low frequencies
and a decrease in response as the number of lines/mm increases. Note that
both scales are logarithmic.

A measure of character sharpness is called the acutance. Equation 6-3 gives
the formula for the acutance, A_, computed from an edge trace.

S ()
Equation 6-3 Ac= 7 » AX

c =

Dmax ~ Pmin

The acutance is measured from the microdensitometer trace of an edge exposure.
It is found in practice that the acutance is highly correlated with edge sharpness.
Edge sharpness is a measure of the slope from a microdensitometer trace.

Given below are two traces -- one with high edge sharpness and one with a low
edge sharpness.

@)

Density ?

X (CM)
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To make a visual comparison of this difference, one uses a microscope
and a camera to take a picture of the edge. Trace (1) would indicate a
crisp well-defined edge, whereas Trace (2) would yield a slightly fuzzy

area between the image and the background. The pictures taken through
a microscope are commonly called photomicrographs.

6-6. USE OF THE D-LOG E CURVE

Let us turn our attention to the D-log E curves and some of the film para-
meters that vary with processing, Temperature has a pronounced effect
upon the D-log E curve., Suppose we take some raw film and expose it on
a sensitometer (a type of contact printer) to calibrated step wedge.

A calibrated- step wedge is represented below,

Figure 6-16. (Step Wedge)

Starting at Step 1, the density becomes greater according to the D-log E
curve. When this wedge is contact printed onto the raw film, naturally
the step density on the film is reversed since the denser steps from the
target lets less light through to the image film.

Now take the exposed wedges and process them in the DatagraphiX 156 at

5 feet/minute and temperatures of 90° F, 100° F and 120° F. Shown
below are the various wedges as processed at different temperatures.
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110°F
100° F
Density
' 90° F

Figure 6-17. (D-Log E Curve Temperature Variation)

Clearly the curves have different gammas, latitudes, D-max's, D-min's»
acutances, and speeds; in fact, the film shows an entirely different curve for
each temperature of processing.

Compare the difference in densities between the curves. If the exposure El
represented maximum exposure from the tube then the 90° process would not
develop some of the minimum exposures because the corresponding density
would be too small. When the same strip of film is processed at 120° F the
developed density of the character is good, but the fog level or D-min starts
increasing.
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When making hardcopy, the ratio of the character density to fog, called

the contrast ratio, must be as high as possible. This statement at first
seemingly contradicts the remarks about latitude made earlier, but in fact
does not. This requirement must be satisfied within the latitude requirement.
So, since we are really limited by the latitude and therefore the D-max, any
increase in fog decreases the contrast ratio and therefore the hardcopy
quality. The next set of parameters we want to look at result from changing
the processor speed. Without changing any other variables we can draw the
family of D-log E curve, for speed changes. As we would guess,

1 ft. /min,
2 ft. /min.
2 -
4 ft. /min.
8 ft. /min.
Density 171
% ? $ 3
-1.0 log E

Figure 6-18. (D-Log E)

the amount of developed density increases as the temperature increases. We
have now a family of curves that have the same restrictions as do the curves
for temperature. The higher speeds naturally mean less time for the developer,
fixer and wash solutions to diffuse into the emulsion. It is becoming clear that
the film can not be developed at any temperature or speed. The accuracy with
which one sets the machines determines which curve you are on and what type
of quality you'll get. We shall draw one more family of curves to further
illustrate the photographic requirements for quality film images. If one
carelessly mixes the processing chemicals so that the solutions are not 3:1

as recommended, the family of curves shown in Figure 6-14 clearly indicates
the problem. The same latitude, D-max, D-min, gamma and contrast ratio
parameters will vary here as when you vary the temperature.
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log E —®

Figure 6-19. (D-Log E)

All photo-optical parameters must be set accurately to attain consistency
and best image quality. Mentioned here are just the basic ideas behind
the total system. The interpretation and use of these ideas is up to you.

A
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Chart of Resolving Power Values for Individual Targets

USAF 1951

Resolving Power Resolving Power
.Group # Target # {lines per mm) Group # Target # (lines per mm)
0 1 1.00 4 1 16.0
2 1.12 2 17.9
3 1.26 3 20.2
4 1.41 4 22.6
5 1.59 5 25.4
6 1.78 6 28.5
1 1 2,00 5 1 32.0
2 2.25 2 35.9
3 2.52 3 40.3
4 2.83 4 45.3
5 3.18 5 50. 8
6 3.56 6 57.0
2 1 4.00 6 1 64.0
2 4.49 2 71.8
3 5. 04 3 80.6
4 5.66 4 90.5
5 6.35 5 102
6 7.13 6 114
3 1 8.00 7 1 128
aest.. 2 8.98 2 144
GhABLST 3 10,1 3 161
4 11.3 4 151
5 12.7 5 203.
6 14.3 6 228
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SECTION VII
FINAL EXAM

What is the primary reason that silver halide films are the only suitable
type of films for generating a master from a COM unit?

What does the word halide refer to? Give an example.

A silver halide film can be on polyester or triacetate base. True or False?

What does halation mean?

The electrographic process utilizes:
a. Wet toner
b. Dry toner

Tinted base, AHU and dye back are all examples of halation protection.
True or False?

Halation protection can occur between:
a. Emulsion and base
b. On back of film
c. (a) and (b)

MMF has halation protection. True or False?

In addition to the base and emulsion, a silver film can have an anti-static
layer and protective layer over the emulsion. True or False?

What is the base stock thickness of DatagraphiX silver film (MMF)?
A grounded equipment roller touching the paper surface:

a. Decreases the positive and negative charge.

b. Increases the net negative potential.

c. Does not affect the charge.

What is the base material in MMF?

Exposure = x . Briefly explain these two parameters in
terms of the forms flash and the CRT.
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14.

15.

16.

17.

18.

19.

20.

21.

7-2

What is the spectral range of an ortho chromatic film? Panchromatic
film? Datacomatic film? '

What is the spectral range of the P22 B phosphor? Draw curve and label
axis carefully.

Is it important that the spectral output of the P22B phosphor be matched
to the spectral absorbance of the MMF film? Explain.

What is the spectral output of the light- emitting diode?

What mark does the light emitting diode put on film?

What is the spectral range of the Xenon on flash tube? Draw curve,
label axis carefully.

Explain the beam-splitter (pellicule, membrane) in the 4360 and 4440 in
terms of wavelengths transmitted and wavelengths reflected. Draw
diagram.

The loss of the positive corona charge:
a. Will affect the print image.
b. Will not affect the print image.



22.

23.

24,

25,

26.

27.

28.

29.
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Explain beam-splitter on 4060. Draw diagram.

Humidity (relative) affects the charge potential. True - False?
Explain,

If one changed a lens setting from 4.0 to 5.6, what would be the
intensity of the light at 5.6 relative to 4.0°?

In terms of Log E, what is the corresponding change in exposure?
Give a number!

Which lens opening would yield more light to the film, 2.8 or 4.0?

What is the optimum setting of the aperture for a U.C. lens considering
only the manufacturing specifications?

Using a diagram show the effect of aperture change on the depth of focus.

Any paper may be used in the electrographic process used in the 3500,
True - False (explain)

What does AHU mean?
7-3
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30.

31.

32.

33.

34.

35,

36.

7-4

The print image can be changed from a positive image sign to a
negative image sign by reversing the corona charge wires. True - False?
(Explain)

What does Rem-jet mean?

What is the purpose of collimating a mainframe? Use diagrams to explain.

Lienses should be repaired in the field? True or False?

A 25X lens marking means 25X reduction in image size from the tube
face to the silver film. True or False?

If a character was .025'" high on the tube face, what would be its
height on film for a 9.46X lens? A 5.86 lens? Show calculation in
detail.

For a 10X lens, if the distance from the lens to the film is 1", what is
the distance from the lens to the tube face? To the form slide? Assume
tube and forms flash in good focus. Show calcul ation.
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40.
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42.
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Using the USAF 3-bar target and a 9.46X lens, what is the resolution
on film if you can see the 3.6 set of lines? Show calculations.

Nodes (deposits on corona wire) cause print data to be obliterated.
True - False?

What is minimum specification for film resolution on the 4360°?
Would you expect the same resolution in the corners of the frame as

in the center? Explain.

Would you expect the same density on film from a character in the
center of a frame compared to a character in one of the corners?
Explain.

Using the D-log E curve drawn below, indicate the exposure latitude

for a density range of 0.8 to 1.2

Log E
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43,

44,

45.

46.

7-6

What is the value of gamma in the above curve?

If answer to 38 is true, explain phenomenon by graph.

38 is false, explain.

Draw an H&D (D-Log E, characteristics curve) and clearly indicate

the following parameters:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Fog

D-Max

Speed at 1.0 above fog
Total exposure latitude
Gamma

Toe

Shoulder

In terms of a D-Log E curve, what would over development do to
the shape of the curve? What would the film imm ge look like for
negative processing?

Show calculation.

If answer to
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47. Give the processing steps required for the following types of
processing., Indicate DX processor.

a. Standard or negative
b. Partial reversal
C. Full reversal

d. Stabilization

48. Give five reasons why replenishment is necessary in the 156 processor.

49, Ghosting of the image is caused by:

a. Double exposure

b. Wet prints

C. Dirty rollers

d. Weak corona charger

e. A&C, B&C, A&D, A, B & C, none of them

50. There is replenishment in the stabilization process in the DatagraphiX
True or False? If true, what is rate for 35 mm film?

51. What process should be used for 16mm film if one desires a silver

film with a clear line and black background?

52. What duplication process should be used if one wanted to retain the image
polarity in question 51? Which one if reversing the polarity is required?
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53,

54,

55.

56.

57.

58Q

59,
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Image fall-off - weak date in a co‘rnerv or one side is caused by:

a. Improper illumination
b. Improper charge
c. Poor original

d. None of these
e. All of these

If a white stain is observed in the background of a negative processed

COM silver film, what would be the problem?

If you had a 5 quart bottle of chemical concentrate and someone asked
you to mix it 7:1, how much working solution would you have? Show
calculations in detail. '

How many chemical changes are allowed on the 156 before a recommended
cleaning of processor?

Add acid to water when mixing. True or False?
The fixer has a PH (greater, less than) 7.0. The developer has a PH
(greater, less than 7.0). An acid has a PH (greater, less than 7.0)?

Bleach is a very strong acid and rubber gloves and apron should be used
when mixing. True or False?
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Draw a diagram of the cross section of a vesicular film. Label
the layers. '

Using the type of drawing in answer 60, show a sequence of steps for
exposure, development, clearing. Provide brief description of the
process in each case.

The toner is comprised of:

a. A carrier and carbon particles
b. A carrier and plastic particles
c. A colored solution

It is desirable to develop a vesicular film as soon after exposure as
possible, True or False?

Draw the D-log E curve for a typical silver step wedge. If this wedge

is exposed on to a vesicular film, draw the corresponding curve on the
same graph indicating how each silver density corresponds to a vesicular
density.
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65.

66.

67.

68.

69.

70,

1.

72,

73.

4.

75.
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If the toner particles are negatively charged, the paper surface must
be positively charged to obtain a print, True or False?

How does one process diazo film? What is the mechanism of image
formation?

What does archival film mean? Does the 156 produce archival film
when it is running properly?

In the direct image process, the toner particles are:
a. Repelled by the near Zero potential charge

b. Attracted by the near Zero potential charge

Is there a difference between the method used to measure vesicular
density and silver density? If yes, what is the basic difference?

What color is HS Xidex film?
What color is type 16 Kalvar film?
What color is HD Xidex film?
What color is type 10 Kalvar film?

If a vesicular film is not completely fixed, what would have to be done
to complete the fixing?

Previously processed paper can be recharged and reprocessed, True
or False?
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If a poorly cleared vesicular film is put in a hot viewer, could the
image be degraded? If yes, explain.,

Draw a picture of a static discharge exposure on a strip of film.

Is there disadvantage in using polyester base film to acetate base
when there are static problems in the camera? Explain.

Excessive film curl can result from too high a temperature in the
dryer. True or False?

If a character had a density of .85 and a fog or background density
of . 095, what is the contrast ratio? Show calculations.

In silver films the developed silver image absorbs light and heat. In
vesicular films is this true? Explain.

The coated paper used in the 3500 must not be exposed to any light
before processing. True or False?

Hypo is often substituted for thiosulfate. True or False?

A standard microfilm image polarity will be opposite to a COM image
if both are processed in the same way. True or False?

If the diameter of the development drum on a DatagraphiX 94 is 4"

and the development time required is .25 or 1/4 of a second, what is the
maximum speed that can be run for proper development? Show all work.
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86. If the shutter is set at 5 for run 1 and for run 2, it has been determined
that twice as much light is needed, what is the new shutter setting?

87. What is the optimum background density for vesicular film?

88. What is the relationship between vesicular film density and development
temperature? Draw graph and label axes.

89. A processed print must be subject to heat to fuse the image. True
or False?.

>0

90, What is the spectral output of the mercury vapor lamp?
91. What is the ratio of 1 millimicron to 1 nanometer?
1M=10"%cm

1 nanometer = 10"9 meters
l cm = 10'2 meters

92. Is vesicular film sensitive to normal room light? If yes, explain,

92. The black pressure marks made by the feed rollers are caused by:
a. Removal of the zinc oxide, causing a very low
negative charge.

b. By grounding prior to charging.
c. By causing a static charge prior to charging in the corona.

93. Is development time critical on diazo. If no, explain,

7-12
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94, What is the upper temperature limitation when developing vesicular
film for one second?

95. Silver film can be used as a duplicate filtn. True or False?

96. In your own words describe sharpness using the D-log E curve to
illustrate the density differences. Use other graphs if necessary.

97. The negative charge should be at least:

a. 400 volts more than the positive.
b. 180 volts more than the positive,
c. 500 volts more than the positive.
d. 300 volts more than the positive.

e. None of these. Should be volts more.
98. At 5 ft. /min. transport speed what is the actual time in developer
in the 156 processor? seconds.
99. A sensitometer is used to measure image density. . True or False?
100. Reversal processing doesn't give as much resolution as negative

processing., True or False?

101. Where is a high gamma film useful. Give good example.

102. Where is a low gamma film useful?

7-13
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103.

104.

105.

106.

107.

108.
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111,
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The silver master has a focused light leak on every frame of a
fiche. In what general area would you look for the problem?

The customer is complaining about uneven density on the silver
master, where would you first look for the cause?

Toner concentrate is:

a. A special mixture.
b. A concentrated solution of the starter kit toner.

Every fifteen frames of a 16 mm duplicate copy a frame is found to
have a blacked out portion of data. What is the probable cause if -
the silver ma ster is good?

The customer is complaining about loss of density during the entire
day of operation, Where would you look first for the answer?

An out of focus condition is reported on the DatagraphiX 92. Upon
examination you find the silver master to be good. What two items
would you check first?

What surface of a first surface mirror do you place against the film
rollers during a collimation alignment?

Starter toner can be made by adding a quantity of diluent to a bottle
of concentrate. True or False?

What is collimation?
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What effect, if any, will processor speed have on D-max?

What is the allowable distance of misalignment for the camera mount
after collimation? Degrees, _ Minutes, Seconds.

If a customer complains about light leaks that look like lightening bolts,

what is normally the cause?

On a fiche the image from the tube will not match the form flash
image across the fiche, Both edges will not match and the center is
good. What is the probable cause?

If answer to 110 is true, state ratio to be used.
A light leak on the edge of the film could have been caused by? Name

three different causes.

The resolution figure has been determined to be 60 line pairs using
good test methods and test equipment. What could you adjust to help
increase this reading?

Will the numerical factor from resolution chart table for a 10X lens
be higher or lower than 2 6X lens if resolution on both is 86 line pairs?

7-15
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120. Toner shelf life is:

a. Two months

b. One year .

‘c. Six months

d. None of these. It is

121, What handling and storage precautions should be taken with silver film
prior to exposure?

122, How do you correct keystoning?

123, The system should be cleared and flushed with diluent:

. Every month

Once a week

Every three months
Never

None of these. Every

.

mapp‘m

.

124, Give the legibility ratings and explain the relationship to resolution.

125, What does the ISO character look like? How is it commonly used?
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A microdensitometer measures small images and a typical
trace of a letter, say I, would look like: '
(indicate character width and maximum character density)

Light photo-activates the zinc oxide coating on the paper, converting
the surface charge to the opposite potential.. True or False?



