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3,047,221
CALCULATOR
Raymond Alfaya, Bloomficld, Peter A. Landskroener,
Middletown Township, Monmouth County, and Karl
L. Thaxton, Cranford, N.J., assignors to E. I. du Pont
de Nemours and Company, Wilmington, Del., a cor-
poration of Delaware
Filed June 10, 1960, Ser. No. 35,313
7 Claims. (Cl. 235—64.7)

This invention relates to a calculator for photographic
use and more particularly to a device for selecting the re-
quired exposure and development to make positives or
negatives with correct density ranges.

Various types of calculators, including those of the cir-
cular slide-rule type, have been used in photography to
select the proper exposure, either for the original camera
exposure or for a printing exposure in making photo-
graphic copies. Other calculating devices are known
which enable the user to determine the proper develop-
ment conditions, e.g., to obtain a desired contrast. No
calculating devices, however, are known which are capable
of simultaneous read-out of exposure and development
conditions; particularly where exposure is corrected for
reciprocity law failure.

According to Bunsen and Roscoe, “Photochemische
Untersuchungen, der Physik und Chemie,” Pogg. Ann.,
(2) 1862, 117: 529, the product of a photochemical re-
action should be dependent on the total exposure which
is equal to the product of the intensity of the exposure
and the time of the exposure. Their statement, now re-
ferred to in photography as “the reciprocity law” is merely
an approximation, deviations from which have long been
a source of error in calculating correct photographic ex-
posure conditions. No simple calculating devices are
known in the prior art which are able to compensate ac-
curately and conveniently for the deviations in the “rec-
iprocity law” over wide ranges of conditions, and for
a variety of photographic films.

An object of this invention is to provide a device for
quickly and accurately calculating exposure and develop-
ment conditions for processing photographic films thus
obviating the need for extensive frial and error tests to
determine the said conditions. It is an object of this in-
vention to provide a novel and improved calculator for
simultaneous read-out of exposure and development con-
ditions in graphic arts use. A more particular object is
to provide such simultaneous read-out while also provid-
ing correction for deviations from the reciprocity law.
Another object of this invention is to provide a calculating
device which requires a minimum of calibration and re-
calibration for effective use. Still other objects will be
apparent from the following description of the invention.

These and other objects are realized in the device of
this invention which is a calculator in the form of a circu-
lar slide rule for determining appropriate exposure and
development conditions of photographic films, said calcu-
lator comprising a fixed base plate containing a polar
coordinate array with logarithms of optical density meas-
ured radially and with logarithms of relative exposure
measured angularly, over which is rotatably mounted the
following elements:

(a) ‘A member containing a series of curves of log
optical density versus log relative exposure plotted there-
on, each of said curves representing a certain development
time, said member in cooperative relation to said base plate
and capable of being rotated relative thereto to allow the
use of emulsions which have different sensitivities to light,

(b) A member containing developer temperature com-
pensation values in terms of development times in cooper-
ative relation with the base plate and member (a),

(¢) An exposure time scale member containing a series
of concentric circles, each of said circles haying a loga-
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rithmic plot of exposure time corrected for reciprocity law
failure for any given photographic emulsion,

(d) A time index member having a pointer thereon
which indicates the required exposure time on member
(c)! ’

(e) A density scale member containing a circumferen-
tial plot of optical density which relates to the log ex-
posure scale of the fixed base plate,

(f) An “original-high,” “copy-low” read-out scale mem-
ber having an “original-high” index pointer thereon for
cooperation with said density scale member (e¢) and hav-
ing a “copy-low” radial logarithmic scale of optical density
for cooperation with the said curves of member (a), and

(g) An “original-low,” “copy-high” read-out scale
member having an “original-low” index pointer thereon
for cooperation with said density scale member (e) and
having a “copy-high” radial logarithmic scale of optical
density for cooperation with the said curves of member
(@). Memeber (@) may be incorporated as part of the
indicia contained on the base plate. Member (b) may
be incorporated as part of the indicia contained on either
the base plate or member (a). Time index member (d)
in indicating the required exposure time on member (c)
also cooperates with members (e), (f) and (g) in ways
which will be clarified hereinafter.

The calculator of this invention will be understood more
readily from the following description when reference is
made to the accompanying drawings wherein:

FIGURE 1 is an assembled view of the complete calcu-
lator, somewhat simplified for the sake of clarity and
understanding.

FIGURE 2 is a section at the vertical center line of
FIGURE 1 wherein the members are exaggerated in thick-
ness for explanatory purposes.

FIGURE 3 is a detail of the fixed base plate containing
the polar coordinate array.

FIGURE 4 is a detail of a member containing curves
of log density versus log relative exposure for a develop-
ment time series. These curves, shown here in the form
of logarithmic spiral curves, could be incorporated as part
of the fixed base plate. When the curves, however, are
on a separate, rotatable member as shown in FIGURE 4,
they may be rotated relative to the base plate to allow
the use of emulsions which have different sensitivities to
light.

FIGURE 5 is a detail of an optional member contain-
ng developer temperature compensation values in terms
of development times. Part of the information shown on
this member serves as an index of the member shown in
FIGURE 4 but this indexing information could equally
well be shown directly on the member of FIGURE 4.

FIGURE 6 is a detail of a member containing a series
of concentric circles graduated to represent movable time
scales containing logarithmic plots of exposure time as
corrected for reciprocity -law failure. Different photo-
graphic emulsions vary in their deviation from the reci-
procity law and it can be determined, for any given
photographic emulsion, which of the concentric circles
of this member is most appropriate for the given emul-
sion. Optionally, this member may show only a single
graduated circle containing a logarithmic exposure time
scale corrected for reciprocity law failure of one par-
ticular photographic emulsion type. In this case it would
be necessary to use similar, interchangeable members if
the calculator were to be used in conjunction with more
than one type of photographic emulsion.

FIGURE 7 shows a time index member which could
be in the form of a cursor with a single index line as well
as the disc shown in this figure.

FIGURE 8 is a detail of a member containing a density
scale which relates to the log exposure scale of the fixed
base plate.
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FIGURE 9 is a detail of a member containing the
“original-high,” “copy-low” read-out scale.

FIGURE 10 is a detail of a member containing the
“original-low,” “copy-high” read-out scale.

Now referring to the various figures, the separate parts
of the cdlculator have been -illustrated in detail. In
FIGURE 1 the calculator is-shown from a top view with
the various members assembled. The degree of detail of
the members shown has been kept to a minimum for
the sake of visual clarity. Since the members are prefer-
ably transparent, it is not possible to describe which
scales, curves, indicia, etc. are on the members with
reference to the assembled view in FIGURE 1.

FIGURE 2 represents a cross-sectional’ view of the
calculator along the center line with the members assem-
bled. The various members rotate relative to the base
plate 30 about pivot member 39 which is fixed at either
end by suitable means known in the art. The base plate
30 should be at least as large as any of the members 31
through 37 mounted rotatably thereon. The upper five
members, 33 through 37 should have decreasingly smaller
diameters as'they are located further from the base plate
so that the top member 37 will be the smallest of these
five movable members. The size of the lower two mov-
able members, 31 and 32, is not critical but in a preferred
embodiment of the calculator, as is shown in the figures
herein, members 31 and 32 are discs having the same
diameter as member 36. The various members of the
calculator will be described at length hereinafter.

In FIGURE 3, the base plate, generally indicated by
numeral 39, is of square outline, although another shape
would serve. equally well, e.g., rectangular, circular, etc.
Twenty radial lines 41 are shown inscribed in a circle,
numbered from 2 to 21, and radially graduated. loga-
rithmically . to. represent values of optical density- from
0.20 to 2.50. The angular displacement between adjacent
radial lines represents a. square-root-of-two. difference in
exposure level. Thus, the exposure at radial line. 10 repre-

sents: the exposure- at line: 9 multiplied- by the factor /2
or:..double the exposure represented at line-8. In photo-
graphic sensitometry, itisthe normal procedure to expose
film through an optical wedge in which the densities vary
by /2, conveniently containing 21 steps, e.g.,- according
to the procedure based on the American Standard Method
for the Semnsitometry -of: Medical: X-Ray Films—PH'2.9—
1956. In-'this- calculator the: numbering of: these steps
corresponds with the numbering of the radial lines of the
base: plate. “The single rddial line- numbered 21 corre-
sponds” both- with exposure step 21 and’ with- exposure
step 1.

“In FIGURE 4, the first movable -member: 31 contains
curves: 42; shown here in the form' of spirals, or loga-
rithms of optical density versus' logarithms of relative
exposure for a development time series. 'The innermost
spiral curve 43 represents the shortest time of develop-
ment in the series, while the outermost spiral curve 44
represents the longest time of development. These spiral
curves need not be- drawn on a separate member, but
can be drawn-directly on the fixed base plate upon which
the coordinates are shown. Increased utility and flex-
ibility in use of the calculator is achieved, however, by
placing the -spiral curves on-a separate member, movable
relative-to the base plate, since such a relative movement
of this: member allows the use of emulsions which have
different sensitivities to light.

In'FIGURE § there is'shown a. second movable mem-
ber-32 which . contains the- developer temperature .com-
pensation values in' terms of development times. The
radial line 45 marked “68° F.” is -the basic development
time -reference :line. This line is:graduated to serve as
an index for the spiral curves shown in' FIGURE 4.
Member 32:is rotated relative.to member-31 until the
innermost-spiral curve' 43 lines up with the two minute
development time mark on the “68° F.” radial line 45 of
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member 32; in this configuration, the development times
represented by the other spiral curves on member 31 can
be determined from this index line on member 32. The
other radial lines on member 32 give correction values
in terms of seconds to be subtracted from the develop-
ment time that ome would calculate for the basic
“68° F.” line. Member 32 and member 31 can- be inter-
changed so either may be immediately adjacent to-the
base plate. Member 32 is not considered am essential
member in this calculator since the spiral curves of mem-
ber 31 may be directly labeled.according to-the develop-
ment times which these spiral curves represent. When
present, however, members 31 and 32 are always locked
together in their proper position. The temperature com-
pensation values (seconds to:be subtracted from-originally
calculated development times) need not be shown. on.a
movable, separate disc, but could:be printed. equally. well
in tabular form, e.g., on the back of the base plate:

In FIGURE 6 there is shown member 33: containing a
number -of concentric circles .representing .logarithmic
values of exposure time corrected for “reciprocity law”
failure. FEach concentric circle is graduated: according
to exposure.time as corrected for a- different degree.of
“reciprocity law” failure. The.innermost circle 46-repre-
sents. relatively small departures from the reciprocity’ law
while the outermost circle 47 represents relatively- greater
departures: from the' “reciprocity’ law.”

In FIGURE 7 there is shown a-time:index: member 34
having pointer marks-48 which indicate the required: ex-
posure time to- produce’ the desired copy density as: a
function of a given original density. Although this mem-
ber is shown-as a disc, a-cursor would serve equally-well:

In-FIGURE" 8 there-is shown a-density scale on mov-
able: member 35- which relates to. the' log: exposure scale
of-the fixed base-plate. Identical density values are shown
on two concentric circles-on this'member so that the scale
of the outer circle- is in cooperative relationship with
the exposure time-pointer marks 48 on-member 34 while
the scale of the inner- concentric circle is in:cooperative
relationship with the index marks 49 and 51 of the mem-
bers-shown in- FIGURE 9 and FIGURE 10.

In FIGURE 9 there is shown a member 36 containing
an “original-high” index mark 49 at its periphery (which
cooperates with the inner of the two concentric circle
density scales of member ‘35) and a “copy-low” radial
line 59 . graduated logarithmically according to. optical
density, duplicating' the scale of ‘the radial lines on' the
base plate*30:

In FIGURE 10 there is shown a member 37 contain-
ing an “original-low” index mark 51 at' its ,pemphery
(which also cooperates with the. inner of the two con.
centric circle density scales-of member 35) and a “copy-
high” radial line 52; graduated logarithmically according
to optical density, duplicating the scale of the radial lines
on the base: plate 39. While the major portion of the
circle comprising . member 37 has a radius less than that
of member 36, the section of the periphery 53 having the
index mark 51 and radial line 52 thereon is preferably of
the same radius. as member 36.

All of the movable members, 31 through 37, should
prefembly be transparent except in those areas contain-
ing printed indicia. Translucent materials could finetion
similarly to the transparent -materials,. but. less. satisfac-
torily. The base plate should preferably, be-of a white
opaque material but a transparent base.plate. gives- guite
satisfactory. performance. = Printed indicia- should. pref-
erably be shown clearly in black or some color having
high visual-contrast. In.a-preferred embodiment, how-
ever, the curves shown:-on member. 31 are advantageously
of different-colors to distinguish them from one another.

- CONSTRUCTION OF THE CALCULATOR

This embodiment of ‘the calculator is .designed :for use
with:a 21-step optical. wedge: wherein each -step varies
from an adjacent step -by- the factor of a square-root-of-
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two. In this embodiment, the base plate is shown to have
20 radius vector lines, equally spaced at 18 degree inter-
vals, corresponding to steps number 2 through 21 of the
step wedge used in making sensitometric exposures. The
origin line is numbered “21” but this same radius vector
line also represents step “1.” The radius vector lines ex-
tend from near the center out to a radius equal to the
radius of the outermost movable member 37 and along
these lines, a logarithmic scale is printed to correspond
to the optical density range which is considered desirable.
Optical density is defined as log I°/I wherein I° is the
intensity -of the incident rays and I is the intensity of the
transmitted rays; in this case, a density range of 0.20
aup to 2.50 has been selected.

On the first movable element 31 there are shown curves
of log density versus log relative exposure for a develop-
ment time series. The information to be printed on this
member is obtained by actually testing a selected photo-
graphic film. Optimum results will be obtained for the
case in which the calculator is used for the film from
which the sensitometric data was obtained in preparing
the curves drawn on member 31. In practice, however,
it has been found that a group of films having similar
sensitometric properties can be used with a calculator
which has been constructed according to sensitometric
data which has been obtained for a representative film.
The procedure for constructing element 31 involves the
following steps:

(1) Select the best available representative photo-
graphic film, light source and exposure time.

(2) Select a number of development times (seven, in
the illustrated case ranging from 2 to 5 minutes) which
will center about what is considered the optimum time to
produce the contrast necessary to make an acceptable
copy from a representative original.

(3) Expose a number of film strips from the selected
film, all with the same selected exposure time and using
the same light source, so that there will be at least two
film strips for each development time selected. The ex-
posure is made through a conventional 21 step square-
root-of-two optical wedge as previously described.

(4) Develop two or more of the exposed samples, in
separate developments, for each of the development times
selected. Developer replenishment, temperature control
and agitation procedures must be carefully standarized to
insure reproducible results.

(5) After development, the film strips are given con-
ventional black and white processing treatments (fixing,
washing and drying) and their optical densities are read
at each exposure step on a photographic sensitometer.
The optical densities thus obtained are then plotted against
the exposure steps on rectangular coordinate paper, and
a smooth curve is drawn through the average of the
plotted points.

(6) From these smooth curves, optical density values
are taken at each step and these figures are plotited on
transparent member 31 which is superimposed over the
coordinate system. shown on base plate 30. These points
are then connected by smooth lines to produce the series
of spiral curves shown in FIGURE 4. For purposes of
differentiation, it is convenient to use different colors for
each spiral curve. _As pointed out previously, these curves
could be drawn directly on member 30, eliminating mem-
ber 31 as a separate member.

Member 32, shown in FIGURE 5, indexes the develop-
ment times for the spiral curves of member 31 at the tem-
perature of development (in this case 68° F.). Index
marks are shown along a radius vector line and drawn to
coincide with the spiral curves which they are indexing.
The other data is merely a tabulation of experimentally
determined temperature compensation values, indicating
the reduction in development time (in seconds) required
to compensate for various increases in development tem-
peratures, Radius vector lines representing other de-
velopment temperatures are arbitrarily placed and marked
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so that the correction values indicated will line up with
the spiral curve for which the correction is to be indicated.
This is merely a convenient method for showing such
data.

Probably the most significant element in this calculator
is a movable time scale 33 shown in FIGURE 6 which
contains logarithmic plots of exposure time which are
corrected for “reciprocity law” failure for various types
of photographic emulsions. It has been found in practical
work in the graphic arts field that the range of exposure
times actually used is sufficiently limited so that the
Schwarzschild equation accurately represents the reciproc-
ity behavior of any given photographic film. In this
equation, expressing the exposure conditions required to
give constant optical density of the processed film,

ItP=constant

where I=exposure intensity, f==exposure time and p—the
Schwarzschild constant, For our calculations we have
found it convenient to use the value g which has been
defined as the reciprocal of the Schwarzschild constant, p.
The Schwarzschild equation is discussed in Mees, The
Theory of the Photographic Process, revised edition, The
MacMillan Co., (1954) pages 199-200. For any given
graphic arts film there can be determined some specific
value of g which may be considered as a constant ex-
ponential correction factor over the useful range of ex-
posure times and intensities. Four values of g should be
sufficient to cover most of the films used in the graphic
arts trade, since accurate results can be obtained with this
calculator by interpclation where there is no provision
for the exact value of ¢ which is required. Thus, in the
embodiment illustrated in FIGURE 6, there are shown 5
concentric circular scales, each scale representing, as a
logarithmic function along the angular coordinate of a
polar coordinate system, the exposure time as exponential-
ly/ corrected for “reciprocity law” failure by the factor
1/4.

The markings on any given “q” scale should relate the
effect of “corrected” exposure time to the optical density
of the processed film having the corresponding value of
g, the intensity of the exposing light being held constant.
In constructing the scales, it is necessary to calculate,
along the angular coordinate, values of an angle « which
is a function of the “corrected” exposure time.

Since intensity is to be held constant it is obvious that,
over the range of exposure times wherein the Schwarzs-
child equation is valid, the angle « must be proportional
to the value log P=log /4, Stated mathematically,
a==k log relative #1/9=£k/q log relative ¢ where o is the
angular displacement between an origin and any given
value of ¢, where ¢ is the exposure time, an where k is the
factor of proportionality which will be specifically defined
below. Thus g is seen to be a constant multiplier for the
angle o over the range of exposure times wherein ¢ has an
essentially constant value.

Construction of member 33 involves the setting up of a
time scale to relate to the polar coordinate system of the
base plate where it has been found convenient to express
the logarithms of relative exposure angularly in terms of
20 equally spaced radius vectors corresponding to ex-
posure steps differing from one another by the factor \/2.
Since there are 20 equally spaced marks in 360°, each
mark is 18° from its neighbor. This 18° is equivalent to
an exposure factor /2 and, since the exposure factor is
expressed logarithmically, 18° is equivalent to log /2
exposure units=0.15 exposure units. This equivalency
between the angle « and the exposure units is the propor-
tionality constant “k” in the equation

=~]q9 log relative ¢
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‘which can now be written

=l§l;)'—1§ log relative t=1—20 log relative ¢

For a particular concentric circular scale, e.g., for the
valueof g=1.3,
120
a=73 log relative ¢
or
«==92.3 log relative ¢

Various values of exposure can be substituted in the equa-
tion in order to find the corresponding angle to be marked
off. In making these calculations, relative exposure time
was expressed in seconds so.that at a one second exposure,
a=log 1=0. Therefore, one second exposure represents
the origin of the scale. Where the time in 2 seconds,
«=292.3 log2=27.8°. In this manner, scales can be con-
structed-for as' many values of g as are desired.

Making of the remaining movable members of this cal-
culator is simple and straight-forward, The time index
member 34 is'shown in FIGURE 7 as a simple disc with a
single index mark or pomter on its periphery. A cursor
could work equally well in place of the disc.

The density scale of member 35, as shown in FIGURE
8, ranges in value from 0 to 3.0 density units in such a
manner as to correspond 10 a separation of adjacent radial
lines on the base plate by .15 density units.

Finally, the small discs 36 and 37, shown in FIGURES
9 and 10 respectively, are substantially identical except
for labelling of the radius vector density scales and the
pointers. - In the embodiment of the invention shown in
FIGURE 10, member 37 is cut in such a way that over

most of the disc the radius is slightly smaller than the °

radiiis of member 36. This is not absolutely necessary for
proper performance of the calculator but it does allow
somewhat easier manipulation (grasping of the desired
member) than if the radii of members 36 and 37 were
identical over the whole of the discs.

CALIBRATION OF CALCULATOR

Calibration of the calculator can be most easily ex-
plained: by reference to an actual example of the process.
In this example the “original” will be a negative which is
to:.be: copied onto a posmve The more general words

“original” and “copy” are used since the calculator can
be used' equally .well in solving problems relating to the
copying of .a negative onto a positive or to the copying
of a. positive onto. a negative.

Calibration,: in' this example, involves setting up the
calculator so -that problems can be solved relating to a
particular positive film which is to be used. In this ex-
ample, the positive.film is known to have a value of g=1.3.
Should the value of g of the film to be used be unknown,
it could be determined by exposing various samples of
the ‘ﬁ_lm to different exposure conditions, i.e., different in-
tensities and different times of exposure. By determining
the combinations, of time and intensity that produce a
glven constant’ optical density in the exposed films, after
processing, it is possible to solve for g in the equation.

Ift/a—=constant

the symbols' being as. defined above. Normally, the film
manufacturer can supply the user with the information
relating’ to the value of ¢ so that the above described
experiments and calculations are not necessary for the
user.

Having determined that g==1.3 for the positive film for
which the calculator is to be calibrated, the next opera-
tlon involves exposing a strip of this positive film through
a “negative” containing a 21-step square-root-of-two op-
tical wedge image. The exposure time and light source
should be chosen to represent conditions normally used in
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8
the process for which the calculator is being calibrated.
The exposed positive is developed and processing is com-
pleted under conditions as' simildr as pos51ble to the con-

ditions that would be used’ subsequently in' making actual’

prints from negative subject maftter. The- steps on the
“negative” optical wedge are determined which corre-
spond to the average high density aiid average low density
of shop negatives' which will be routinely used. In this
example, we assumg that step number 4 represents an
average low density and that step number 11 represents
an average high density. In other words, the useful
density range of this negative is between'steps number 4
and number 11 of this 21 step optical wedge. AsSiime
that the “negative” step wedge has an optical density
equal 0:50 at step numiber 4 (“original-low”) and an op-
tical density equal 1.55 &t step number 11 (“original-
high”).

The exposed positive is developed, in this example, at
68° F. for 3 minutes and 30 seconds in a given deve]oper
The image areas of thie processed positive which’ were
exposed through steps number 4 and number 11 of the

“negative” are determined respectively, to have optical
densities of 1.60 (“copy-hlgh”) and 0.55 (“copy-low”).
The exposure used in this example was 20 seconds, All
of the data now has been given which"is required
to calibrate.the calculator for use with' the positive film
of the example. The calibration will now be" described
in five steps as follows:

(1) Set the “original-high” pointer of member 36 at
the negative-high value of 1.55 oni member 35 and secure
member 35 and member 36 together in this position.”

(2) . Set the exposure time pointer of member 34 to
the same dens1ty value of 1.53, securing member 34’10
member 35 ini this position.

(3) Rotate this 3-memniber assembly until the exposure
time pointer of member 34 s in ‘line with the exposure
time’ representing. 20 seconds on the comcentric circular
scale of member 33 répresenting a'value of g=1.3. Meri-
ber 33 is sécured to the assenibly in this position, and thus
the exposure time of 20 seconds is “fed in” to’ the calcu-
lator.

(4) The four-memiber assembly -(members 33, 34, 35
and 36) is now rotated uiitil the copy-low density’ vahie
(which, in the example, was réad and found to be 0. 55 )
on the radius vector scale of member 36 falls dlrectly on
the spiral curve of member 31 which 1epresents the de-
velopment time of 3° minutes 30 seconds. Member 33 is
now sécured to the base’ plate. )

(5) The final step in calibration is removal of the
securing’ means (e.g., small pieces of pressure-sen51t1ve
tape) . Whlch locks. together members 33 and 34 and re-
moval of the securing mearns which locks together mem-
bers 35 and 36. Members 34 and 35 remain locked to-
gether. The calculator i is now ready to work actual prob-
lems, using the same exposing light source used during
calibration. ' For a’ different light source, the calibration
would have-to be repeated in order to insure proper com-
pensation for “reciprocity law” failure.

Example I

It is desired to make a print on a positive, such as was
used' above in the calibration of the calculator, from’an
orlglnal which is a continuous tone graphic arts negative,
It is further desired that the finished copy be on'a graphlc
arts, continuious tone positive film  and have a useful
range of optrcal densities of 0.30'to 1.60. Development
temperature is to be 68° F. In the positive film, ¢g=1.3.
The problem is to find the correct exposure and develop-
ment times to give a’ satisfactory copy, using the same
developer: solution and the same exposing 'light source
as was used in the calibration. The negative original
which is to be copied is' examined in ‘a conventional
densitometer and found to have an optical density range
of from 0.30 to 1.55. Calibration of the calculator is
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carried out as described above using a developer solution
of the following composition in the calibration:

Monomethyl-p-aminophenolsulfate _ . __.__ g 2.5
NapS0; (desiccated) oo g-- 50.0
Hydroquinone .o g.. 25
Sodium carbonate NagCO3 - HyO oo g 24.0
BOTAX e et et e g... 140
KBr e g 05
Hy0 to MakKe wm o Liter.. 1.0

This developer solution was diluted with an equal volume
of water and was used in the calibration at a temperature
of 68° F.

Using the properly calibrated calculator, member 36
was rotated until the original-high pointer was set at
1.55 (the highest optical density of the negative) and
member 36 was secured to member 35 in this position,
Member 37 was then rotated until the originai-low pointer
was set at optical density of 0.30 (the lowest optical
density of the negative) and member 37 was secured to
member 36 in this position. The assembly, which then
consisted of members 34, 35, 36 and 37, was rotated in
order to find the best “fit” for the desired copy-high and
copy-low optical density values (1.60 and 0.30, respec-
tively) on one of the spiral curves of member 31. This
“fitting” was done by a trial and error method which,
however, can be done very quickly after acquiring some
experience with the calculator. For example, the follow-
ing procedure was used in this case:

(a) The assembly was rotated until the copy-low value
of 0.30 fell on the innermost spiral curve of member 31
(2 minute development time) and it was seen that this
spiral curve intersected the copy-high scale of member
37 at an optical density of 1.25. This would have given
an insufficient density range.

" (b) The copy-low figure of 0.30 optical density was
then set, by rotation of the assembly, on the outermost
spiral curve of member 31 (5 minutes development time)
and it was seen that this spiral curve intersected the copy-
high scale of member 37 at 1.70 optical density. This
would have given more than the desired density range.

(¢) By trying various intermediate settings, it was
quickly found that the 5th spiral curve (counting out-
wardly) of member 31 gave the best “fit” for a density
range in the positive from 0.30 to 1.60; therefore, the
proper development time was determined to be 3 minutes
30 seconds. It should be noted that, if an exact “fit” is
not found, an excellent estimate of the optimum develop-
ment time can be obtained by interpolation; a less re-
liable estimate is obtainable by extrapolation. With the
-assembly in this position, it was also determined that the
exposure time pointer on member 34 coincided with the
eight second mark on member 33; therefore, eight seconds
was determined to be the correct exposure.

Using information obtained from the calculator, the
positive film was exposed through the negative for eight
seconds, using the same light source at the same distance
as was used in the calibration. The positive film was
then developed for 3 minutes 30 seconds in the same de-
veloper solution used in calibration, and processing was
completed maintaining all conditions as close as possible
to those maintained during calibration, e.g., agitation,
‘temperatures, etc. By this procedure using the data
obtained from the computer, a positive copy was ob-
-tained having excellent -picture quality and having an
optical density range of 0.30 to 1.61 which compares
.favorably with the desired range of 0.30 to 1.60.

Example 11
Example I was essentially repeated except that the
negative to be copied had a density range of 0.35 to 1.90.
The desired range of density of the positive remained
the same as in Example I, i.e., 0.30 to 1.60. It was de-
sired that the same developer solution be used as in
‘Example I but the development temperature was to be
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10
increased to 74° F. Tt was unnecessary to recalibrate
the calculator since changes in development temperature
can be compensated for by use of the indicia of member
32. The problem was solved as follows:

The original-high pointer was set at an optical density
of 1.90 and members 35 and 36 were secured together
in this position. The original low pointer was then set:
at an optical density of 0.35 and member 37 was secured
to member 36 in this position. The assembly (members
34, 35, 36 and 37) was then rotated to find the best
“fit” (as described in the preceding example) for the
desired copy-high and -low values of optical density,
1.60 and 0.30 respectively. This “best fit” was found to
be the spiral curve of member 31 which represented 2
development time of 2 minutes 15 seconds in which po-
sition of the assembly the exposure time index member
34 gave a reading on the time scale of members 33 of
37 seconds as the correct exposure time. From the in-
dicia of member 32, it was determined that, for a devel-
opment time of 2 minutes 15 seconds (calculated for the
“standard” development temperature of 68° F.), a cor-
rection factor of minus 32 seconds development time
would be necessary to compensate for an increase in de-
velopment temperature from 68° F. to 74° F. Subtract-

< ing 32 seconds from the time of 2 minutes 15 seconds

gave an answer of 1 minute 43 seconds as the correct
development time at a temperature of development of
74° F.

The positive film was exposed through the negative for
37 seconds and developed for 1 minute 43 seconds at
74° F. in the developer solution used in calibration of
the calculator. A print of excellent picture quality was
obtained, having a density range from 0.29 to 1.58 com-
paring favorably with the desired range of 0.30 to 1.60.
Without benefit of the calculator, many trial exposures
and development conditions would have been required to
obtain this desired quality of the positive copy.

Example II1

The problem cof the preceding examples was reversed
in that it was desired to obtain a negative copy from
a positive original. The positive print obtained in Ex-
ample I, having an optical density range from 0.30 to
1.59, was used as the original. It was desired to obtain
a negative copy of this print having a density range of
0.30 to 1.56. The film employed to make the negative
copy was a high speed, continuous tone graphic arts film.
Calibration of the calculator was carried out by the
process described earlier using the density values of the
positive as the “original” and the desired density values
of the negative as the “copy” inputs. The negative was
developed at 68° F. in a developer of the following com-
positions, diluted with an equal volume of tap water
shortly before use:

Monomethyl-p-aminophenolsulfate _._________ e 1.0
NagS0;, anhydrous oo __ g.- 750
Hydroquinone oo g 9.0
N32C03.H20 _____________________________ 8- 29.0
KB e g 5.0
Hy0 tomake liter-~ 1.0

When calibration was completed, the original-high

‘pointer was set at 1.59 (the highest density reading of

the posjtive which was to be copied) and the original-
low pointer was set at 0.30 (the lowest optical density

; reading obtained on the positive) and the desired range
~of optica] densities of the negative were “fitted” onto.the

spiral curves of member 31. The best “fit” for a nega-
tive having a desired low density of 0.30 and the desired
high density of 1.56 was found at the spiral curve repre-
sex}ting a development time of 2 minutes 15 seconds. At
this setting of the rotatable assembly, it was found that
the exposure time pointer gave a reading of 28 seconds.
A negative of excellent quality was obtained as a copy
of the positive original by exposing and developing ac-
cording to the values determined by the calculator,
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Although a very useful and convenient form of the
calculator has been illustratéd as the preferred embodl-
ment, similar results can be obtained with calculators
modlﬁed somewhat from the illustrated - embodiment.
Thus, the basic circular form of the device is merely the
most convenient in form which can contain all the useful
indicia which it is desired to have in such a calculator.
For example a device employing Cartesian coordinates
instead of polar coordinates could produce the same re-
sults but it would be a much more cumbersome device.
In the present embodiment, exposure steps are separated

by the factor \/2; an obvious equivalent would be the
use of another value for the factor, e.g.,

V2, V3, ete.

The number of movable members could be reduced if
one were willing to sacrifice the universality of the illus-
trated calculator. The spiral curves of member 31
could be drawn directly on the base plate but with this
arrangement it would no longer be possible to adjust for
emulsions which have different sensitivities to light by
rotation of the spiral curves relative to the base plate.
If it were desired to comstruct a simpler calculator, the
most obvious element to be eliminated would be mem-
ber 32 containing the developer temperature compensa-
tion values in terms of development times; these com-
pensation values could be shown in an auxiliary chart
or even printed on the back of the base plate. If mem-
ber 32 were eliminated, it would merely be necessary to
identify the various spiral curves according to the devel-
opment times which they represent and this information
could easily be printed on the member 31 containing
these spiral curves or on base plate 30.

Members 31 and 32 can be interchanged in position
since it is unimportant which of these two members are
adjacent to the base plate. The other members, how-
ever, should be maintained in the positions shown in the
sectional view of FIGURE 2 for best operation of this
device.

The base plate itself can be square, rectangular, ellipti-
cal, circular, or irregular in shape, the most unportant re-
quirement merely being that the base member is at least
as -big as any other member. For ease of manipulation,
the movable members should have decreasingly smaller
diameters as they are located farther from the base plate,

[
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although the size of members 31 and 32 is not governed

by ‘u§ns rule (these two members may be of any convenient
size).

The various indicia are, in general, shown in clear
black print of high contrast. However, it may be advan-
tageous to show certain indicia in various colors for better
differentiation. It is partrcularly desirable to show the
spiral curves of member 31 in different colors.

\A varjety of materials of construction may be used in
this device. For ease of construction, it has been found
most convenient to use a lith type positive so that the
member can be reproduced photographically, giving in-
dicia of high contrast on a transparent support. A pantic-
ularly useful material for the base plate has been found
to be _anemu_ls;on ‘sensltlzed drafting film containing ti-
tanium dioxide pigments to make the base plate both white
and opaque. Such a base plate has advantages that it can
be photographically reproduced and that it has a white
opaque reflecting surface so that all the indicia of the cal-
culator can be clearly read. ~ If the base plate is made of
transparent material, it is convenient to place the calcula-
tor mpon a piece of white paper when i in operation. The
base plate and movable members need not be reproduced
photographically, but can be reproduced by conventional
printing means, in which case any relatively stiff trans-
parent material can be used such as cellulose ‘acetate, cel-
lulose ftriacetate, cellulose nitrate, polyethylene tereph-
thalate or related polyester compounds, polycarbonate,
poly_styrene or any other similar transparent sheeting ma-
terial, Any of a variety of devices, e.g., pins, rivets,
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snap-type structures, etc. can serve as the pivot 39 about
which the movable members rotate.

In order to make the calculator useful for a wide variety
of films it is necessary that member 31 (containing the
spiral curves) be replaceable for each different type of
film. These curves are specific for the sensitometric prop-
erties of a given film since they represent actual plots of
sensitometric data at different development times for a
particular film. However, it is well known that there are
groups of films which have very similar characteristics as
to the “toe,” “shoulder” and length of the “straight dine”
portion of their sensitometric curves. ‘Good results can
be obtained when the same spiral curves are used for such
a group of similar films. However, when another film
type is to be used, which has an appreciably different sensi-
tometric curve shape, it is necessary to replace member 31
with a correspondlng meimber con’tamm0 the apphcable
spiral curves.

Member 33, containing the series of concentric circles
representing a series of movable time scales for different
values of “g” as shown in FIGURE 6, is a convenient
means for making the calculator adaptable for a wide
variety of film types. If a shop should use only one type
of film, it would be more convenient to use a simplified
eqmvalent of member 33 which would contain’ a single
movable time scale corresponding to the partlcular value
of “q” of the film being used.

)Small pieces of pressure sensitive tape have been re-
ferred to as a means of locking together the vatious mov-
able members so that they may rotate as an assembly.
Other methods are known which might be more conven-
ient for accomplishing this purpose, for instarice provid-
ing the movable members with a matte surface so that
adjacent members will normally rotate together by fric-
tion but can easily be made to move separately by lifting
one member relative to the other. Alternatively, the piv-
oting member 39 may be designed to hold movable mem-
bers together with sufficient force of friction that they will
rotate together unless extra force is exerted to make them
move separately.

The calculator described herein is more sophmst]cated in
concept, more versatile and more precise in operation
than any system availablé outside of the electronic com-
puters. To the average person in the trade, the cost of
electronic computers is prohibitive. The relatively inex-
pensive and simple calculator of this application can guide
any interested plant into a truly instrumental control of
their photographic processes.

The advantages of this calculator then, are the improve-
ments which it makes possible in cost and quality of the
photographic product and the simplicity and low cost of
the device itself. Specially simplified embodiments of the
device may be constructed by carrying out part of the
calibration during the initial assembly of the device, i..,
by the manufacturer. Thus the shop ‘where the calculator
is to be used can be furnished with a device which re-
quires only a minimum of calibration for the partwular
type of film for which it is to be used.

A further advantage is the universality that is potentlal-
ly available in this device. Compensations are possible for
almost any variable in the photographic process Whlch
can be imagined. Such variables include adaptation to
different types of films, rcompensatxons for speed or con-
trast changes caused by aging of ‘the film or by possible
variation in the manufacture of a partlcular type of film,
compensation for ohanges in agitation of the developer
solution, changes in developer temperature, changes in
types and concentrations of the developer solution, and
changes of light source or distance from light source dur~
ing exposure.

What is claimed is:

1. A calculator in the form of a circular slide rule for
determining appropriate exposure and development con-
ditions of photographic films, said calculator comprising
a fixed base plate containing a polar coordinate array with

i
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Jogarithms of optical density measured radially and with

logarithms of relative exposure measured angularly, over

which is rotatably mounted, in order, on a central axis
the following transparent elements:

(a) a member containing a series of curves of log
optical density versus log relative exposure plotted
thereon, each of said curves representing a certain
development time, said member in cooperative rela-
tion to said base plate and capable of being rotated
relative thereto to allow the use of emulsions which
have different sensitivities to light,

(b) a member containing developer temperature com-
pensation values in terms of development times in
cooperative relation with the base plate and mem-
ber (a),

(¢) an exposure time scale member containing at
least 'one concentric circle, said circle having a
logarithmic plot of exposure time corrected for reci-
procity law failure for a given photographic emul-
sion,

(d) a time index member having a pointer thereon
which indicates the required exposure time on mem-
ber (c),

(e) a density scale member containing a circumferen-
tial plot of optical density which relates to the log
exposure scale of the fixed base plate,

(f) an “original-high,” “copy-low” read-out scale mem-
ber having an “original-high” index pointer thereon
for cooperation with said density scale member (e)
and having a “copy-low” radial logarithmic scale of
optical density for cooperation with the said curves of
member (a), and

(g) an “original-low,” “copy-high” read-out scale mem-
ber having an “original-low” index pointer thereon
for cooperation with said density scale member (e)
and having a “copy-high” radial logarithmic scale
of optical density for cooperation with the said
curves of member (a).

2. A calculator as defined in claim 1 wherein the posi-

tions of elements (a¢) and (b) are interchanged.

3. A calculator as defined in claim 1 wherein said ex-
posure time scale member contains a series of concentric
circles.

4. A calculator as defined in claim 1 wherein said base
plate and element (a) are combined as a single element,
the curves of said element (a) being drawn in coopera-
tive relationship on said base plate:

5. A calculator as defined in claim 1 wherein said base
plate, element (a) and element (b) are combined as a
single element, the curves of said element (a) being drawn
in cooperative relationship on said base plate and being
labeled according to the development times of element
(b) which said curves represent. )

6. A calculator in the form of a circular slide rule for
determining appropriate exposure and development con-
ditions of photographic films, said calculator comprising
a fixed base plate containing a polar coordinate array
with logarithms of optical density measured radially and
with logarithms of relative exposure measured angularly,
said base plate also containing a series of curves of log
optical density versus log relative exposure plotted there-
on, each of said curves representing a certain develop-
ment time, over which is rotatably mounted, in order, on
a central axis the following transparent elements:
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(a) a member containing developer temperature com-
pensation values in terms of development times in
cooperative relation with the base plate,

(b) an exposure time scale member containing at least
one concentric circle, said circle having a logarith-
mic plot of exposure time corrected for reciprocity
law failure for a given photographic emulsion,

(¢) a time index member having a pointer thereon
which indicates the required exposure time on mem-
ber (b),

(d) a density scale member containing a circumferen-
tial plot of optical density which relates to the log
exposure scale of the base plate,

(e) an “original-high,” “copy-low” read-out scale
member having an “original-high” index pointer
thereon for cooperation with said density scale mem-
ber (d) and having a “copy-low” radial logarithmic
scale of optical density for cooperation with the said
curves of the base plate, and

(f) an “original-low,” “copy-high” read-out scale
member having an “original-low” index pointer
thereon for cooperation with said density scale
member (d) and having a “copy-high” radial log-
arithmic scale of optical density for cooperation with
the said curves of the base plate.

7. A calculator in the form of a circular slide rule for
determining appropriate exposure and development con-
ditions of photographic films, said calculator comprising
a fixed base plate containing a polar coordinate array
with logarithms of optical density measured radially and
with logarithms of relative exposure measured angularly,
said base plate also containing a series of curves of log
optical density versus log relative exposure plotted there-
on, each of said curves representing a certain develop-
ment time, over which is rotatably mounted, in order, on
a central axis the following transparent elements:

(a) an exposure time scale member containing at least
one concentric circle, said circle having a logarith-
mic plot of exposure time corrected for reciprocity
law failure for a given photographic emulsion,

(b) a time index member having a pointer thereon
which indicates the required exposure time on mem-
ber (a),

(¢) a density scale member containing a circumferen-
tial plot of optical density which relates to the log
exposure scale of the base plate,

(d) an “original-high,” “copy-low” read-out scale
member having an “original-high” index pointer
thereon for cooperation with said density scale mem-
ber (¢) and having a “copy-low” radial logarithmic
scale of optical density for cooperation with the said
curves of the base plate, and

(e) an “original-llow,” “copy-high” read-out scale
member having an “original-low” index pointer
thereon for cooperation with said density scale mem-
ber (c¢) and having a “copy-high” radial logarith-
mic scale of optical density for cooperation with the
said curves of the base plate.
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