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1

The object of this invention is an instrument
which facilitates the selection of the proper ex-
posure time and of the proper grade of paper for
making photographic enlargements. The instru-
ment comprises three main parts, a light meas-
uring unit, a computing unit and a stepwedge
unit, and its method of operation is briefly as
follows:

The intensity of the light impinging upon a
selected point of the enlarged image as projected
by a conventional enlarger on the usual easel is
measured by means of the light measuring unit,
usually measured in foot candles. 'This light
intensity value is fed into the computing unit and
here convertfed for a given exposure time into
light intensity-seconds or foot-candle seconds.
The stepwedge unit contains sample stepwedge
prints made on light sensitive paper of various
contrast grades, and means are provided enabling
the operator to see which step of these prints
has been exposed to substantially the same num-
ber of foot-candle-seconds as obtained by said
computing device. In this manner, the operator
is enabled by this instrument either to predict
the density to be expected for a selected image
point from a given exposure time or, by selecting
judiciously the desired density for a salient point
of the image, the operator may determine the
necessary exposure time and paper grade, the
salient points being usually, but not always, the
darkest and the brightest points of the image
apbearing on the easel.

A preferred embodiment of this invention is
illustrated in the atiached drawings, in which

PFig. 1 shows a typical enlarger in connection
with the instrument covered by this invention;

Fig. 2 is a cross-sectional view of the instru-
ment along the plane of line 2—2 of Fig. 1;

Fig. 3 shows a plurality of stepwedges used in
the stepwedge unit of the instrumsnt;

Fig. 4 shows a somewhsat modified design of
the exposure time and papsr selector;

Pig. 5 is a cross-sectional view along the plane
of line 8—§ in Fig. 4;

Fig. 6 is an electric wiring diagram;

Fig. 7 is the resistance element of a logarith-
mically attenuated rheostat which forms part of
this circuit;

‘Tig. 8 is a moter driven rotating switch which
forms part of the circuit shown in Fig. 6;

Fig. 9 is a plan view of the photoelectric cell
with its housing, its cover having been removed;
and

Fig. 10 is a cross-sectiohal view along the plane
of line {0—10 in Fig. 9.
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Like characters of reference denote similar
parts throughout the several views and the fol-
lowing specification.

The general appearance and method of appli-
cation of the instrument can be seen in Fig. 1.
A typical enlarger is shown which consists in the
usual manner of a baseplate, a substantially ver-
tical supporting structure, and a projector mount-
ed thereon, part of this projector showing the
lamp, and the condensors being illustrated in
cross-secticn. The detailed design of this en-
larger forms no part of this invention and is,
therefore, not being described here. The instru-
ment which forms the obkject of this invention
consists physically of two parts, part A and part
B. Part A is a housing which contains a photo-
electric cell and part B contains all other parts.
It comprises a cabinet of any convenient shape,
usually a rectangular box. This cabinet containg
all other elements including the electrical com-
ponents such as rectifying tubes, transformers,
capacitors, etc. The exact disposition of these
paris within said cabinet is of no particular con-
seguence and has, therefore, not heen shown in
detail. The function of these parts, however, has
been fully explained by the circuit diagram shown
in Fig. 6. The photoelectric cell with its housing
is adapted to be placed on any point of the easel
so that the light iniensity impinging upon se-
lected points thereon can be measured.

As has heen explained above, this instrument
contains basically three parts, i. e., light meas-
uring unit, computing unit and a stepwedge unit,
and these three componenf{ parts will now be
described in this sequence.

Light measuring unit

In its preferred embodiment the light meas-
uring unit comprises & photoelectric cell mocunted
in a suitable housing which can be placed on the
easel so that individual image elements thereupon
can be analyzed. 7This photoelectric cell is asso-
ciated with an electric cireuit which enables the
operator to measure the magnitude of the cur-
rent passing the cell, This circuit may be of any
desired type, but in its preferred embodiment two
part circuits are nrovided, the output voltage of
the first part circuit being directly controlled by
said photoelectric cell, and the oubput voltagse of
the second circuit being controlied by a manually
operated rheostat. A separate balance indicator
shows when the difference between the two cut-
put voltages assumes a predetermined value.
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Photoelectric cell

Basically the photoelectric cell may be of any
of the several types well known in the art, bub
in practice, I prefer to use a so-called electron
multiplier tube since in this manner no separate
and complex amplifier will be necessary. An
electron multiplier tube comprises an evacuated
glass vessel with a plurality of electrodes. The
first of these electrodes has a coating of a suit-
able metal, usually potassium or caesium and
has, in a manner well kKnown in the art, the prop-
erty to emit elecirons upon exposure to light. A
supply circuit which will be explained in detail
later imposes a suitable voltage between two sub-
sequent electrodes, each electrode being positive
with respect to the preceding. one. The rela-
tively few electrons emitted by the first photo
emissive electrode are thereby attracted by the
second electrode, and striking this second elee-
trode, release a certain-number of secondary elec-
trons. This number of secondary electrons is
larger than the number of the primary electrons
causing their release, and the property of the tube
to “multiply’ electrons is based on this fact.
These secondary electrons are made to impinge
upon the. third electrode releasing there a still
larger number of “tertiary” electrons and the
process is repeated at each subsequent stage until
a very high amplification factor is obtained in
this manner. Referring to the circuit diagram,
Fig. 6, the glass vessel of the multiplier tube is
designated 20. 21 is the first photo emissive elec-
trode and 22 to 30 are subsequent electrodes.

Supply circuit for mulliplier tube

The voltage required between two subsequent
electrodes is of the general order of 100 volts and,
since a typical tube has ten electrodes, a voltage
of approximately 1,000 volts together with a suit-
able voltage divider with ten steps, would be hec-
essary. Sinee a device of this character is expen-
sive and has also several other disadvantages, I
am making use of a supply circuit which hag al-
ready been fully disclosed in a copending patent
application Serial #585,350, filed by Louis IL.
Weisglass, and assigned to Simmon Brothers, Inc.,
the assighee of this application; now Pateng No.
2,430,265, This supply circuit- uses a battery of
condensers or capacitors 31 to 39, inclusive, The
intermediate points of this battery are connected,
as shown, to subsequent electrodes of the multi-
plier tube. These intermediate points are also
connected to switch buttons 48 to 49 which are
mounted in a circle on a plate made from some
suitable insulating material. This arrangement
can also be seen in Fig. 8. This assembly of
switch buttons is mounted opposite to two rotat-
ing contacts 8¢ and 51 which are mounted on a
shaft 52 made again from insulated material.

Also mounted on this shaft are two slip rings 53.

and 58 which are connected to the two rotating
contacts 51 and B, respectively. These slip rings,
in turn, are in current conducting relationship
with two brushes 55 and 56, and the entire assem-
bly comprising the shaft 82, the slip rings 53 and
‘54, and the contacts 8! and 90, is kept rotating
by means of two gears 57 and 58 and a small mo-
tor 59. The two brushes 82 and 54 are, in turn,
connected to a suitable source of direct current.
This source must - supply a direct current of a
voltage substantially equal to the voltage required
between subsequent electrodes of the multiplier
tube, but may otherwise be of any convenient de-
sign, for example; it may be a battery. As a pre-
ferred .example, I show a. transformer with a

10

15

25

30

40

45

b0

55

80

65

4

primary coil 68, an iron core 61 and a secondary
coil 2. The secondary coil 62 delivers a cer-
tain A. C. voltage which passes the rectifying tube
823 and charges the condenser 64. Since it is
desirable tc have the output voltage of this con-
denser rendered constant and independent of ac-
cidental line voltage fiuctuations, I provide a
gas filled regulator tube 65 in series with a re-
sistor §5. Parallel to the regulator tube 65 is a
potentiometer §7 including a sliding contact §8
by means of which the voltage impressed upon
the brushes 33 and 54 can be adjusted. For a
more complete deseription of this method to en-
ergize vacuum tubes of the multiplier type, I wish
to refer to the before mentioned copending ap-
plication Serial #585,350.

Measuring circuit

It is necessary to provide means to indicate the
magnitude of the electric current passing the
photoelectric tube in response to the received jl-
lumination. These indicating means may com-
prise, for example, a sensitive microameter but,
in practice, I prefer to use the following system:
Two part circuits are provided, the output. volt-
age of the first part cifcuit being controlled. by
the: photoelectric cell, and the output circuit of
the second circuit being manually controlled by
suitable means, for example, a rheostat. The
cutput voltages of both circuits are made to op-
pose each other and indicating means are pro-
vided to indicate when the difference between the
two output voltages assumes a predetermined
value. )

Protoelectric part circuit

Most of the salient parts of this part:circuit
have already been described and it.is ' merely nec-
essary to mention at this point that the output
of the multiplier tube is impressed.on a resistance
79. The voltage between points 74 and.72:is in
direct proportion to the illumination which im-
pinges upon the electrode 21: of the multiplier
tube.

Manually conirolled part circuit:

This part circuit is shown on the right' side of
Fig. 6. It consists of a source of D. C. which is
impressed upon the three resistors 13, 74 and 15
which are connected in series. Resistors 73 and
15 are fixed but resistor 74 forms part-of a po=
tentiometer which will be described 'in detail be-
low. The source of direct current which passes
these three resistors may again be a battery or
any other suitable source, and again merely as a
preferred means I use a transformer, a rectifying
tube and gz condenser. The transformer may be
a separate transformer or, more conveniently, a
secondary coil §8 may be wound on the same iron
core 81 which is already being used for the trans-
former of the photoelectric part circuit. The al-
ternating current delivered by this secondary is
passing g rectifying tube 8! and charging a con~
denser 82. The terminals of this condenser. are
connected to a second gas filled regulator. fube
83 which is in series with a fixed resistance 84.
The three aforementioned resistors 13, 14 and 15
constitute the load circuit, and are connected in
parallel to the regulator tube 83. The voltage
impressed upon- these three resistors is {hereby
rendered constant and independent of accidental
line voltage fluctuations.

I have not shown any current supply.focr. the
filaments of the two rectifying tubes 63 and.8i
as-well as for the thyratron 110 to be mentioned
later. Means to supply these. filaments -with cur-
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rent aré Well knoWn in the art, and, for example,
separate transformers may be used or additional
turns of wire may be wound on the iron core 61
on the transformer that supplies the plate cur-
rent for the two circuits.

Rheostat

The manually adjustable rheostat which con-
trols the last named circuit is one of the most
essential parts of this instrument and will, there-
fore, be described in detail. A cross-sectional
view is shown in Fig. 5.

The rheostat comprises a cylindrical body 9t
made from a suitable insulating material. This
cylindrical body 9§ serves as a support for g re-
sistance element T4. This resistance element com-
prises a relatively large number of convolutions
of thin resistance wire wound on 2 flexible sirip
made from sheet fibre or other suitable insulating
material. This insulating sirip is held flat while

_the wire is wound thereupon, but is afierwards
bent into a cylindrical shape and attached to a
cylindrical support 8f. It is desirable to shape
this resistance element so that the rheostat has
a logarithmic attentuation. For this reason, the
supporting strip is given a trapezoidal shape as
shown in Fig. 7. This shape, of course, will cause
the rheostat to have a lower resistance value per
unit length at one end than at the other. This,
by itself, will not as yet give a true logarithmic
attenuation and the wire is, therefore, wound on
this trapezoidal element with a variable pitch, the
convolutions being relatively close together on
the high side of the supporting strip and rela-
tively far apart on the low side. By varying the
pitch of the wire in a suitable manner, a very
satisfactory approximation of g logarithmic at-
tenuation can be obtained. A sliding contact is
formed by a leaf spring 93 which is made from
phospher breonze or berylium copper or the like.
This leaf spring is supported by a shaft 98, but
insulated therefrom, and one end makes contact
with resistance element 74 and the other one
slides on a ring 99 made from brass or the like.
This ring serves as a connecting element to the
other parts of the circuit.

Balance indicator

The purpose of the balance indicator is to in-
dicate when the difference between the two oui-
put voltages of the photoelectric part circuit and
of the manually controlied part circuit, respec-
tively, assumes a predetermined value. This can,
for example, be done by a sensitive galvanometer,
In this case it would be most logical to adjust the
two voltages until they are equal to each other
or until their difference becomes zero. As g pre-
ferred device I use a gas filled thyratron tube 118
in series with a load device which indicates when
said thyratron hecomes current conducting. This
load device may be of any suitable type and again
a galvanometer may very well be used. As a
preferred device, I use a small glow lamp 1!
filled with neon or some other suitable gas. A
current limiting resistor {12 is connected in series
with this lamp. As can be seen in PFig. 6, the
grid of the thyratron is connected to point 72
and the grid voltage of the thyratron with re-
spect to its filament depends, therefore, upon
the voltage which is impressed upon resistor 75,
that portion of the resistor 74 up to the point
where it makes contact with the sliding contacts
93 which is in the circuit 24, and resistance T0.
The voltage across resistance T5 and vart of re-

sistance T4 represents the output voltage of the-
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manually ¢ontrolled part circuit. 'The voltage
impressed upon resistance 10 represents the out-
put voltage of the photoelectric part circuit. By
tracing the circuit of Pig. 6 it can be seen that
both voltages are of opposite polarity, i. e., op-
pose each other and, therefore, the voltage he-
tween the filament and grid of the thyratron
represents the difference between the output
voltages of the manually controlled and of the
photoelectrically confrolled part circuit, respec-
tively. A thyratron usually becomes current con-
ducting as soon as the voltage of the grid with
respect to the filament becomes higher than ap-
Proximately —2 volts and this is the voltage
whieh, in the appended claims has been called
“the predetermined value of the difference be-
tween the two output voltages of the two part
circuits.” In other words, if the grid is more
negative than —2 volts with respect to the fila-
ment, no current will flow and the glow lamp ({1
will remain dark. As scon as the negative bias
of the grid with respect to the filament is less
than —2 volts, current will begin to flow and the
glow lamp #{i will light up. There is usually a
small borderline region when the glow lamp will
ficker at more or less intervals, and the critical
setting of the potentiometer is made relatively
easy thereby. The plate circuit of the thyratron
may be connected to any convenient source of
alternating current and merely as a convenience
I use the voltage delivered by the secondary coil
88 of the transformer described above. As can
be seen, one end of the coil 88 is connected to the
filament of the thyratron, the anode of the thyra-
tron is connected to one side of the glow lamp
{if, the other side of the glow lamp is connected
to the current limiting resistance (12 which, in
turn, is connected to the other side of the sec-
ondary coil 80.

Means to extend the range of the measuring
circuit

One revolution of the sliding contact 93 of the
rheostat will correspond to a variation in the
measured intensity of the light impinging upon
the photoelectric cell approximately in the ratio
1:10. 'This is not enough since the light intensity
depends upon many factors such as the character
of the negative, the magnification ratio, the set-
ting of the iris diaphragm of the lens, and others,
and it is, therefore, necessary to provide means
to extend the range of the light intensity which
may be measured. In order to accommodate a
sufficiently wide range, I am, therefore, using an
expedient which has already been disclosed in a
copending patent application Serial #633,475,
filed by Louis L. Weisglass, and assigned to Sim-
mon Brothers, Inc., the assignee of this applica-
tion, now matured into Patent No. 2,411,486 of
November 6, 1946,

This method consists essentially of permitting
the sliding contact 83 to make several revolutions,
usually 3, and changing the light admittance of
the photoelectric cell after each revolution. The
light admittance of the photoelectric cell is most
conveniently changed by interposing suitable dia-
phragms with smaller or larger apertures. If one
revolution of the rheostat contact 93 accommo-
dates a range of light intensity in the proportion
of 1:10 and if one provides three diaphragms
with apertures varying in the proportion of
1:10:100, light intensities in the proportion of
1:1000 can be accommodated. The arrangement
is shown schematically in Fig. 6 and also in Figs.
9 and 10,
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:Referring to Pigs. 9 and 10, the photoelectric
~gell 20.is mounted in the conventional tube socket
120 which, in turn, is attached to a plate 12i.
This plate is mounted in a housing {22, the upper
-part of .which is closed by a cover §23. Cover (43
-has been omitted in Pig. 9. Plate i2l supporis
.directly above the photoelectric cell a thin plate
124 with-a relatively large aperture {25, Between
“this aperture and the photoeleciric cell there is a
small disc.of diffusing glass §{28. 1% is the purpose
of this diffusing glass to prevent irregularities due
to the fact that without it the light impinging
upon the light sensitive electrode 2{ may hit more
<or less sensitive spots thereon. By interposing
this diffusing glass the entire area of this light
sensitive electrode will be evenly illuminated.
Mounted on top of plate 21 are two electromag-
.netically controlled diaphragms 127 and §28.
-Diaphragm 128 has a medium sized aperture {23

“which is smaller than the aforementioned large o

aperture {23, In the numerical example in which
-one revolution of the rheostat accommedates 2
light range 1:10, the area of aperture 128 would
‘be 75 of the area of aperiure 128, The diaphragm

7127 has an-aperture 132 which is still smaller and »:

:which in the same example would have +% of the
+area of aperture i29 or Yoo of the area of aperture
-125. Each of these diaphragms has the shape
shown in Fig. 9 and the two dizphragms are ar-

~ranged in slightly different planes as can be seen o

in- Fig. 10. Each of these plates has an upturned
lug #3831 and {32, respectively, and to each of these
upturned lugs there is attached an iron core 133
and 134, Two electromagnetic coils 135 and 36
-are provided which, when energized, attract one
of these iron cores, respectively. As shown in the
drawings, coil §35 is represented as being ener-
gized and has thereby attracted iron core 23
which, in turn, places diaphragm {28 in a posi-

tion in which its aperture 12§ is directly above zn

the photo sensitive electrode 2¢ of the photoelec-
tric cell. Each of these aperture plates has a slot
137 and 138, respectively, and each of these slots
engages two guide pins which can be seen in Fig.

-9, Return springs 13%.and {48 are provided which ¢

-return the diaphragm blades to their original pe-
sitions as soon as the corresponding coil is ‘de-
energized.

Which of these coils, if any, is. energized de-

pends upon the pesition of a rofating switch 8

which is shown on the left side of Fig. 6. If com-

-prises a rotating spring 145 made from phosphor
‘bronze or barylium copper or the Iike, which
.makes contact with a circular ring {4§ at one
;end and with a similar ring at the other end.
The second mentioned ring, however, is split into
three segmental parts 147, 148 and i49. Ring
segment {47 is connected to coil 136 and ring
segment i48 is connected to coil [35. The cir-
cular ring {46 is connected to one end of the
-line, and the two other ends of both coils 185 and
136 are connected to the other end of the line.

A preferred mechanical construction of @ this
rotating switch can best be seen in Fig. 5 which
-shows a cross-section-through the rheostat. - The
sliding contact 93 which was described above is
-rotated by and attached to shaft 98. Also fas-
tened to shaft 98 is a small gear (56 which meshes
.with a larger gear 15{. ‘Another small gear 152
is attached to the larger gear 151, and both rotate
as a unit on a stationary shaft (53. This sta-
tionary shaft is fastened to the same support to
which the ‘insulated body 8! is fastened which
searries the aforementioned resistor 74. This sup-
port forms part of the computing unit to be.de-
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8

scribed- later. “The-small-gear 182, in turfi, is'in
mesh with a large gear-i§4 which is fastened to
a cylindrical sleeve. 53 which is rotatably -sup-
ported by shaft-85 of the rhecstat. A pointer-156
is carried by the front end of the cylindrical sleeve
{85, and a knob or handwheel {87 is fastened to
the front end of shaft §6. Pointer {58 acts on a
seale-which is caliprated in' foot-candles or equiv-
alent units, and which will be described later,

The result of this arrangement is that the oper-
ator may turn handwheel 157 and therewith con-
tact 93 several times, three times, while gear 154
with the associated cylindrical sleeve 185 and
pointer 183 moves much slowsr, depending upon
the ratio of the various gears. As shown, gear

-481 -has-twice the diameter of gear {58 and gear

{38 has twice the diameter of gear 152 so that

$he cylindrical sleeve of gear 15§ is backgeared

4

in the proportion: 1:4, Therefore, in the same
time in which the operator turns the knob 157,
and therewith contact §2 three times, the part

i3 and the pointer 156 make three-quarters of

one revolution.

Supported by sleeve 1585, but insulated there-
from, is contact spring 145, one end of which'is in
contsct with the ring 148 and the other end of
which makes contact with one of the thres seg-
ments. 1487, {49 and {49, respectively. By this ar-
rangement, one accomplishes that after each full
revolution of spring 6% contact (48 moves from
one segment to the nex{ one, thereby changing
the electrical connections of the diaphragm blades
and the electromagnetic coils. In other words,

-the operator, for example, performs frst one full

revolution with both coils deenergized, i. e., sering
{45 in contact with the nonconnezcted segment
£49, In this position both diaphragm blades are
moved by their respective return springs to the

“left, Pig. 9, and the light admittance of the ceil

is controlled by the size of the diaphragm epening
128, After a full revelution of spring 43, contact
£45 has made one-quarter of a revolution and will
come in contact with segment {48 thereby ens
gizing coil 186, 'This, in turn, attracts the dia-
phragm 128 which is now shifted to the right so
that its medium sized aperture {28 is above the
photoelectriz cell thereby limiting ifs light admit-
tance. This is the position shown in Pigs, 8§ and 0,
After another full revelution of contact 938 the
rotating contact (4% has moved ancther quarter
of a revolution and will move from contact with

aner

‘segment 148 into contact with segment (47, there-

by -deenergizing coil 185 and energizing coil 134,
Coil i35 will now release blade {28 which will
return towards the left o its original position, and
coil 428 will attract blade {37 which will now move
to the right, placing the smaliest diaphragm
opening 1332 above the photoelectric czil. The
general principle of this arrsngement has been
fully disclesed in the beforsmentioned covending
application Serial #8633,475, and I wish to refer
1o this application for o fuller deseription of the
principles invelved and the specific means em-
vloyed to this end.

Computing unit

The light intensity value of a selected point of
the easel is measured by the light measuring unit
described above and is then fed into the comput-

[ing unit. .In this computing unit this light inten-

sity value is converted, for a given or chosen ex-
posure time, into light  intensity-seconds; light

Aintensities are commonly expressed in foot-can-

dles and conseduently light intensity-seconds are:

‘expressed in foot-candie-seconds.
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The simplest computing mechanism applicable
to this purpose is the well known slide rule and
such a mechanism has been shown in Figs. 1 and 2.

A slide rule like computing mechanism com-
prises two principal parts which are movable rela-
tive to each other, or, in other words, one of these
parts is stationary and the other one is movable.
The stationary part 160, Fig, 1, forms at the same
time the housing which contains all other com-
ponent parts of this device including the elec-
trical components of the light measuring unit
deseribed above, with the exception of the photo-
electric cell itself. The second principal part {64
is mounted slidably in g suitably shapsd groove
of part 160, which also carries a scale- 162 which
is divided in exposure time values which, of course,
are logarithmically spaced. Part {61 carries a
corresponding mark {63 which cooperates with
this scale to indicate exposure times. A knob or
handle 164 is attached to slide 181 in order to
facilitate its movement.

A movable element i65 is, in turn, mounted
slidably on part 161. This part carries a mark
166 which cooperates with a scale 167 which is
affixed to part 161. This scale 167 indicates foot-
candle values which again are logarithmically
spaced.

While the relative position of mark (63 with
respect to scale 162, or the relative position of
part 161 relative to part 160, depends upon the
choice of the exposure time, the relative position
of mark 166 with respect to scale 167, or the rela-
tive position of part 165 with respect to part 161,
depends upon the number of foot-candles which
impinge upon the photoelectric cell, and it is,
therefore, necessary to provide an operative con-
nection between the light measuring unit and the
computing unit or, more specifically, between the
position of the balancing rheostat which was de-
scribed above, and the foot-candle indicator
formed by mark 166 and scale 167. For this pur-
pose. a rack 168, shown in Fig. 1 in dotted lines,
is affixed to part 169, and this rack is in mesh with
a spur gear 189 which is fastened to a shaft 179.
This shaft is turned by a knob {Tl and supports
a contact spring {72 which slides on the resist-
ance element 174 of the rheostat. It will be noted
that the rheostat is shown more or less schemat-
ically in Fig. 2. For a more detailed view, refer-
ence is made to Fig. 5.

By means of this mechanical connection be-
tween the rheostat and slide 165, the measured
number of foot-candles is direcfly indicated by
mark 166 on scale 167,

With reference to Fig. 1, it can be seen that the
distance from the left end of scale 182 to mark
183 is equivalent to Log ¢ and that the distance
from the left end of sca’e 187 to mark 166 corre-
sponds to Log L. Consequently, the horizontal
distance as measured from the left end of scale
{82 to mark {88 corresponds to the logarithmic
value of the number of foot-candle-seconds, Log
LXt. A third scale {74 calibrated in foot-candle-
seconds is, therefore, provided on the stationary
part 180, and this scale is in juxta-position to
the aforementioned scale 167. The whole ar-
rangement can clearly be seen in Fig. 1 and is
real'y nothing more than a modified slide rule
mechanism.

As can be seen in Figs. 1 and 2, part 16! is
equipped with a small groove {75 for a number
of slidable tabz #78. The purpose of this groove
with these slidable tabs is to provide convenient
meang for the operator to remember the light
intensity which he has measured for various se-
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lected points on the easel. These selected points
will usually include the darkest and the brightest
points, but it may also be desirable to measure
the density of other points which appear to be
particularly important to the appearance of the
finizhed print. During the operation of the de-
vice, the oparator measures the intensity of these
various points by turning knob i7¢ until the neon
lamp (i1, as explained above, is on the border
line of extinction, in which case the position of
mark {88 on scale 187 indicates the light intensi-
ty. The operator then shifts one of the slidable
tabs 178 in a position opposite mark 166 where
it remains for the rest of the operation for ready
referencs.

The computing device as shown in Figs. 1 and 2
is perfectly practical, but has the disadvantage
that its horizontal dimension becomes quite large.
As can be seen, the foct-candles and the foot-
candle-second scales have to run through several
decades. A slightly more practical and compact
arrangement which, however, employs exactly the
same principles has, therefore, been shown in
Figs. 4 and 5.

In this preferred embediment of the invention
the straight part 161 has been replaced by a
rotatable disc {88, and the movable element 185
with its mark {88 has been replaced by the pointer
£33 which was already mentioned above.

Again, the computing mechanism has two prin-
cipal parts, a stationary part i8¢ and the rotatable
circular dizc !82. The stationary part 181 car-
ries a scale 182 calibrated in logarithmically
spaced exposure time values, and the disc 180
carries a mark {83 which acts on said scales. The
disc 188 also carries a scale 184 which is calibrated
in legarithmically spaced light intensity values
customarily expressed in foot-cand'es, The afore-
mentioned pointer 158 acts on that scale. The
pointer 156 is in operative engagement with the
sliding contact 93 of the rheostat and I wish to
refer to the chapter on said rheostat and on
“means to extend the range of the measuring cir-
cuit” where this arrangement has already been
fully described.

The disc {89 carries again a groove {85 which,
in this instance, of course, is circularly shaped
and in which again a number of movable tabs
188 may be adjusted by the operator in order to
remember the light intensity of various selected
points on the easel as measured by the light meas-
vring unit, The foot-candle scale affixed to the
rotatab’e part 18§ is in juxta-position to a sta-
tionary scale 187 affixed to part 181 and calibrated
in logarithmically spaced values of foot-candle-
seconds.

In order to facilitate the rotation of disc 180
a worm gear 188 is fastened to disc 189. This
worm gear is actuated by a worm 189 which is
fastened to a shaft 199. This shaft may be turned
by means of a handwheel 191 which protrudes
from the right side of the unit as shown in Fig. 4.
Toe worm gear {88 carries, in turn, three studs
182, the purpocse of which is to support the afore-

5 mentioned body 91 of the rheostat.

Stepwedge unit

The purpose of this unit is to enable the opera-
tor to predict the density which he may expect
for a selected point on the easel from a given
grade of paper and for a given exposure time or,
which amounts to the same thing, the operator
may select with the help of this device, the proper
grade of paper and a suitable exposure time in
order to obtain a desired density for a selected
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point of the image. For this means, a support is
nrovided on which g plurality of stepwedge prints
-can pe meunted. These stepwedge prints repre-
sentt light sensitive papers of various grades of
contrast and the support can be moved in such
a manner that one of these prints is placed in a
gosition in which it can be conveniently viewed
by the operator. The device is equipped witly
means to indicate the grade of paper which is
presented to the operator al any given instance
and to indicate also the number of foot-candle-
seconds to which each individual step of said step-
wedge prints was exposed. In this manner it be-
comes possible to relate the number of foot-
candliz-seconds, a5 obtained by the computing unit
descrived gbove, to the density of 5 seiected step
of cne of the stepwedge prints which was exposed

Vil
te substantially thie same number of foot-candle-
seconds and thereby predict densities which may
be- expected under certain conditions, i. e., as
determined by the light intensity impinging upon
a certain point of the eassl, a given exposure time,
and a given or selected grade of sensitized paper.

A preferred embodiment of this device can be
seen in Figs, 1 and 2, and 4 and 5, respectively.
A typical example of a plurality of stepwedge
prints is shown in Fig, 3.

The supporting structure comprises a cylinder
204 which is supported by a shaft 281.  This shaft
with this cylinder can he rotated by the oper-
ator by means of handwheel 262. The housing,
160 in case of Figs. 1 and 2 and {81 in case of
Figs. 4: and 5, has an elongated siot 283 through
which part of the cylindrical support 258 he-
comes visible. '

Mounted on the cylindrical circumference of
part 260 is a plurality of stepwedge prints. These
stepwedge prints are obtained by inserting a
stepwedge negative into the enlarger and ex-
posing a test strip of sensitive paper on the
easel to the suitable enlarged image of the step-
wedge negative as projected by the enlarger on
th easel. This is done with a number of paper
strips, each strip representing a different con-
trast grade of the chosen paper brand. The
number of prints assembled in this manner de-
pends upon how many different contrast grades
of the chosen paper brand are -commercially
available.  Most paper brands are commercially
available in three or usually four contrast grades,
in: which case the plurality of stepwedge prints
as mentioned in the appended claims would com-
prise three or four prints. There is also com-
mercially available a paper with a variable con-
trast., This paper is capable of delivering prints
of any grade of contrast from exiremely “soft”
to extremely “hard” prints, depending upon the
color of the light to which il is being exposed,
yellow light delivering very “soft” and blue light

-delivering very “hard” prints, intermediate grades
being obtainable by suitable color mixture. In

" the case of a. variable contrast paper of this
type, the piurality of stepwedge prints may, of
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course, comprise an infinite or g very large num-~ -

ber of prints, and, for example,- I have shown
in Fig. 3, ten prints assumed to be made on paper
.of this type. Print No. 1 represenis the resuit
obtained with 100% yellow; 0% blue, and print
No. 16 a print -made with 100% blue, 0% yellow,
light.

These prints are mounted on the circular cir-
cumference of the support 288, and one of these
prints-is visible to the operator through: siot 283.
An-additional slot 284 is provided by means of

which an identifying mark or numbper becomes
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visible indicating the gragde of paper which hap-
pens to he in view.

In order to give this exhibition of stepwedge
prints a numerical meaning, it is necessary to
indicate the nwmber of foot-candle-seconds to
which each individual step has been exposed.
Theoretically, it would be simplest if a properly
calibrated stepwedge print could be produced in
which the density and spacing of the various
steps would corresponid exactly, for example, to
the scale values of scale {74 in #Fig. 1. In prac-
tice, it will be found almost impossibie to ac-
complish this, and it is, therefore, preferable to
use the means shown in Fig. 1 and Fig. 4, respec-
tively. These means to indicate the number of
foot-candie-seconds {o which each individual step
of the exhibited stepwedge print was exposed
comprises a system of lines 288 by which each
individual step is-being connecied to that point
of the foot-candle-second scale, {74 in Fig. 2
and 187 in Fig. 4, to which it was exposed. Re-
ferring to Fig. 4, for example, it will be seen
that the extreme ieft field of the visible step-
wedge print was exposed to onhe foot-candle-
second and that the extreme right ficid was
exposed to 100 foot-candie-seconds. The first
value is so low that the sensitized paper remains
entirely white whereas the second value is so
high that the paper becomes entirely black, hav-
ing been overexposed many times.

Operation

The operation of the device may be divided
into three steps, i. e, adjusting the enlarger,
measuring the intensity of salient points of the
image on the easel, and establishing a satisfac-
tory density pattern by choice of a suitable grade
of paper and exposure time.

The adjustment of the enlarger does not de-
A
photographic negative, usually supported by a
suitable filmholder, is placed on the film stage
of the enlarger, the magnification ratio is ad-
justed to the desired value by moving the pro-
jector up and down on its supporting structure,
the image is sharply focused on the easel, and
if desired, the iris diaphragm of the lens is
stopped down.

The operator then places the sub-assembly A,
Fig. 1, containing the photoelectric cell on the
easel and measures the light intensity of various
points. ‘These points include preferably the
brightest and davkest point on the easei, but
initermediate points -which appear importani to
the composition and final appearance of the pic-
ture may also be included. After the photocell
is placed on g desired point, knob 157 is rotated
until the neon lamp (! is on the borderiine of
extinction. In the manner descrited above, knoh
i87 actuates thke balancing rheostat of one of
the part circuifs, and the borderline condition
of the neon lamp indicates that the two part
circuits are in balance or that the difference of
the two voltages has assumed a predetermined
value. The rotation of knob 157 causes the
adiustment of pointer {88. Rach time the light
intensity value for a selected point has heen
established in this manner, one of the slidable
tabs (88 is shifted manually by the operator
intc a position opposite point §5%. The varicus
tabs will keep these positions for the rest of
the operation for ready reference of the meas-
ured light intensities. These tabs establish a light
intensity pattern for the enlarged projected im-
age of the photographic negative; .and-such a
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pattern comprising three tabs can, for example,
be seen in Fig, 4.

The third step comprises the conversion of the
light intensity pattern, as measured, into a den-
sity pattern for the expected print. This is done
by manipulating simultanecusly or alternately
knob 19 and knob 262, thereby changing the
exposure time and/or the grade of paper on which
the print will be made. After a satisfactory pat-
tern has been estsblished, the exposure time will
be indicated by mark {83 on scale 182, and the
paper grade will be indicated in window 204, A
print can then be made accordingly.

Generally speaking, negatives of moderate den-
sity and moderate contrast usually permit estab-
lishing a satisfactory density pattern by merely
making the point of brightest illumination corre-
spond to the first almost black step of the step-
wedge print and by making the point of weakest
lumination correspond to the first almost white
print of the stepwedge prinf. For example, the
peint of brightest illumination in Fig. 4 is point
210 as indicated by one of the tabs which happens
to be orposite point {88 at this instance. It is
possible to trace from point 240 line 211 to step
212 of the stepwedge print. This point should be
just about black encugh to give in the finished
print the illusion of complete blackness, but it
should not be quite as black as, for example, point
243 at the extreme right end of the stepwedge
print, because then, small differences in density
or texture will no longer be reproduced. In the
same manner, tab {88 is related by line 214 to step
215, This step again should be white enough to
give the illusion of complete whiteness in the fin-
ished print, but it should not be quite as white as
the point 218 on the extreme left end of the step-
wedge print, because there again, small differ-
ences in density can no longer be reproduced.

How far the operator will approach complete
blackness and complete whiteness with these near
black and near white steps depends to a large
extent upon his individual judgment and desire,
but generally speaking, if the brightest and dark-
est point of the negative are quite small, it is pos-
sible to give them fairly extreme black and white
values, respectively, hecause then, texture is no
longer an important consideration. If, however,
the picture contains large dark or large white vor-
tions, it is desirable to make them light gray or
dark gray rather than completely white or black,
respectively, because in this manner a much more
satisfactory rendition of details and of texfure
can be secured.

It will be found that a number of photographic
hegatives will not yield satisfactory prints in this

imple manner. This is due to the well known
fact that the contrast range of a photographic
negative may be as high as 1:500, whereas the
contrast range reproduceable by bromide paper
will usually not exceed 1:50. If the brightest and
darkest point measured by the device is relatively
small, they can very often be disregarded and can
e, respectively, over or underexposed, without
jeopardizing the appearance of the finished print
tco much. In other words, the white step cor-
respeonding to the darkest point on the easel may
then be considerably to the left of field 215, and
the darkest step corresponding to the brightest
point on the easel may be considerably to the
right of field 212.

Again, if the darkest and brightest portions of
the picture cover a fairly extensive area, respec-
tive over or underexposure would produce a very
unhpleasant and unsatisiactory print, and expe-
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rienced photographers usually remedy this situ-
ation by either holding back certain portions of
the print or by giving certain other portions of
thie print an additional exposure. This is usually
done by means of a mask made from a black piece
of paper with a suitable Lole which is manually
: during the exposure in order to prevent
sharp angd recognizable borderiines. With an in-
strument built according to this invention, the
cperater can predict how much additional ex-
posure he may have to give to certain points, or
how long cerfain points may have to be held back.
For example, I have shown in dotted lines an
additional tab 22¢ which indicates that the cor-
respoending point of the print would be entirely
underexposed, If we assume that notwithstand-
ing the excess confrast of the negative, the oper-
ator wants to have this portion of the print ren-
dered with approximately the same density as
that corresponding to tab {26 and step 215, the
additional exposure could be measured by the
angular distance between tabs 226 and 168, How
much this means in seconds can be determined by
rotating knob 184, and therewith disc 180, until
tab 229 has been shifted te the position formerly
cecupied by tab 188, and noting the difference
in positions of mark 1§3. The difference of the
two expesure times obtained in this manner is
the additional exzosure time which must be given
to the point represented by tab 228. In the same
manner, a peint which is too bright on the easel
and thereby would be rendered entirely black can
2 held back urtil its density is reduced to that
of, for exampie, step 212 and the “holding back”
time can be established in a similar manner,

It will be understoocd that many of the features
of this device described ars merely preferred em-
bodiments and that many of the design features
can be freely changed without departing from
the spirit of this invention. This has been point-
ed out in detail in the specifications, particularly
referring to the photoslectric cell and its electri-
cal circuit, but alsc to the slide rule mechanism
and the stepwedge unit. In the appended claims,
light intensities are undersicod to mean foot-
candles or corresponding unifs in the metric or
any other system. Light intensity-seccnds are
ungderstood to mean foot-candle-seconds or
eaquivalent units expressed in the metric or any
other system.

What I claim as new, is:

1. An exposure time and paper selector for
photographic enlargers of the type which pro-
jects an enlarged image of a photographic nega-
tive on an easel, comprising a2 photocell housing,
a main housing, and a connecting cable, said
photocell housing containing a photoelectric cell,
and adapted to be placed on sclecied points of
said easel, said main houging containing electric
circuit elements operatively connected through
said connecting cable to said phoiceleciric celi,
including o movabls elament adanted to be
moved in accordance to the magnitude of the
current passing said cell, and indicating by its
position light intensity values, s slide irule like
computing device Including two input and one
output members, mevable reiative to each other,
the first input member representing time values
and adapted to be adjusted by the operator, the
second input member representing light intensity
values and operatively connected to sald afors-
mentioned movable element, and the output
member representing the product of the iwo in-
put values on a first scale calibrated in light
intensity X time values, a stepwedge unit com-
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prlsmg a.movable carrier supporting a plurality
of stepwedge prints of various grades of paper,
a second scale calibrated in light intensity X time
values, and means to bring the stepwedga pring
of a selected grade of paper into adjacent reia-
tionship to said second scale by moving said y
rier, whereby each peint of said scale indicaies
the light X time values received by adjacent por-
tions of said priut, and means coordinating corre-
sponding points representing iike ligit infensity 16
X time values on both light intensity X fime
scales, -whereby the output element of said com-
puting device indicates on a point of said fivst
light intensity X time scale the light intensity X
time value of an exposure that said seiecied point 15
on -the easel wiil receive, and whereby the por-
tion of the stepwedge print adjacent to the corre-
sponding poing of said second light intensity X
time scale shows the density of a selecied grade

of paper that has received an exposure of tlie g9
samelight intensity X time value.

2. An exposure tilne and paper selector ac-
cording- to claim 1, said slectric circuit elements
forming two part circuits, the first part circuit
having an output voltage controlied by said 28
photoelectric cell, the second part circuit having
an.output voltage controlled by a manually con-
trolied rheostat, said circuits also including means
to. make said output voltages oppose each other,
and means to indicate when the difierence be- 30
ween said two output voitages, as 2 conseguence
of adjustment of said rheostat by the operator,
assumes g predetermined value.

3. An exposure time and paper selector accord-
ing to cizim 1, said electric circuit elements form- 35
ing two part circuits, the first part circuit hiaving
an. outpub voltage controlled by said photoelec-
tric cell, the second part circuit having an outpus
voltage con "rolle'i by a manually coniroiled
legarithmically atienuated rheosiat, said cirvcuits 40
aleo including means $o make said output volt-
ages oppose each other, and means to indicate
when the difference between said two output
es, a8 & consequence of adjustment of said
ostat hy the operator, assumes a predeter-

mrined value, .

4. An exposure time and paper selector accord-
ing to claim -1, saild electric circuit elements
forming two part circuits, the first part circuit 50
having an output voltage contvolled by said

" photoelectric cell, the second part circuit having
an cutput voltage controlied by a manually con-
trolled rheostat, said rheostat comprising a cyii

rical resistor and a rotatable contact in current 55
conducting relationship therewith, said contact

adapted to perform  several revolutions, and

means operatively connected to said rotatable
contact to change the light admittance of said
photoelectric-cell after each revolution of said 60
contact, said- circuits also including means to
make said outbut voltages oppose each obther, and
means to indicate when the. difference between
said two oubtput voltages, as a consequence of
adjustment of said rheostat by the operator, as- 65
sumes a predetermined value.

5. An exposure time and paper selector ac-
cording to claim 1, said first input member of
said computing device supported by and movable
relative to said main housing and operativeiy 76
connected to a mark element and to a scale sle-
ment calibrated- in logarithmically spaced time
values, one of the last mentioned elements car-
ried by sald first input member and the other
one statienarily affixed to said main housing, said 75

&

46

<

16

second .input member of said computing device
supported by and movable relative to said first in~
put member, and carrying a mark in operative re-
Y \v1+h a scale calibrated in logarithmi-
scaced light intensity values, said scale car-
ried by said first input member, the output mem-
ber of said computbing device being stationarily
afiixed to said main housing and comprising a
scale calibrated in logarithmically spaced light
mtensxty X time values, adjacent to said light
i --mty' scale carried by said second input mem-

6. An exposure time and paper-selector accord-
ing to claim 1, said main housing having a front
wall with s circular aperture, a first stationary
scale calibrated in logarithmically spaced time
values occupying part cf the circumference of
seid aperture, and a second stationary scale cali-
;rated in logarithmically spaced light intensity X
time values occupying ancther part of said cir-
cumference, said electrical circuit elements form-
ing two part circuits, the first part circuit having
an output voltage conirolled by said photoelec-
tri¢ celi, the second part circuit having an output
voltage controlled by a manually controlled rheo-
stat comprising a support, a resistor and a slid-
ing contact, one of the two last named parts be-
ing stationary relative to said support and the
other being movable, said circuits also including
means to make said output voliages opbose each
other, and means to indicate when the difference
between said two cutput voltages, as a conse-
quence cf adjustment of said rheostat by the op-
erator. assumes a predetermined value, said first
input member of said computing device being a
circular disc rotatably supported by and fitting
into said aperture in the front wall of said main
housing, said disc carrying on its circumference
a scale calibrated in logarithmically spaced light
intensity values, and a mark indicating time
values on said aforementioned first stationary
time scale, said disc also carrying the support of
the said rheostat, said second input member be-
ing formed by the movable part of said rheostat,
said movable part including a pointer indicating
light intensity values on said intensity scale car-
ried by said dise, said output member being
formed by said aforementioned second station-
ary light intensity X time scale, said last named

scale being adjacent to said light intensity scale
carried by said disc.

7. An exposure time and paper selector accord-
ing to claim 1, said main housing having a front
wall with a circular aperture, a first stationary
scale calibrated in logarithmically spaced time
values occupying part of the circumference of
said aperture, and a second stationary scale cali-
brated in logarithmically spaced light intencity X
time values occupying another part of said cir-
cumference, said electrical circuit elements form-
ing two part circuits, the first part circuit having
an output voltage conirelled by said photoelec-
tric cell, the second part circuit having an output
voltage controlled by a manually controlled rheo-
stat, said rheostat comprising a cylindrical sta-
tionary resistor and a rotatable contact in eur-
rent -conducting relationship therewith, said con-
tact adapted to perform several revolutions, said
circuits also including means operatively con-
nected to said rotatable contact to change the
light admittance of said photoelectric cell after
each. revolution of said contact, means to.make
said output voltages oppose each other, and means
to indicate when the difference between said two
output voltages, as a consequence of said rhep-
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stat being adjusted by the operator, assumes a
predetermined value, said first input member of
said computing device being g circular disc sup-
ported rotatably by and fitting into said aperture
in the front wall of said main housing, said disc
carrying on its circumference & scale calibrated
in logarithmically spaced light intensity values,
and a mark indicating time values on said afore-
mentioned first stationary time scale, said disc
also supporting the aforementioned stationary
resistor, a rotatable element, including a pointer,
forming said second input element, said rotatable
element geared to the aforementioned rotatable
rheostat contact and adapted to perform less than
one full revolution, said pointer indicating light
intensity values on said light intensity scale car-
ried by said disc, said means to change the light
admittance of said photoelectric cell operatively
associated with said rotatable element, whereby
the light admittance of said cell is automatically
changed after each revolution of said rheostat
contact, and said output member of said com-
puting device being formed by said aforemen-
tioned second stationary light intensity X time
scale, said last named scale being adjacent to said
light intensity scale carried by said dise.

8. An exposure time and paper selector accord-
ing to claim 1, said main housing having a front
panel with an elongated slot therein, and said
movable carrier of said stepwedge prints being
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a rotatable cylinder, positioned within said main
housing and behind said slot, the stepwedge prints
being mounted on the surface of said cylinder,
whereby selectively one of the stepwedge prints
carried by said cylinder may be viewed through
said slot, and means operatively connected with
said cylinder indicating the grade of paper repre-
sented by said stepwedge print.

9. An exposure time and paper selector accord-
ing to claim 1, said means coordinating corre-
sponding points of the first scale calibrated in
light intensity X time values associated with the
output member of said computing device and of
the second scale calibrated in light intensity X
time values adjacent to one of said stepwedge
prints comprising a system of lines connecting
like values on both scales.

ATLFRED SIMMON.
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