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EXPOSURE OVERRIDE CONTROL 

BACKGROUND OF THE INVENTION 

2 

DESCRIPTION OF THE PREFERRED 
' EMBODIMENT 

My invention is designed to be used with photo pro 
This invention is concerned with circuitry for partic- 5 cess timers or light integrators which are convention 

ularly controlling the main, highlight and ?ash expo 
sure times of the lamps which are conventionally used 
in continuous tone and halftone photographic proc 
esses. It has become increasingly important in the pho 
tographic arts to be able to produce high quality work 
at a high rate or production. To meet this need the in 
dustry has been moving to electronic circuitry to pro 
vide the speed necessary for high production. Various 
timing circuits are being used to energize and deener 
gize the various lamps used in continuous tone and 
halftone photographic processes. Practitioners in the 
art using standard equipment consider both the expo 
sure time (variable in time units of seconds) and rela 
tive illumination (variable in logarithmic units of den 
sity) when attempting to produce high quality work. In 
circuits currently being utilized calibration set points 
are established and these set points are maintained dur 
ing processing of various reproductions until quality of 
processing is affected by the chemical activity level, the 
emulsion speed of the ?lm ora temperature shift of the 
chemistry. Thereafter, to continue to achieve high 
quality work an instrument and all prior retained set 
points must either be recalibrated for the chemistry 
change or new chemicals must be utilized and an initial 
calibration reperformed. - 

SUMMARY OF THE INVENTION 

The present invention eliminates the requirement of 
recalibrating photographic process timing circuits due 
to chemistry drift, variations in emulsion speeds, or the 
like. This is accomplished by the creation of means for 
varying logarithmically the set point of each timing 
cycle exposure time with one setting on the instrument. 
This setting relates directly to and compensates for the 
density shift due to a variation of chemical activity 
level, emulsion speed of the ?lm or temperature shift 
of the density. 7 
Since compensation for the variation in operating 

conditions is accomplished in this manner all time unit 
or exposure settings and illumination or density settings 
as measured or as retained in records or or memory 
banks can be utilized as they have in the past without 
recalibration. 

Electronically this is accomplished in the preferred 
embodiment by providing a logarithmically variable re 
sistance network which varies the voltage set point in 
dicating the end of a timing cycle. The actual voltage 
utilized across the resistance network is equivalent to 
the voltage which initially determines the linearly vari 
able exposure time. Individual resistance values are de 
rived from voltage ratios necessary to produce a loga 
rithmic change in all timing cycles and, thus, any varia 
tion of the control increases or decreases the exposure 
time in density or logarithmical steps in an amount 
equivalent to the density shift which occurs when the 
level of chemistry activity deteriorates. 

DESCRIPTION OF THE DRAWING 

The FIGURE is a schematic diagram showing my in 
vention connected to the essential elements of an ex 
emplary timing circuit for continuous tone and halftone 
photographic processes. ' 
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ally used in continuous tone or halftone photographic 
processes. The basic elements of such a device are 
shown in the FIGURE. 
The improvement which is my invention is also 

shown in the FIGURE comprising a logarithmically 
variable network designated generally by the numeral 
12. It is utilized, as indicated above, to compensate for 
variations of chemical activity level, emulsion speed of 
the ?lm and temperature shifts of the chemistry. 
The circuit shown in the FIGURE can be utilized in 

exposing line copy, continuous tone and halftone expo 
sures and in exposing masking ?lms and color separa 
tion ?lms. For exemplary purposes only, reference will 
be to halftone exposures. It is to be understood, how 
ever, that the control circuit 12 is effective for every 
process utilized. 
Upon initial calibration of the overall intrument no 

compensation is necessary and the override control 
would be set at zero compensation. Normal operation 
of the photo process timer for halftone reproductions 
would be as follows. 
Three basic exposure techniques are utilized in ex 

posing photographic ?lm to accomplish high quality 
halftone reproductions. These basic exposure tech‘ 
niques are conventionally designated main exposure 
which exposes the ?lm from the illuminated copy with 
a halftone screen in position over the ?lm, highlight ex 
posure which is an exposure of the ?lm from the illumi 
nated copy with no halftone screen over the ?lm and 
?ash exposure which is an overall exposure of the film 
with ?ash lamps with a halftone screen in position over 
the ?lm. 
The timing device shown is designed so that for a 

standard density reading the circuit can be calibrated 
for the particular operating characteristics to be uti 
lized such as chemical condition, ?lm type, film speed, 
halftone screen, and the like. This is accomplished with 
time unit resistors designated l4, l5 and 16 in the FIG 
URE, and associated indicia where, for example, one 
hundred time units would represent ten seconds. Provi 
sion is made in the device with the use of switches 17, 
18 and 19 to calibrate the apparatus for varying operat 
ing conditions on time unit resistor banks maintained 
externally from the device. These external resistor 
banks can be referred to as memory banks and would 
be calibrated for different ?lm speeds or halftone 
screens or the like and thereafter when operating con 
ditions change all that is necessary is to plug in the re 
tained settings on the external time unit memory bands 
in external jacks 20, 21, 22, 23, 24, 25. 

All settings will thereafter give a consistent reproduc 
tion of highlight density and shadow density when using 
the same ?lm type, ?lm speed, chemistry and halftone 
screen. 

Density variations of a particular piece of work to be 
copied are set into the apparatus to achieve precise 
control of the shadow and highlight densities of the ?n 
ished copy. Electronically the above design is accom 
plished as follows. 
Time unit resistances 14, 15 and 16 are provided for 

each illumination cycle, i.e., main, highlight and ?ash. 
As shown in the FIGURE, the time unit resistances are 
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linearly variable resistors on the order of 100 kilohm. 
These resistors 14, 15 or 16 are selectively connected 
in parallel with a variable timing capacitor 28 or 29 and 
therefore, since voltage is directly proportional to resis 
tance, any linear variation in the time unit resistors 14, 
15 or 16 linearly varies the voltage impressed across 
and stored in the capacitor 28 or 29. 
As is known in the art, density variations being re 

lated to relative illumination, are logarithmic. There 
fore a 0.3 increase in density (antilog equal 1.995) will 
require double the time duration of illumination. This 
is accomplished for main and highlight illumination by 
the variable impedances designated 28 and 32 in the 
FIGURE wherein the variable resistor 32 is in series 
with a ?eld effect transistor 34. This arrangement pro 
vides a logarithmically variable constant current source 
which will produce a current through and thus a volt 
age across the selected time unit resistor 14 or 15 
which is variable from between zero and 0.3 density in 
0.01 density steps. Since ultimately the time duration 
of discharge from the variable timing capacitor 28 will 
determine the timing cycle and since the RC time con 
stant for discharge of a capacitor is directly related to 
the capacitor size, provision is also made to double ca 
pacitor 28 size every 0.3 density. 

In this manner density variations may be achieved be 
tween zero and 2.0 density with the embodiment shown 
in the FIGURE. 
As is known in the art, when ?ash lighting is utilized 

it produces different characteristic results during pro 
cessing the main or highlight lamp exposure tech 
niques. Therefore design values for density variation 
for the ?ash parameters are obtained from a different 
formulation and these values are incorporated into the 
circuit as variable resistor 36 and variable timing ca 
pacitor 29. A relay (not shown) is provided controlling 
interconnected switches 41, 42, 43, 46 and 47 to insert 
the ?ash time unit resistor 16, ?ash density impedances 
29 and 36, ?ash lamp 51 and ?ash lamp phototube 52 
into the timing circuit when the ?ash exposure is to be 
performed. 
A more complete explanation of the design of the 

timing circuit described above can be found in my is 
sued U.S. Pat. No. 3,672,767. » r ‘ 

Electronically, calibration and operation of the tim 
ing circuit is as follows. With a standard density value, 
such as L00, set on the density dials, time unit values 
linearly variable in seconds of exposure are set on the 
time unit resistor banks 14, 15 and 16 shown in the 
FIGURE. Thereafter these settings will give a consis 
lent reproduction of the highlight and shadow density 
when using the same ?lm type, ?lm speed, chemistry 
and halftone screen. Shadow and highlight density vari 
ations of a particular piece of work to be copied are set 
on the apparatus by variation in the density controls 
comprising the variable density resistors 32 and 36 and 
variable timing capacitors 28 and 29. As indicated 
above, the variable resistor 32 and the variable capaci 
tor 28 compensate for density variations in the main 
and highlight exposures and variable resistor 36 and 
variable timing capacitor 29 compensate for variations 
in ?ash exposure times. 
For a main exposure all switches are set to employ 

time unit resistor bank 14, variabledensity resistor 32 
and variable timing capacitor 28 in operation. Variable 
timing capacitor 28 is charged to the proper potential 
from a negative source of voltage through constant cur 
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rent source 31, comprising variable resistor 32 and the 
?eld effect transistor 34, conductor 54, relay contact 
56 in its normally closed position, conductor 58, 
contact 43, varaible timing capacitor 28 to ground. The 
voltage to which the capacitor is charged depends upon 
the constant current from the constant current source 
31 which is controlled by variable resistor 32 as well as 
the linearly variable resistance value of time unit resis 
tor 14 which is connected across the capacitor 28 
through conductor 61, conductor 62, relay contact 41, 
switch 64, switch 17, variable resistor 14 to ground. 

After the capacitor 28 has been charged to the 
proper value the timing cycle is initiated by depressing 
the start button 66 which'energizes a relay 67 from a 
positive source of voltage through start button 66, re 
sistor 68, relay 67 to ground. When relay 67 is ener 
gized, it is held by relay contact 69, and normally 
closed relay contact 56 opens to disconnect the charg 
ing circuit while normally open relay contact 70 closes 
to energize the lamps 72. When the lamp 72 is ener 
gized the phototube 73 conducts and the negative 
charge of the capacitor 28 is discharged from the ca 
pacitor 28 through contact 43, conductor 58, conduc 
tor 75, conductor 77, contact 46, phototube 73, to the 
positive source of voltage as indicated. 
Monitoring the discharge of the capacitor 28 through 

phototube 73 is a differential ampli?er and comparator 
79 connected from point 81 through conductor 75 to 
the input of the differential ampli?er and comparator 
79. The discharge is monitored by the differential am 
pli?er and comparator 79 to determine when the ca 

. pacitor 28 has discharged to a predetermined value. 
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When that potential has been reached the output of the 
differential ampli?er and comparator 79 increases to a 
relatively large positive output within microseconds. 
This output is applied to the gate of a silicon controlled 
recti?er 84 through conductor 85, which, when it con; 
ducts, shorts the coil of relay 67 which controls the 
lamps 72 circuit. When the relay 67 is released its 
contact 70 accomplishes deenergization of the lamps 
72 being utilized and thus ends the timing cycle for that 
exposure. Relay contact 56 returns to its normally 
closed position as well and the circuit may be utilized 
for the next timing cycle. As noted above a more com 
plete discussion of the circuitry may be obtained from 
my issued US. Pat. No. 3,672,767. 

Highlight exposure may be accomplished in the same 
manner by initially switching manual switch 64 to in 
corporate the highlight time unit resistor 15. Thereafter 
initiation of the timing cycle will produce a highlight 
exposure of a time duration dependent upon the value 
set on the highlight time unit resistor 15 and the density 
of the copy as set on the density controls 28, 32. 
As indicated earlier when ?ash lightling is utilized it 

produces a different characteristic result during pro 
cessing than the balance of the lighting techniques. 
Therefore additional circuitry is provided being essen 
tially interconnected relay contacts 41, 42, 43, 46 and 
47, variable ?ash density resistor 36, variable ?ash den 
sity timing capacitor 29, ?ash lamps 51 and ?ash lamp 
phototube 52 which allow presetting the desired values 
for ?ash purposes. Again a more complete discussion 
of the design and operation fo the ?ash circuitry may 
be obtained from my issued U.S..Pat. No. 3,672,767. 

After calibration and set up of the apparatus it is not 
necessary to vary the time unit values which determine 
the exposure time as long as chemistry, ?lm type, and 
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the like remain constant. Successive reproductions of 
the same high quality can be produced by utilizing the 
same settings. In the past the arrangement could be uti 
lized until the level of the chemical activity deterio 
rated. When this happened a density shift in the copy 
was noted and the apparatus would have to have been 
recalibrated either to the deteriorated chemistry condi 
tion or new chemicals added and the initial calibration 
reperformed. If the same chemistry was to be used, 
since effect of exposure varies logarithmically with the 
linear variation of illumination, it was necessary to vary 
each of the illumination times in the same linear per 
centage calculated on the basis of the original setting 
or to calculate density settings dependent on the actual 
density readings of the work to be reproduced and the 
density shift of the ?nished copy due to the changed 
operating conditions. Because of the difficulty of these 
calculations and possibility of error, the normal proce 
dure was to recalibrate the apparatus. 
The present invention provides an extremely simple 

and accurate method of compensating for the density 
shift without varying the calibration of the timing cir 
cuit or recalibrating all prior settings maintained on the 
memory banks of the time unit values. 
This is accomplished with means for logarithmically 

varying the illumination time duration for each timing 
cycle in the same percentage deisgnated 12 in the FIG 
URE. By utilizing these means, all set points previously 
established for system control can be maintained con 
stant. 

As the preferred embodiment, this is accomplished 
with the resistance network 12. It should be under 
stood, however, that with the design formulation dis 
cussed below an impedance network for control of al 
ternating current timing circuits may be derived or 
more accurate and sophisticated resistance circuits can 
be constructed such as a parallel-series arrangement of 
equal value resistors to produce the same result. Resis 
tance values have been derived based on the antiloga 
rithm of voltage ratios yielding density variations which 
decrease or increase the time duration of illumination 
controlled by the time unit resistors 14, 15, 16 or exter 
nal memory banks plugged into external jacks 20-25, 
if utilized. 
The magnitude of the overall resistance for the con 

trol should preferably be selected within the accuracy 
limitation of the time unit resistances 14, 15 and 16. 
For example, in the embodiment shown resistance val 
ues on the order of 100 kilohm resistance are utilized 
for the time unit resistors l4, 15, 16. Thus an overall 
resistance value of three or ?ve megohm for the control 
resistance 12 would draw an error current of 0.33 per 
cent or 0.2 percent, respectively. Either of these are 
well within the design accuracy of the unit. 
Design values for the individual control resistances 

102-122 to yield a proportional logarithmic variation 
in illumination times are obtained as follows. 
When operating under normal conditions, with no 

compensation from an override circuit, the selected 
variable timing capacitor 28 or 29 would be charged to 
the voltage across the selected time unit resistance 
bank 14, 15 or 16 (hereinafter referred to as E0). When 
discharging, this voltage is monitored by the differen 
tial ampli?er and comparator 79. The override circuit 
.12 is designed to vary the effective voltage across the 
input to the differential ampli?er and comparator 79 
(hereinafter referred to as E6”) by an amount equiva 
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6 
lent to the density shift noted on the ?nished copy. The 
value of the density shift is dialed into the conttol 
switch 99. As is shown in the FIGURE indicia of be 
tween +0.1 density shift to —0.1 density shift in 0.01 
density steps are utilized on the control. Therefore, the 
ratio of the voltage across the time unit resistors (E0) 
to the effective voltage (Em) must be varied logarith 
mically in 0.01 density steps. Ratios are accordingly ob 
tained by deriving antilogarithms of the 0.01 units from 
0.0 to 0.2. Since this ratio will hold true for any value 
of one of the voltages, for convenience in calculation 
a value of one volt can be assumed for the maximum 
voltage (E0). From the ratios of E, /E,,,;, values can then 
be derived for E8”, those values being the reciprocal of 
EC?/EO. Then, since Be” is de?ned as the difference be 
tween EO and the control voltage (hereinafter referred 
to as EC) EC becomes l-Em. 
The two important parameters of the control circuit 

12 are the ratio of total voltage (E0) to control voltage 
(EC) and the ratio of the total resistance (R,) to control 
the resistance to ground (RC). Therefore, since the load 
of the voltage divider is an open circuit the relationship 
between these ratios is E0/Ec = R,/R,,. Therefore values 
of RC can be obtained from the formula RC = R,(Ec/E0), 
where R, is the overall resistance value of the control 
circuit 12 obtained earlier of 3 to 5 megohms. 

In this manner values of overall R, to ground may be 
derived for each override control density step from 0.0 
to 0.2. Individual values for resistors 102-122 in the 
control circuit 12 can be obtained by noting the differ 
ence between each successive Re. 
To gain the ability to vary the control in both the pos 

itive and negative direction the 0.1 value is designated 
as 0.0 on the control indicia. The timing circuit is then 
calibrated so that at that setting the proper time dura 
tion of illumination as indicated by the time unit resis 
tors and their associated indicia will take place. There 
after any variation in the override control will increase 
or decrease illumination and thus copy density in the 
following manner. 
Actual operation of the timing circuit with the over 

ride control is as follows. After relay contact 56 has 
been opened disconnecting the charging circuit and ini 
tiating discharge of the variable timing capacitor 28 or 
29, constant current source 31 remains energized from 
the negative source of voltage through resistor 32, 
contact 42, ?eld effect transistor 34, conductor 61, 
conductor 62, contact 41, switch 64 or conductor 65, 
switch 17, 18 or 19 and the selected time unit resistor 
14 or 15 for main or highlight illumination, 16 for ?ash 
illumination, to ground. Current also ?ows through the 
override control circuit from the ?eld effect transistor 
34 through conductor 61, conductor 88, resistors 
102-122 to ground. The set point of the time duration 
of the illumination is determined by that voltage which 
exists across the time unit resistor 14 upon initial cali 
bration. This voltage is also impressed across the over 
ride control resistors 102-122 from point 96 through 
control resistors 102-122 to ground. The logarithmic 
proportion of this voltage EC corresponding to 0.01 
density variations, taken from switch contact 101 is 
connected by conductor 124 to the input of the differ 
ential ampli?er and comparator 79 and is utilized to in 
crease or decrease the set point of the differential am 
pli?er and comparator'79 so that the effective voltage 
Ed, across the input of the differential ampli?er and 
comparator 79 is equivalent to the original calibration 
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voltage E0 increased or decreased by density shift volt 
age EC as dialed into the override exposure control 12 
through switch 99. 
As is obvious from the FIGURE no matter which 

time unit resistance 14, 15 or 16 or an external time 
unit resistance memory bank plugged into external 
jacks 20-25, is in the circuit, since the override control 
12 is selectively, by manual switches 64, 17, 18 and 19 
and by relay contact 41, in parallel with each, the con 
trol voltage Ec will be thefresult of a proportionate 
amount of the voltage E0 across the particular time unit 
resistance 14, 15 or 16 or external time unit memory 
banks plugged into one of external jacks 20-25, which 
is currently in the circuit. 

In this manner compensation for chemistry deterio 
ration, drift, emulsion speed, or the like has been ac 
complished, not only for the time unit resistance values 
which are initial to the timing circuit but also for time 
unit values which are external to the apparatus which 
serve as memory banks and which are calibrated for 
other ?lm speeds or ?lm types. 
While I have generally described my invention, it 

should be obvious and should be understood that it is 
for purposes of illustration only and that various modi 
fications can be made within the scope of my invention. 
It should also be obvious that with minor modi?cations 
my invention can be applied to other forms of timing 
circuits and still be within the scope of the following 
claims. 

I claim as my invention: 
1. In a photographic process timer having initially 

calibrated means for controlling the illumination time 
of exposure lamps utilized in photographic processes, 
said means being calibrated according to the operating 
conditions at the time of calibration the improvement 
comprising 
an exposure override control apparatus electrically 
connected thereto which modi?es the duration of 
the timing cycles for the lamps in the same percent 
age to compensate for a change in operating condi 
tions whereby the initial calibration of the means 
for controlling the illumination time of the expo 
sure lamp can be maintained constant even though 
at least one of the initial operating conditions have 
changed. 

2. The improvement of claim 1 wherein said expo 
sure override control apparatus comprises means for 
logarithmically varying the illumination time duration 
for each timing cycle in the same percentage. 
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8 
3. The improvement of claim 2 where said means 

comprises a resistance network logarithmically variable 
whereby density measurements of ?nished copy can be 
set on said impedance network. 

4. The improvement of claim 3 wherein said expo 
sure override control apparatus is calibrated in units of 
density. 

5. The improvement of claim 3 wherein said resis 
tance network comprises resistors connected in series. 

6. The improvement of claim 5 wherein the value of 
each resistor is determined according to the formula RC 
= R, (EC/E0) wherein R, is the control resistance to 
ground, R, is the total resistance of the serially con 
nected resistance network, E0 is the total voltage across 
the resistance network and Ec is the control voltage cal 
culated from the antilogarithm of the ratio of the total 
voltage across the impedance network ratioed to the 
effective voltage to be obtained, the effective voltage 
being the difference between the total voltage and the 
control voltage. 

7. In a photographic process timer having a plurality 
of time unit resistances and at least one comparison 
means, the time unit resistances being linearly variable 
and utilized to determine the duration of energization 
of exposure lamps used in photographic processes and 
the comparison means being utilized to determine 
when the time duration controlled by the time unit re 
sistances has been achieved, the improvement compris 
mg 
a logarithmically variable exposure override control 
apparatus connected to saidtcomparison means to 
vary the time duration controlled by the time unit 
resistances according to the setting of the exposure 
override control apparatus. 

8. The improvement of claim 7 wherein said expo 
sure override control apparatus comprises means for 
logarithmically varying the illumination time duration 
for each timing cycle in the same percentage. 

9. The improvement of claim 8 wherein said means 
comprises a resistance network logarithmically vari 
able. 

10. The improvement of claim 7 wherein said over 
ride control apparatus is selectively connected in paral 
lel with the time unit resistances. 

11. The improvement of claim 9 wherein said resis 
tance network comprises resistors, serially connected. 

* * * * * 


