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This invention relates in general to electronic 
timing circuits and more particularly to circuits 
providing variable time delays and useful in con 
nection with photographic operations and the 
like. 
Timers or time delay devices are used, as is 

well known, for obtaining proper exposures in the 
preparation of photographic prints and enlarge 
ments, and for reproducing these exposures as 
often as required. Heretofore, such timers have 
operated almost always on mechanical principles, 
using chronometric escapement mechanisms and 
small synchronous motors when long delays have 
been required. Time delay relays operating on 
electrical principles are available where compara 
tively short, non-adjustable delays are needed. 
All mechanical delay Systems are Seriously lin 
ited by cost of manufacture and lack of simple, 
uniform adjustment. 
There have been proposed a number of elec 

tronic circuits for obtaining time delays for ap 
plication as hereinabove described. Such cir 
cuits generally obtained a time delay in a charge 
able resistance-capacitance, or RC network, and 
for this reason have never been successful. Thus 
to obtain a long time delay, the RC time constant 
is correspondingly large. Large capacitors are 
bulky and expensive since low loss is a require 
ment. Large resistors, of the order of several 
hundred megohms, are unstable. Moreover, it is 
costly and impractical to construct very large 
variable capacitors and very large variable re 
sistors. Some systems utilize a series of fixed re 
sistors and a selector switch, but this provides a 
delay variable only in fixed steps. 
The present invention contemplates and has 

as a primary object the provision of a novel 
electronic means for obtaining a continuously ad 
justable time delay, covering a desirable tinning 
range from seconds to many minutes. 

in the resistance-capacitance timer systems, 
the circuit resistance functioned to limit an elec 
tricai capacitor charging current to a small 
value. 
Another object of the present invention is thus 

to provide means for slowly and accurately 
charging a capacitor by a current which glows, i. 
short, periodic pulses at a predetermixed free 
gue cy. 
As will herein be disclosed in greate diets: 

2. conventional 60 cycie alternatig currels, 
power line may oe used as a source raia willic: 
the charging pulses may be derives. A used: 
carrent has an average value wici is dependea, 

scia frequency, anpituide and gotise citratics. 
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A further object of the present invention is to 
provide a simplified electrical network, involv 
ing the use solely of inexpensive, stable, com 
ponents, for varying the pulse duration so as to 
Correspondingly vary the average current. The 
latter variation is smooth and may extend over a 
Wide range, and a particular value is readily re 
producible. 
The instantaneous charging current in a re 

sistance-capacitance network is a function of the 
applied potential, and for this reason accuracy 
can only be obtained when a stabilized power 
Source is used. In the present invention accurate 
timing is obtained when used on an unregulated 
Exer line, independent of line voltage fluctua 
1O.S. 
These and other objects of the present inver. 

tion will now become apparent from the foll 
lowing detailed specification taken in connection 
with the accompanying drawings, in which: 

Figure 1 is a schematic diagram of a frequency 
dividing and pulse counting circuit illustrated to 
Estate an understanding of the present inven 
On; 
Figure 2 is a graphical illustration of the vol. 

tage waveform obtained in the operation of the 
circuit of Figure 1; 

Figure 3 is a complete schematic diagram of 
the novel electronic timer utilizing the circuit 
principles shown in Figure 1; 
Figure 4 is a schematic diagram of a possible 

modification and simplification of the circuit 
shown in Figure 3; and 

Figure 5 is a further modification of the circuit 
illustrated in Figure 3. 
A basic electrical circuit for obtaining a po 

tential which rises at a slow, predetermined rate 
is illustrated in Figure 1 and reference is now 
made thereto. The circuit comprises essentially 
a pair of Oppositely phased diodes or other suit. 
able rectifiers and f2, and a pair of timing 
capacitors C1 and C2. Capacitor C2 is connected 
in the cathode circuit of diode 2. Tha output 
potential of the circuit appears at terminals is 
and , across capacitor C2. The system is ener 
gized by an alternating current source 5 of 
Stable frequency at input terminals 3 and 8. 

ASSuline that capacitor C2 is initially discharges: 
So that the output potential is zero. From the 
connection of the diodes, it is evident, that of: 
the first negative half-cycle, that is, when ter 
minal 6 is driven negative with respect to era. 
minal , diode 2 will be non-conductive or ir 
sulating and diode will be condiuctive. Core 
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duction through diode will charge capacitor C1 
to the peak of the applied input voltage. 
On the positive half-cycle which follows, the 

diode f f is non-conductive while diode 2 con 
ducts. As a result, capacitors C and Ca are 
charged in series from the power source. As is 
well understood, the potential distribution in a 
series capacitor circuit is a function of the rela 
tive capacitance of the two capacitors. It is 
readily shown that at the termination of this 
first complete cycle, the fraction of the peak-to 
peak input voltage appearing across the output 
capacitor C2, would be: 

C 
(l) C -- C 
Thus, capacitor C2 is charged a definite amount 
during the first cycle. 
At the end of the next full cycle of the Source 

5, through the conduction of the diodes in a 
manner as previously described, another incre 
ment of charge is added to the output capacitor 
Ca, raising the potential thereof by another 
definite amount. The amount of the latter in 
crease is a fraction, equal to that of (1) above, 
of the difference between the peak-to-peak in 
put voltage and the voltage already present on 
the capacitor C2. 
The fact that the voltage added in the period 

of one cycle is a function of the existing voltage 
across C2, results in an overall potential rise, 
which is non-linear, and which in the absence 
of other phenomena, increases in periodic steps 
of ever decreasing magnitude, asymptotically to 
ward a value to the peak-to-peak input voltage. 
The voltage rise across capacitor Ca and that 

appearing at output terminals 3 and f4 is 
graphically illustrated in Figure 2. Thus, at a 
time equal to zero, the output voltage is zero. At 
the end of the first input cycle, the voltage is 
stepped to value 21. At the end of the Second 
cycle, the value is 22 and so on as the stepped 
wave approaches the peak-to-peak input. The 
graph of Figure 2 illustrates that the capacitor 
C2 is charged in pulses, and that for a constant 
amplitude input signal, the rate of rise is a func 
tion of the input frequency. 

In the actual application of the circuit of Fig 
ure 1 to practical counting or timing devices, the 
stepwise rise of potential across capacitor C2 is 
utilized to trigger an electrical device when this 
rising potential exceeds a predetermined trigger 
ing potential. Upon triggering the output ca 
pacitor is discharged so that the process may be 
initiated again when required. When used as an 
electronic frequency divider, it has been the prac 
tice to establish a triggering potential, such as 
24, Figure 2, which was between the output volt 
ages for two successive steps and a definite, Small 
number of steps from the zero. In this manner 
triggering would always occur after said definite 
number of steps so that the trigger rate was a 
definite sub-multiple of the input voltage fre 
quency. 

If the circuit input frequency is not constant, 
but of a constant peak-to-peak amplitude, then 
the number of output triggers is a measure of 
the number of input cycles. This fact is made 
use of when this circuit is used for the counting 
of rapidly applied but irregularly spaced input 
pulses, such as encountered in the use of the 
Geiger-Mtiller counter tubes for measuring cer 
tain forms of radiation. 

In all of the above described applications of the 
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4. 
of voltage, as 21 and 22 in Figure 2, be compara 
tively large So that the subsequent circuit could 
be triggered upon the completion of a certain 
Small number of input voltage cycles. As men 
tioned before, the rate of output voltage rise is 
a function of frequency, and is also a function of 
the ratio of the capacitances of C1 and C2. Thus, 
for counting and frequency dividing purposes, the 
capacitance ratio, say: 

C 
(2) C. 
must not be Smaller than 1/25, or the voltage steps 
would be indistinct and unable to repeatedly 
function to perform a specified count. 
Considering the other extreme, however, it is 

evident that if the capacitor ratio (2) is ex 
tremely Small, then the output voltage, Figure 2, 
will comprise a stepped or pulsed voltage wherein 
the individual steps are so small as to provide ef 
fectively a gradually rising output voltage, for a 
fixed alternating input voltage. An exponential 
ly rising potential may be obtained across a ca 
pacitor in a charging resistance-capacitance net 
Work. However, to accomplish a rise of potential 
Over a period of time of the order of minutes, the 
values of resistance and/or capacitance would 
be wholly impractical and the output unstable. 

In Figure 1, the capacitor C1 is made small 
relative to capacitor C2. Furthermore, the ca 
pacitor C1 is variable, whereby for an input volt 
age source 5 of constant frequency and substan 
tially constant amplitude, the output potential 
rate of rise to the peak-to-peak input is a func 
tion of the magnitude of the capacitor C1. Ac 
tually the time required for the output potential 
to rise to a particular value is an inverse function 
of the Size of capacitor C1, so that for a conven 
ient, readily available capacitor combination C1, 
C2, a wide range of charging rates is obtained 
upon the adjustment of C1. Extreme slowness of 
charging may be obtained with a value for C1 
which offers no practical difficulties. 

If the input voltage source 5 is the conven 
tional 60 cycle power line, then the pulses of cur 
rent applied to charge capacitor C2 are at the 
Same frequency. Generally the power line fre 
quency is extremely stable so that it may be used 
as a Standard of time. For an output voltage 
which rises slowly in steps of 1/60th of a second, 
the voltage may for all practical purposes be con 
sidered a continuous variation of the type ob 
tained in an RC network charged by a D. C. 
Source. The rising output voltage is employed 
to trigger subsequent electrical apparatus when 
it exceeds a pre-arranged triggering potential. 
Of course, it is not practically possible to have 
the tripping occur at a precisely numbered step 
with respect to Zero, Since the Steps are small, 
but this is not important since the present appli 
cation of the circuit does not require accuracy 
of that order. Actually, triggering within a range 
of a few steps of a 1/60th second each is sufficient 
from a practical standpoint. 
In Figure 3 there is illustrated an electronic 

timer incorporating the principles hereinabove 
discussed in connection with Figure 1. The 
timing circuit shown has many applications and 
will herein be discussed in connection with the 
problem of timing the exposure of photographic 
prints. It is the purpose of the circuit, when 
Switch arm 3 is thrown to the left, to energize a 
printing lamp 32 for a specific amount of time, 
the latter being adjustable at will in the range 

circuit of Figure 1, it was essential that the steps 75 of seconds or minutes. It will be shown that the 
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timer of Figure 3 embodies the features of the 
circuit of Figure 1. 

Basically the circuit comprises a double diode 
electron tube having rectifier sections 33 and 34, 
and a diode-triode electron tube having a diode 
section 35 and triode section 36. The circuit is 
energized from an alternating current power line 
at terminals 37 when on-off switch 4 is closed. 
The input circuit consists of a transformer 2, 
the primary of which is connected to the line ter 
minals 37. A low voltage secondary winding 43 
is used to energize the tube heaters. The other 
transformer secondary winding 44 is grounded at 
one end thereof, and connected at the other end 
to the cathode of diode 33 and plate of diode 34 
through a variable capacitor 45, the latter corre 
sponding to variable capacitor C1 in Figure 1. 
The diodes 33 and 34 correspond to diodes f and 
2 respectively in Figure 1. 
The cathode of diode 34 and plate of diode 33 

are connected by an output capacitor 46 which is 
the equivalent of capacitor C2 in Figure 1. The 
output potential is applied to triode 36 by con 
necting the control grid thereof to the cathode 
of diode 34. The cathode of triode 36 is ground 
ed. The diode section 35 is used to provide a 
negative D. C. voltage. Thus, the plate of diode 
35 is connected to the grounded end of Secondary 
44 through a resistor 47 and to the other end of 
transformer 44 through a capacitor 5. 
In operation, conduction in diode 35 charges 

capacitor 51 and maintains the plate of the latter 
diode at a negative potential equal to the peak 
secondary voltage. The series combination of re 
sistors 52 and 53 form a voltage divider acroSS 
this negative potential; capacitor 54 shunting re 
sistor 53 forms, in combination with resistor 52, 
a filter for this rectified, negative potential. The 
capacitor 54 functions also to establish an alter 
nating current connection from the anode of di 
ode 33 to ground . 
The plate of triode 36 is returned to the Sec 

ondary winding 44 through the coil 56 of a single 
pole relay having normally closed contact 57 
thereon. The contact 57 is in series with the 
iamp 32. 
When the switch arm 3 of the double pole 

double throw control switch 6i is closed to the 
right, the circuit from secondary 44 through the 
lamp is opened at the switch. The Switch, in this 
position, also short-circuits capacitor 46, placing 
ine control grid of triode 36 at a negative poten 
tial with respect to ground equal to the drop 
across resistor 53. This potential is more thar. 
that required to cut the triode 36 off, leaving relay 
contact 5' in the position shown. 
When the switch arm 3 is now thrown to the 

left, the circuit through contact 5, is complete 
and the lamp 32 is energized. Simultaneously, 
the short across capacitor AS is removed, and the 
comparatively Snooth but stepped charging 
waveform is developed acroSS capacitor 6 as de 
scribed in detail in connection with capacitor C2, 
Figure 1. The charge On capacitor 46, passing 
through diode 36, is such as to drive the grid of 
triode 36 positive with respect to the initial po 
tential at this point. 
tor 46 continues, the potential difference between 
grid and cathode of triode 36 diminishes, until 
the triggering point, When triode 36 conducts 
Sufficiently to cause relay 56 to open its contact 

l, de-energizing lang 32. 
It is to be noted that insofar as the charging 

is concerned, capacitors 36 and 54 are in series. 

AS the charging of capaci 
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the latter effectively determines the charging 
rate. Furthermore, the potential across capaci 
tor 54 remains practically constant, for although 
it charges up on one-half cycle as does capacitor 
46, it discharges an equal amount through diode 
33 on the reverse half-cycle. . 
To place the circuit of Figure 3 in condition 

for operation once again, it is only necessary to 
throw switch arm 3 to the right. This instantly 
discharges capacitor 46, so that the cycle may be 
repeated by throwing the switch to the left. The 
time of exposure, or time during which lamp 32 
is on, is determined by the Setting of variable 
capacitor 45. Accordingly, its controlling dial 
(not shown) may be calibrated directly in terms 
of exposure time accomplished with each setting 
thereof. completely electronic, adjustable 
timer is hereby attained. The variable element 
is a readily realizable, small trimmer capacitor 
and all other elements are likewise conventional, 
inexpensive radio components. 

Figures 4 and 5 illustrate possible modifications 
of the circuit of Figure 3 for the purpose of sim 
plifying the manufacturing procedure and re 
ducing the cost thereof. The circuits of Figures 
3, 4 and 5 are similar except for the input cir 
cuits. All like elements are correspondingly 
designated. 

In Figure 4, a small transformer 62 is used 
solely to energize the heater circuits of the two 
tubes. The charging current flowing through 
variable 45 is taken directly from the line 37 
without an isolating transformer. 

In Figure 5 the circuit is still further simplified 
by the elimination of the filament transformer. 
Thus, the heaters 63 and 64 are connected in 
series with a dropping resistor 65 of suitable 
Value. Again, the charging circuits are con 
nected directly to the line. The remainder of the 
circuits of Figures 4 and 5 are as shown in Figure 
3 and have been omitted for clarity. 

It will be noted that in all three embodiments, 
Figures 3, 4 and 5, the initial bias placed on the 
control grid of triode 36 is equal to the drop 
acroSS resistor 53, which in turn is a function of 
the line voltage as is the voltage applied to the 
charging circuit. Hence, if the input voltage 
varies, the consequent variation in charging rate 
is accompanied by a variation in the level which 
the triggering voltage must attain to operate 
triode 36. The latter variations tend to com 
pensate for each other and provide accuracy upon 
an unregulated Supply line. 
As an example of circuit operation, the em 

bodiment of Figure 3 was operated with come 
ponent values as follows: 
Input voltage------------ i0 volt-60 cycle line 
Capacitor 5------------- 10 mm.f. 
Capacitor 46------------- 0.5 inf. 
Tubes------------------- 6H6 
Tubes------------------- 6SR 

and it was found that an accurately reproducible 
delay of eight minutes was obtained. An RC cir 
cuit capable of accomplishing the same result 
would require a resistor of 2400 megohms for a 
capacitor of 0.5 m f. and a stabilized charging 
potential of 250 volts. A resistor of this value, 
particularly in variable form, is practically im. 
possible to obtain with a degree of stability. No 
difficulty is experienced in obtaining capacitor 45, 
however. 
Thus, in accordance with the principles of the 

presert invention, long delays are obtained by 
These are large compared to capacitor 45, so that 75 the process of charging a capacitor, not by a 
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small current limited in value by resistance, but 
by a pulsed or discontinuous current. The 
charging takes place in small definite steps gov 
erned by the value of a small variable capacitor. 
The particular circuit components hereinabove 

illustrated are subject to considerable modifica 
tion. As an example, the triode control tube may 
be, for heavier duty applications, substituted for 
by a gas thyratron or the like. Furthermore, the 
application of the circuit need not be limited to 
photographic Systems as mentioned. Conduction 
in the triode may be used to turn on or off vari 
ous apparatus, as desired. 

Since many variations and modifications of my 
novel time delay device will now be apparent to 
those skilled in the art, I prefer to be bound not 
by the Specific illustrative embodiments described 
above, but only by the appended claims. 

claim: 
1. Electrical time delay apparatus operative to 

energize an electrical device for a definite period 
of time comprising a fixed capacitor and switch 
ing means normally operative to substantially 
short circuit said fixed capacitor and de-energize 
said electrical device, an alternating current 
source including a transformer having a primary 
winding connected to Said Source and a secondary 
winding, circuit connections including said 
Switching means operable to connect said elec 
trical device to Said Secondary Winding and to 
simultaneously permit the charging of said fixed 
capacitor, a variable capacitor and a first recti 
fier in said circuit connections, Said fixed ca 
pacitor charging from said alternating current 
source through said secondary winding, said vari 
able capacitor, and said rectifier element, a sec 
ond rectifier, said fixed capacitor discharging 
through said second rectifier and said secondary 
winding, said variable capacitor determining the 
rate of charging of said fixed capacitor, an elec 
tron tube, a relay in circuit with said electron 
tube and normally de-energized, means includ 
ing circuit connections whereby said fixed ca 
pacitor when charged to a predetermined po 
tential is operative upon said electron tube to 
energize said relay and disconnect said electrical 
device from said alternating current source. 

2. Electrical time delay apparatus operative to 
energize an electrical device for a definite period 
of time comprising a fixed capacitor and Switch 
ing means normally operative to substantially 
short circuit said fixed capacitor and de-energize 
said electrical device, an alternating current 
source including a transformer having a primary 
winding connected to said source and a secondary 
winding, circuit connections including Said 
switching means operable to connect said elec 
trical device to said secondary winding and to 
simultaneously permit the charging of Said fixed 
capacitor, a variable capacitor and a first recti 
fier in said circuit connections, said fixed capacitor 
charging from said alternating current Source 
through said secondary winding, said variable 
capacitor, and said rectifier element, a second 
rectifier, said fixed capacitor discharging through 
said secondary rectifier and said secondary wind 
ing, said variable capacitor determining the rate 
of charging of said fixed capacitor, an electron 
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tube, a relay in the plate circuit of Said electron 
tube, additional rectifier means electrically con 
nected to said tube for obtaining a fixed negative 
potential for said tube, a common cathode for 
Said electron tube and additional rectifier, said 
negative potential providing a bias cutting off 
said electron tube and de-energizing said relay, 
said fixed capacitor when charging altering the 
bias on Said electron tube and operative thereon 
when charged to a predetermined potential to 
overcome said cut off bias to energize said relay, 
Said relay when energized disconnecting said elec 
trical device from said alternating current source. 

3. An electrical timing circuit comprising a 
transformer having a primary winding connected 
to a Source of power and a secondary winding, a 
first and a second diode, a variable capacitor 
connecting the cathode of said first diode and 
the anode of said second diode to one terminal 
of Said Secondary Winding, an output capacitor 
for connecting the anode of said first diode to 
the cathode of said second diode, a triode, and 
circuit connection for connecting the cathode of 
Said Second diode to the control grid of said 
triode, a further diode, the cathode of said fur 
ther diode being also the cathode for said triode, 
a resistor for connecting the anode of said fur 
ther diode to one terminal of said secondary, a 
capacitor for connecting the anode of said fur 
ther diode to the other terminal of said sec 
ondary, and a capacitor connecting the anode 
of Said first diode to the cathode of the second 
diode. 

4. An electrical timing circuit comprising a 
transformer having a primary winding connected 
to a source of power and a secondary winding, a 
first and a Second diode, a variable capacitor 
for connecting the cathode of said first diode 
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and the anode of said second diode to one ter 
minal of Said secondary winding, a capacitor, 
circuit connections for charging said capacitor 
from Said Secondary winding through said first 
rectifier and discharging said capacitor over a 
circuit including said secondary winding and 
said Second diode, a triode, a further diode, the 
cathode of Said further diode being also the cath 
Ode for said triode, circuit connections for con 
necting Said first diode to the control electrode 
of said triode, circuit connections including said 
Secondary winding and said further diode for 
energizing said triode and an electrical device 
connected to the anode of said triode. 

JOSEPH. C. TELLIER. 
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