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57 ABSTRACT 
A voltage regulator wherein a single variable input 
voltage provides two output voltages, the ratio of the 
output voltages remaining constant. 

2 Claims, 2 Drawing Figures 
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WOLTAGE REGULATING CIRCUIT PROVIDING 
PLURAL OUTPUTS 

This application is a division of application Ser. No. 
152,085 filed June 1 1, 1971, now U.S. Pat. No. 
3,763,488, which was a continuation of application 
Ser. No. 752,576 filed Aug. 14, 1968, now abandoned. 
Mechanical timers may be used to indicate the time 

interval required to provide the proper development 
time of photographic film, whether black and white or 
colored, within the camera. Generally, the mechanical 
timer must be wound to be provided with stored energy 
sufficient to initiate operation of the timer, set to re 
flect the desired development time interval and manu 
ally released to initiate the timing interval. Either inad 
equate winding of the timer, improper setting of the 
timer, or improper release of the timer may have a 
harmful effect on the timing interval provided by the 
mechanical timer generally resulting in improper tim 
ing. In addition, the mechanical timer is generally sepa 
rate from the camera and is bulky and inconvenient to 
carry with the camera. 
An object of the present invention is to provide an 

electronic timer including voltage regulator means 
compensating for variations in the voltage of a source 
of energy. 
A further object of the present invention is to provide 

a voltage regulator having a single input, with a variable 
voltage and which produces two output voltage, 
wherein the ratio of the output voltages are maintained 
constant by a plurality of diode and resistance ele 
ments. 

In the accompanying drawing there is illustrated an 
embodiment of the invention from which these and 
other objects, features and advantages are apparent. 

In the drawings: 
FIG. 1 is an electrical schematic of an integrated cir 

cuit electronic timer which may be used with a camera 
which develops exposed film within the camera; and 
FIG. 2 is a curve illustrating the charging rate of a 

timing capacitor connected to a first timing resistor and 
then to a second timing resistor. 
Generally speaking, the present invention relates to 

an electronic timer means for emitting an audible 
sound signifying the end of a timing interval and a 
method for providing a timed interval. A timing means 
including timing capacitor means connected across a 
source of energy through a first timing resistor means. 
The timing capacitor means is charged at a rate deter 
mined by the resistance value of the first timing resistor 
means. A trigger means, connected to the timing 
means, electrically disconnects the first timing resistor 
from the timing capacitor after the passage of a prede 
termined length of time and electrically connects a sec 
ond timing resistor thereto thereby charging the timing 
capacitor at a rate determined by the resistance value 
of the second timing resistor means. An indicator 
means having an audible sound means emits an audible 
sound when the timing capacitor means is electrically 
disconnected from the first timing resistor and electri 
cally connected to the second timing resistor. A means 
electrically disconnects the trigger means, the timing 
means and the audible sound means from the source of 
energy when the timing capacitor attains a determined 
charge magnitude thereby terminating the time interval 
of the electronic timer. The electronic timer may fur 
ther include a voltage regulator means compensating 
for variations in the voltage of the source of energy so 
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2 
that the timing interval of the electronic timer is sub 
stantially unaffected by the voltage variations, if any. 
Referring now to the drawing, and in particular, FIG. 

1 of the drawing, an electronic timer which may be 
used with and integrally connected to a camera (not 
shown) is illustrated by reference numeral 50. the elec 
tronic timer includes PNP line switch transistor 10, 
voltage regulator means 51, switch means 52, trigger 
means 53, and indicator means 54 which emits an audi 
ble sound after a determined time delay. Input termi 
nals 55 and 56 of the electronic timer are connected 
across any suitable direct current (DC) source such as 
a primary cell (not shown) and the like which converts 
chemical energy into electrical energy. Other DC 
sources which may be used to provide electrical energy 
are solar cells, photovoltaic cells and the like. Terminal 
55 is illustrated as being the positive input terminal to 
the electronic timer whereas terminal 56 is shown as 
being the negative input terminal to the electronic 
timer. The transistor line switch 10 is a PNP transistor 
having the emitter connected to the positive terminal 
55 and the collector connected to the voltage regulator 
means 51 and to the trigger means 53 through first tim 
ing resistor 39. The base of the line switch transistor is 
connected through current limiting resistor 21 of the 
switch means 52 to a suitable switch such as double 
pole, single throw switch 37. The switch 37 may take 
any one of several acceptable forms such as a push 
button switch. When the switch 37 is actuated by any 
suitable means such as manually by an operator, the 
transistor 10 has its base connected to ground through 
the current limiting resistor 21 and the actuated switch 
thereby driving the base voltage of PNP transistor in a 
negative direction biasing the transistor to conduction. 
The collector voltage of the transistor 10 is driven in a 
positive direction as the transistor is biased to conduc 
tion causing the other components of the circuit to be 
energized in the manner described hereinafter. 
Current from the DC source flows through the con 

ducting line switch transistor 10 to lamp 70 connected 
between the collector of transistor 10 and the negative 
input terminal 56 (ground) causing lamp 70 to be illu 
minated visually indicating the energization of the elec 
tronic timer. It should be noted that lamp 70 is illumi 
nated at all times during conduction of the line switch 
transistor thereby indicating that the electronic timer is 
activated. Current also flows from the DC source 
through the timing resistor 39, the series coupled DC 
blocking diode 28 and double pole, single throw switch 
37 to ground. Timing capacitor 38 is connected to 
ground through the switch 37 when switch 37 is actu 
ated so that residual voltage, if any, carried by the tim 
ing capacitor 38 may be discharged to ground through 
the switch 37. The initial discharge of any residual volt 
age carried by the timing capacitor to ground insures 
that charging of the capacitor is initiated from substan 
tially the same voltage point during each timing inter 
val, i.e., generally about zero voltage. 
As the collector voltage of line switch transistor 10 

is driven in a positive direction due to the conduction 
of the transistor, the base voltage of NPN switching am 
plifier transistor 19, connected to the collector of tran 
sistor 10 through the load resistor 18, is driven in a pos 
itive direction thereby biasing the transistor 19 to con 
duction. The collector of transistor 19 is directly con 
nected to the collector of transistor 10. Biasing transis 
tor 19 to conduction causes the emitter voltage thereof 
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to be driven in a positive direction thereby biasing NPN 
switching amplifier transistor 20 to conduction. The 
base of transistor 20 is directly coupled to the emitter 
of transistor 19. The emitter of transistor 20 is directly 
connected to ground and the collector of transistor 20 
is connected to the base of transistor 10 through cur 
rent limiting resistor 21. It should be seen that the base 
of transistor 10 is connected to ground through current 
limiting resistor 21 and transistor 20 as long as transis 
tor 20 is biased to conduction thereby maintaining the 
line switch transistor 10 conducting regardless of the 
position of the switch 37, that is, regardless of whether 
or not the switch 37 is retained in the actuated position, 
"closed circuit position,' by an operator. Since transis 
tor 20 is biased to conduction soon after the push 
button switch is actuated, the operator may release the 
switch 37 from its actuated position thereby allowing 
the switch to return to its normal or "open circuit posi 
tion' without de-energizing the electronic timer. 
Upon return of switch 37 to its normal "open" posi 

tion, the timing capacitor 38 is connected between 
ground and the collector of the line switch transistor 10 
through the DC blocking diode 28 and the first timing 
resistor 39. The timing capacitor 38 is charged by the 
DC source through the PNP line switch transistor, the 
timing resistor 39 and diode 28 to ground. The charg 
ing rate of the timing capacitor is determined by the 
magnitude of resistance of the timing resistor 29 and 
the capacitance value of the capacitor. The greater the 
magnitude of resistance of the timing resistor, the lower 
the charging rate of the timing capacitor. The charging 
rate of the capacitor may be varied by varying the resis 
tance value of resistor 39. The charging rate of the ca 
pacitor, when charged through resistor 39, is illustrated 
as line 81 between points 82 and 83 of the charging 
curve 80 in FIG. 2 of the drawing. 
NPN amplifier transistor 27 of the trigger means 53 

has the base thereof connected to the collector of PNP 
transistor 10 through diode 25 and load resistor 23. 
Transistor 27 is biased to conduction by the collector 
voltage of transistor 10 being driven positive which, in 
turn, drives the base voltage of transistor 27 positive 
thereby biasing transistor 27 to conduction. The emit 
ter of transistor 27 is coupled to ground and the collec 
tor thereof is connected through diode 29 to the timing 
capacitor 38. The conducting state of transistor 27 sub 
stantially prevents the flow of charging current from 
the DC source to the timing capacitor through second 
timing resistor 26 and diode 29. Second timing resistor 
26 is connected between the collector of line switch 
transistor 10 and diode 29. 
Driving the collector voltage of transistor 10 in a pos 

itive direction causes the base voltage of NPN transis 
tor switch 30 of the trigger means 53 to be driven in a 
positive direction biasing the transistor 30 to conduc 
tion. The base of transistor 30 is directly coupled to the 
base of transistor 27 and to the collector of transistor 
10 through diode 25 and load resistor 23. The emitter 
of transistor 30 is connected to ground whereas the col 
lector of transistor 30 is connected to the collector of 
transistor 10 through load resistor 40. Current flowing 
from the DC source through the line switch transistor 
to the means 54 is directed through load resistor 40 and 
transistor 30 to ground thereby preventing means 54 
from emitting an audible sound during the initial phases 
of the timing interval, that is, during the time required 
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point 83 illustrated in FIG. 2. 
The return of switch 37 to the normally open position 

connects the capacitor 38 to the DC source through the 
diode 28, timing resistor 39 and the line switch transis 
tor 10 causing the capacitor to charge at a rate gener 
ally indicated by line 81 between points 82 and 83 of 
FIG. 2. When the magnitude of the charge on capacitor 
38 reaches a determined value, which is illustrated by 
point 83 in FIG. 2, the base voltage of NPN emitter fol 
lower transistor 22, connected between the timing re 
sistor 39 and the capacitor 38 through diode 28, is suf 
ficiently driven in the positive direction to bias transis 
tor 22 to conduction. The collector of transistor 22 is 
directly connected to the collector of transistor 10 and 
the emitter of transistor 22 is connected to the base of 
NPN transistor 24. As the emitter voltage of the transis 
tor. 22 is driven in a positive direction due to the con 
ducting state of transistor 22, the base voltage of tran 
sistor 24 is driven in a positive direction thereby biasing 
the transistor 24 to conduction. The biasing of ampli 
fier transistor 24 to conduction causes the collector 
voltage of transistor 24 to be driven in a negative direc 
tion thereby driving the base voltage of transistor 27 in 
a negative direction biasing the originally conducting 
transistor 27 to non-conduction. The collector of tran 
sistor 24 is connected to the base of transistor 27 
through diode 25. After the amplifier transistor 27 is 
biased to non-conduction, the diode 28 is reversed bias 
when the voltage on capacitor 38 becomes greater than 
the voltage at the base of emitter follower transistor 22 
thereby electrically "disconnecting' resistor 39 from 
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the timing circuit. The flow of current from the DC 
source to the timing capacitor 38 is now through sec 
ond timing resistor 26, connected between the collec 
tor of the line switch transistor 10 and the collector of 
amplifier transistor 27, through diode 29, connected 
between resistor 26 and the timing capacitor, to the 
timing capacitor. The timing capacitor 38 charges 
through the resistor 26 and diode 29 at a faster rate as 
indicated by line 84 between points 83 and 85 shown 
in FIG. 2 since timing resistor 26 is of a lower magni 
tude resistance than timing resistor 39. The charging 
rate of the capacitor may be varied by varying the resis 
tance value of resistor 26. 
The time required to charge capacitor 38 to point 83 

on the curve 80, which biases transistor 22 to conduc 
tion, is governed by the magnitude of voltage at the col 
lector of line switch transistor 10 and the magnitude of 
voltage at the emitter of transistor 24. The time re 
quired to charge capacitor 38 to point 83 on the charg 
ing curve 80 is governed by the ratio between the mag 
nitude of voltage at collector of transistor 10 less the 
voltage drop experienced across diode 28, to the volt 
age at the emitter of transistor 24 plus the sum of the 
voltage drops between the base of transistor 22 and the 
emitter of transistor 24 when transistors 22 and 24 are 
biased to conduction. If the abovementioned time re 
quired to charge capacitor 38 to point 83 on curve 80 
is to be substantially constant, the ratio of the voltage 
magnitudes enumerated above should be substantially 
constant. The ratio may be rendered substantially con 
stant by using the substantially non-linear voltage 
current characteristics of diodes 12 and 13 connected 
in series between the collector of transistor 10 and the 
emitter of transistor 24. The non-linearity of the volt 
age-current characteristics of diodes 12 and 13 may be 
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varied by varying the resistance value of resistor 15 
connected between the cathode of diode 13 and 
ground. The voltage magnitude at the collector of tran 
sistor 10 decreases due to, among other things, "aging" 
of the DC voltage source which results in a decrease in 
the output voltage thereof. As a result of the decrease 
in the output voltage of the DC source, the collector 
voltage of transistor 10 less the voltage drop across 
diode 28 decreases in a greater percentage than the 
percentage decrease of the voltage at the collector of 
transistor 10. At substantially the same time, the cur 
rent flow through diodes 12 and 13 decreases, causing 
an increase in resistance of the diodes 12 and 13, which 
results in a percentage voltage decrease between the 
cathode of diode 13 and ground which is a larger per 
centage than the percentage decrease in the voltage at 
the collector of transistor 10. 

It is seen that by proper selection of the magnitude 
of the resistance value of resistor 15, connected be 
tween ground and the cathode of diode 13, the diodes 
12 and 13 may be biased so that a variation in current 
as a result of variation in the voltage of the DC source 
results in a voltage at the cathode of diode 13 which 
compensates for variations in the charging rate of ca 
pacitor 38 due to variations in voltage at collector of 
transistor 10 thereby requiring the same length of time 
to charge the capacitor to point 83 on the curve 80. 
When transistor 24 is biased to conduction in the 

manner described hereinbefore, the collector voltage 
thereof is driven in the negative direction causing the 
base current of transistor 30 to be reduced to a magni 
tude which causes the transistor 30 to be biased to non 
conduction. The base of transistor 30 is coupled to the 
collector of transistor 24 through diode 25. The voltage 
at the collector of transistor 30 is driven in the positive 
direction causing the piezoelectric device 36, which 
has one surface connected to the collector of transistor 
30, to deform thereby mechanically stressing the de 
vice. The piezoelectric device may be fabricated from 
any suitable material such as barium titanate which 
when mechanically stressed emits an audible sound. 
The deformation of the piezoelectric device causes a 
current to flow in the base of NPN oscillator transistor 
34 which current is of sufficient magnitude to bias the 
oscillator transistor conduction. to condution. The base 
of oscillator transistor 34 is connected to a surface of 
the piezoelectric device opposite the surface to which 
the collector of transistor 30 is connected. When the 
piezoelectric device attains its maximum deformation 
which is determined to a great extent by its mechanical 
properties such as the modulus of elasticity and the like 
and the magnitude of voltage applied thereto, the flow 
of current in the base of oscillator transistor 34 sub 
stantially ceases biasing the transistor to nonconduc 
tion. The collector voltage of transistor 34 is driven in 
the positive direction thereby biasing NPN oscillator 
transistor 31 to conduction. The collector of oscillator 
transistor 34 is directly coupled to the base of oscillator 
transistor 31. Biasing oscillator transistor 31 to conduc 
tion drives the collector voltage of transistor 31 in the 
negative direction causing the piezoelectric device to 
be deformed in a direction opposite to the initial direc 
tion of deformation of the piezoelectric device causing 
current to flow in the opposite direction in the piezo 
electric device through transistor 31, diode 32 and 
diode 35. The collector of transistor 31 is directly con 
nected to the surface of the piezoelectric device oppo 
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6 
site the surface to which the base of transistor 34 is 
connected. The diode 32 is connected between the 
emitter of transistor 31 and ground. The diode 35 is 
connected between ground and the base of transistor 
34. When the piezoelectric device deforms beyond its 
original position due to momentum and begins to de 
form in the original deformation direction, current 
again flows into the base of transistor 34 biasing the 
transistor to conduction. The transistors 3 and 34 os 
cillate between conduction and non-conduction in the 
manner described hereinbefore causing the piezoelec 
tric device to be stressed to its mechanical limit thereby 
emitting a substantially constant, audible sound. It is 
seen that piezoelectric device emits a sound at about 
point 83 on the curve 80 and the audible sound contin 
ues until the electronic timer is de-energized. 
Load resistor 40 is connected between the collector 

of transistor 31 and the collector of line switch transis 
tor 10. Load resistor 41 is connected between the col 
lector of transistor 34 and the collector of the line 
switch transistor. Resistor 33 is a bias resistor for the 
base of transistor 34 and is coupled between the base 
of transistor 34 and the emitter of transistor 31. 
As described hereinbefore after transistor 27 is bi 

ased to non-conduction, the timing capacitor 38 is 
charged by the DC source through the line switch tran 
sistor 10, the load resistor 26 and the diode 29 at the 
rate illustrated by line 84 shown in FIG. 2. After the 
passage of a determined interval of time, the timing ca 
pacitor 38 is charged to a magnitude of voltage, shown 
as point 85 on the charge curve 80 of FIG. 2, which is 
of sufficient magnitude to bias NPN switching amplifier 
transistor 17 to conduction. The base of transistor 17 
is directly connected to the timing capacitor, the emit 
ter thereof is connected to ground through resistor 16 
and the collector thereof is directly connected to the 
base of transistor 19. The emitter of transistor 17 is 
connected to a voltage divider including resistors 14 
and 16. The resistors 14 and 16 are coupled between 
the anode of diode 13 and ground. The voltage divider 
determines the voltage required to bias transistor 17 to 
conduction. Biasing transistor 17 to conduction drives 
the collector voltage of transistor 17 in a negative di 
rection which drives the base voltage of transistor 19 in 
a negative direction thereby biasing transistor 19 to 
non-conduction. When transistor 19 is biased to non 
conduction, the emitter voltage thereof is driven in a 
negative direction thereby biasing transistor 20 to non 
conduction. Biasing transistor 20 to non-conduction 
disconnects the base of the line switch transistor 10 
from ground thereby driving the base voltage of transis 
tor 10 in a positive direction through resistor 11, con 
nected between the positive terminal 55 and the base 
of transistor 10, thereby biasing transistor 10 to non 
conduction. When transistor 10 is biased to non 
conduction, the electronic timer is electrically "discon 
nected" from the source of DC power terminating the 
audible sound and extinguishing the lamp signalling the 
end of the timing interval. 
Having thus described my invention, I claim: 
1. In a voltage regulating means wherein a single vari 

able output voltage provides two output voltages, the 
ratio of the output voltages remaining constant, a first 
diode in series with said output voltage, and a parallel 
combination of a second diode and a resistance means 
connected in series and serially connected resistance 
means, said parallel combination connected to said first 
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diode, one of said output voltages connected between 1 wherein said resistance means is a resistor and said 
said second diode and said resistance means, the other serially connected resistance means comprise two resis 
of said output voltages connected to said serially con- tors, said other output voltage connected between said 
nected resistance means. two resistors. 

2. In a voltage regulating means according to claim 5 + k + k + 
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