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ABSTRACT: A solid-state ?asher circuit for controlling the 
?ashing of electric signs, warning lights and other similar 
devices, said circuit having no movable parts or wear com 
ponents. The subject circuit is a relatively versatile control 
which includes separate means adjustable to control the 
?asher on time, the ?asher off time, the ?ashing frequency, 
whether the ?asher is to be operated at full or half-wave 
power, it always initiates energizing of the ?asher device 
under minimum power conditions, and it also includes means 
for operating as a time delay means. 
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SOLID-STATE FLASHER 
The subject invention relates generally to ?asher'circuits 

and associated devices including circuit means for controlling 
the energizing and deenergizing of a load circuit such as a 
lamp, a sign, a warning or delay device and so on. All known 
?ashing devices have employed some kind of mechanical or 
electromechanical means such as electric motors and as 
sociated cam means or some form of relay means which 
operate to cause one or more sets of contact points to al 
ternately open and close. The known devices usually also 
carry relatively substantial currents and as a result produce 
arcing and other circuit interruptions at their contact points 
causing the contacts to deteriorate and malfunction. Also, by 
including motor or relay means in the circuits of the known 
devices to open and close contacts and for other reasons 
creates maintenance problems and makes the known devices 
relatively expensive to construct and operate. The subject 
solid-state ?asher circuit overcomes these and other disad 
vantages and shortcomings of the known devices, and has the 
further important advantages in that it has no moving or wear 
parts, no contacts to open and close, and it requires very little 
current to operate. Also the present circuit is much more ?exi 
ble and versatile than known devices used for the same or 
similar purposes, and it can be made to be more compact and 
more economical to operate. 
The present invention therefore discloses a relatively sim 

ple, inexpensive and maintenance-free yet very versatile con 
trol circuit particularly for controlling the energizing and 
deenergizing of a device such as a ?ashing device, which con 
trol circuit because of its versatility and low power require 
ments can be used for many different purposes including use 
with warning devices and the like. 

It is therefore a principal object of the present invention to 
provide improved circuit means for operating a ?ashing 
device or the like. 
Another object is to increase the ?exiblity, versatility and 

adjustability of ?asher devices and of the control means 
therefor. 
Another object is to provide improved means for varying 

the duration of a flasher’s on and/or off periods. 
Another object is to reduce or eliminate wear and deteriora 

tion in circuits used to control ?ashers and the like. 
Another object is to provide a relatively compact and inex 

pensive circuit for controlling the operation of ?asher and 
time delay devices. 
Another object is to provide a relatively maintenance-free 

?asher control circuit. 
Another object is to provide a flasher control circuit with 

means for adjusting the ?ashing frequency. 
Another object is to provide a ?asher circuit that is capable 

of handling widely varying load requirements. 
Another object is to provide a ?asher circuit for controlling 

the operation of ?ashing devices used in advertising, waring 
and other applications. 
Another object is to reduce the energy required to control a 

?asher device. 
These and other objects and advantages of the present in 

vention will become apparent after considering the following 
detailed speci?cation which covers a preferred embodiment 
of a ?asher control circuit in conjunction with the accompany 
ing drawing which is a schematic electrical circuit diagram of 
a ?asher control circuit constructed according to the present 
invention. 

Referring to the drawing more particularly by reference 
numbers, number 10 refers generally to a ?asher control cir 
cuit which for illustrative purposes is shown connected to an 
AC power source 12, such as a conventional 115 volt AC 
source, said circuit being constructed to operate or ?ash a 
load which is shown in the drawing as electric lamp 14. 
The power from the source 12 is supplied to the circuit 10 

on input leads 16 and 18. In the discussion which follows the 
voltages on the leads 16 and 18 will be considered at speci?c 
times during the cycles of the input source. For example, dur 
ing alternate half-cycles the potential on the lead 18 will be 
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2 
considered positive relative to the potential on lead 16 and 
vice versa. 
The lamp 14 is connected between the input lead 16 and 

another lead 20 which has its opposite end connected to elec~ 
trode 21 of a triac 22. The triac 22 also has a gate control elec 
trode 24 and an anode electrode 26. The anode 26 is con 
nected by another lead 28 to the input power lead 18. It can 
therefore be seen that whenever the triac 22 is turned on or 
gated by an appropriate signal being applied to the gate elec 
trode 24, it will conduct and in so doing will establish a circuit 
for energizing the lamp 14 by effectively connecting the lamp 
across the source between the leads 16 and 18. When the triac 
22 is not gated and not conducting, however, the lamp will be 
deenergized, except for another condition of the circuit which 
will be described later. The subject ?asher circuit is designed 
to control the gating of the triac 22 in a desired manner, and in 
so doing to produce a desired ?ashing condition for the lamp 
14 as will be explained. 
When power is supplied to the ?asher circuit 10 it will ini 

tially remain in a standby condition until power is supplied to 
another lead 30 which is connected to the input lead 16 by the 
closing of a switch 32. The switch 32 is an optional feature 
provided to enable the subject ?asher circuit to be operated 
from a remote location. If the switch 32 is omitted, the lead 30 
will then be permanently connected to the input lead 16, and 
the ?asher circuit will be activated whenever the input leads 
l6 and 18 are connected to the input source. For the purposes 
of this description it will be assumed that the switch 32 is 
closed and that the leads l6 and 30 are therefore electrically 
the same. 
When the ?asher circuit 10 is activated by applying the AC 

source power from the source 12, a circuit is established for 
current to ?ow between the input leads 16 and 18, through a 
series circuit which includes a capacitor 34, a potentiometer 
36, an optional resistor 38, and a diode 40 connected as 
shown. With this circuit, whenever the voltage on the input 
lead 18 is positive relative to voltage on the input lead 16, 
which occurs on alternate half-cycles of the input, a charge 
will accumulate on the capacitor 34 of the polarity shown and 
at a rate that depends on the time constant of the circuit just 
described. It is to be noted also that the capacitor 34 will only 
be able to be charged in the polarity shown during the half-cy 
cles of the input when the voltage on the lead 16 is negative 
with respect to the voltage on the lead 18 due to the presence 
of the diode 40 which only permits conduction therethrough 
for this one polarity of the input voltage. When the voltage 
across the capacitor 34 builds to a predetermined voltage it 
will operate to fire a trigger diode 42 causing it to conduct. 
This in turn will cause current to ?ow through a circuit which 
includes the trigger diode 42 and resistors 44 and 46 which are 
in series therewith across the capacitor 34. in so doing, a volt 
age will develop across the resistor 46 which will be of such 
polarity that it places a positive voltage on gate electrode 48 of 
a silicon-controlled recti?er (SCR) 50 relative to the voltage 
on the cathode of the SCR 50. At this time, however, the SCR 
50 will be prevented from going into a conducting condition 
by the reverse biasing across it, and this condition will con 
tinue to exist until the polarity of the voltage on the input 
reverses and the voltage on the lead 16 starts to go positive 
with respect to the voltage on the input lead 18. This takes 
place at the beginning of the next half-cycle of the input from 
the source 12. 
When the trigger diode 42 is ?red, it will conduct and con 

tinue conducting to maintain the voltage developed across the 
resistor 46 until the polarity of the line voltage reverses at 
which time the SCR 50 will also conduct. This is accomplished 
in the circuit by the resistor 44 which is in series with the re 
sistor 46, the combination providing a relatively slow 
discharge path across the capacitor 34. The resistors 44 and 
46 also form a voltage divider circuit which limits the gate 
voltage that can be applied to the gate electrode 48 of the SCR 
50. With this circuit arrangement therefore, the SCR 50 can 
only be switched from its nonconducting to its conducting 
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condition at a time when the polarity of the input is reversing 
and at a time when a positive voltage is being applied to its 
gate electrode 48. In other words, it is not possible for the SCR 
50 to go into a conducting condition at any time except at a 
time when the line voltage goes through a zero voltage condi 
tion. This kind of switching or gating is sometimes referred to 
as “zero-voltage switching." When the SCR 50 is triggered it 
immediately triggers the triac 22 as will be explained. Zero 
voltage switching is important to the present device because it 
eliminates the possibility of radio frequency interference, and 
it prolongs the life of lamp 14 which may be an incandescent 
lamp or other device to be switched because under zero-volt— 
age switching the lamp or other device is always energized ini 
tially at a time when the input source voltage is at or near 0 
volts. 
When the SCR 50 conducts, another circuit is established 

for current to ?ow through the lamp 14 on an alternate path 
which includes the lamp 14, the triac electrodes 21 and 24, 
there being relatively little impedance between these elec 
trodes in a triac, and then back to the input lead 18 through 
diodes 51 and 52, the SCR 50, and through another diode 54. 
This means that the load current for operating the lamp 14 will 
be able to flow through the triac 22 during the half-cycles of 
time that the voltage on the input lead 16 is positive with 
respect to the voltage on the input lead 18 following gating of 
the SCR 50. Furthermore, since triacs are latching-type 
devices the conducting condition thereof, once it is 
established will continue in effect during the rest of the same 
half-cycle when the voltage on lead 16 is positive with respect 
to the voltage on lead 18. It is also to be noted that triacs, 
being latching devices, will remain in the condition they have 
at the ‘beginning of each half-cycle and until the end of that 
half-cycle, and will then cease to conduct if they are conduct 
ing unless they are regated. This is the nature of triacs. 

Also, during the same half-cycle when the input lead 16 is 
positive with respect to input lead' 18, another capacitor 56 
will charge in the polarity shown through a circuit which in 
cludes series-connected switch 58, when closed, resistor 60 
the diode 52, the SCR 50 and the diode 54. The capacitor 56 
and the resistor 60 are included in the circuit to provide means 
for regatingthe triac 22 at the end of the half~cycle when input 
lead 16 goes negative so that the lamp will continue to be 
energized. The means for regating the triac 22 include a 
closed circuit formed by the capacitor 56, the resistor 60, the 
lamp 14, the triac electrodes 21 and 24 and the diode 51. 
When the polarity across the input leads l6 and 18 reverses at 
the end of the half-cycle when the lead 16 was the more posi 
tive that is, when the lead 16 goes negative with respect to the 
lead 18, the charge on the capacitor 56 will ?ow through the 
switch 58, the lamp 14, the triac electrodes 21 and 24, the 
diode 51, and the resistor 60, and in so doing will regate the 
triac 22 thereby maintaining the lamp 14 in its energized con 
dition. This occurs at the beginning of the half-cycle following 
the half-cycle in which the triac 22 is triggered by the trigger 
ing of the SCR 50 as explained above. 
At the beginning of this same half-cycle when the input lead 

18 goes positive with respect to the input lead 16, and with the 
triac regated and conducting, the capacitor 56 as aforesaid 
will have discharged and will commence recharging, but this 
time in the opposite polarity from the polarity shown on the 
drawing. The circuit for recharging the capacitor 56 in this op 
posite direction is through the low resistance of the triac 22 
and the circuit formed by the gate electrode 24, the diode 51, 
the resistor 60 and the switch 58. The charge produced on the 
capacitor 56 at this time will be dissipated after the beginning 
of the next half-cycle. However, this condition will not be able 
to regate the triac 22 because it is of the wrong polarity to pass 
through the .diode 51, and therefore has no effect on the 
operation. Furthermore, what charge there is on the capacitor 
56 will be rapidly dissipated through a circuit which includes 
the elements 60, 52, 50 and 54 after the polarity reversal. 
The purpose of the capacitor 56, the associated resistor 60 

and the circuitry associated therewith is therefore to provide 
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4 
means to cause the triac 22 to conduct on the half-cycles fol 
lowing the half-cycles in which the triac is triggered by the 
SCR 50. 
An important additional feature of the present circuit is pro 

vided by having the switch 58 in its open condition. When the 
switch 58 is open, the half-cycles following each of the half-cy 
cles in which the triac is triggered by SCR 50 would be 
omitted and the lamp 14 would not be energized during these 
half-cycles. This means that the switch 58 can be used to 
select between full-wave and half-wave conduction of the triac 
22 and the lamp 14. For example, when the switch 58 is open 
the triac 22 will operate only in half-wave conduction cycles, 
and when the switch 58 is closed it will operate in full wave 
conduction cycles. With this feature, the life of the lamp 14 
can be substantially extended because it can be made to ?ash 
at half instead of at full power. This is an advantage in those 
situations where full brightness is not required. 

lt is usually also desired to energize the lamp or other load 
for more than one full cycle of line current at a time, and the 
present circuit includes means which make this possible. The 
means for accomplishing this as will be explained, include 
means that cause the SCR 50 to remain in conducting condi 
tion for periods of as long duration as desired. This is accom 
plished by holding circuit means which include another 
capacitor 62, another resistor 64, a potentiometer 66, diodes 
68 and 70, and a three-position selection switch 72. When the 
voltage on the input lead 16 is positive with respect to voltage 
on the input lead 18, and in the interval before the lamp 14 is 
energized by the triggering of the SCR 50 and the triac 22, a 
relatively small ‘current will flow through the the lamp 14, the 
lead 20, the switch 71 when closed in its left-hand position as 
shown, the diode 70, the left part of the potentiometer 66, the 
resistor 64, and the capacitor 62, which at this time will be 
charged to the polarity shown. Thereafter, when the SCR 50 
conducts as aforesaid, it will be maintained in its conducting 
condition due to the holding current supplied thereto by the 
capacitor 62. This holding current is supplied to the SCR 50 
through the resistor 64, the right-hand portion of the poten 
tiometer 66 and through the diode 68. During the time the 
SCR 50 is held conducting, the triac 22 is also conducting 
thereby causing the lamp 14 to remain energized. However, 
when the lamp is energized, the capacitor 62 will not longer be 
receiving charging current through the circuit just described 
since at this time the lead 20 is at the same potential as the 
lead 18. The capacitor 62 will therefore be discharged through 
the same circuit just described which includes the diode 54, 
the SCR 50, the diode 68, the right part of the potentiometer 
66 and the resistor 64, and when discharged will no longer be 
able to supply holding current for the SCR 50, so that the SCR 
50 will then stop conducting as soon as the end of that particu 
lar half-cycle of operation is reached. 
The time constant of the discharge circuit for the capacitor 

62 is controlled by the setting of the potentiometer 66, and the 
potentiometer 66 therefore acts as the “on time" control for 
the ?asher circuit 10. This means that the lamp 14 will remain 
energized for a time period that is determined by the setting of 
the potentiometer 66. Thereafter, at a still later time, the lamp 
14 will again be reenergized during a cycle when the capacitor 
34 is recharged through the potentiometer 36 as discussed 
above. This means that the setting of the variable resistor 36 
provides the means for controlling the “off time" of the lamp 
14, and the setting of the potentiometer 66 controls the “on 
time” of the lamp 14. It can therefore be seen that in the left 
setting position of the switch 72 which is the position 
described above, the circuit 10 operates as an on/o?‘ ?asher 
circuit. Other variations in the operation of the circuit 10 are 
obtained by setting of the switch 72 in its other two operating 
positions. 

In the middle operating position of the switch 72, which is 
the position in which neither side of the switch is closed, the 
charging circuit to the capacitor 62 is open so that it cannot 
supply any holding current for the SCR 50 to maintain it in its 
conducting condition. In this switch position therefore, the 
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lamp 14 will be energized only for exactly one full cycle each 
time it is energized. This position of the switch 72 can be used 
in any application requiring full wave or half-wave pulses. 

In the third or right operating position of the switch 72, the 
capacitor 62 is continuously charged during the time when the 
voltage on the input lead 16 is positive with respect to the 
input lead 18 through a circuit from lead 18 which includes 
the switch 72, the diode 70, the left portion of the potentiome 
ter 66, and the resistor 64. Thus, in the right position of the 
switch 72, one the SCR 50 conducts, it will remain conducting 
until power is removed from the circuit. In the right position of 
the switch 72 therefore, the subject circuit operates as a time 
delay relay, and in this condition when power is ?rst applied, 
the lamp will remain deenergized for a period of time entirely 
determined by the setting of the “off time” control 36. After 
this delay time, the lamp or other load will be energized, and 
will stay energized until the power is removed. Delay relays of 
this general type have many possible applications in the elec 
tronics industry. 
Thus there has been shown and described a novel control 

circuit for controlling the operation of any device which is to 
be operated or energized intermittently or on some desired 
time schedule to produce a desired condition, such as to 
produce a particularly ?ashing condition or to produce a time 
delay for some purpose. Such devices have many possible uses 
and applications including being used to ?ash electric signs, 
control warning devices including traf?c control and similar 
devices, produce a desired time delay action, and for many 
other uses and applications as well. lt will be apparent to those 
skilled in the art, however, that many changes, modi?cations, 
variations and other uses and applications of the subject con 
trol are possible and can be made without departing from the 
spirit and scope of the invention. All such changes, modi?ca 
tions, variations and other uses and applications which do not 
depart from the'spirit and scope of the invention are deemed 
to be covered by the invention which is limited only by the 
claims which follow. 
What is claimed is: 
1. A control circuit for controlling the energizing of a device 

such as a ?asher device comprising a ?asher device to be con 
trolled, means including an alternating input power source 
and a control element connected in series with the ?asher 
device, said control element having a gate electrode energiza 
ble to control the conducting condition thereof, means for 
controlling the conducting condition of said control element 
to control the energizing of said ?asher device, said control 
means including charge storage means, means including a 
voltage divider discharge path connected across the charge 
storage means, and means including a gated recti?er device 
having a control electrode connected to a predetermined 
point in which voltage divider discharge path, the control elec 
trode of said gated recti?er device being gated to enable the 
recti?er device to be able to go into a conducting condition 
whenever the charge on the charge storage means is being dis 
sipated, and means including said gated recti?er device 
enabling a gating pulse to be applied to the gate electrode of 
said control element to cause said control element to go into a 
conducting condition to energize the ?asher device whenever 
the recti?er device goes into a conducting condition. 

2. The circuit of claim 1 wherein the gate pulse applied to 
the gate electrode is applied at a time when the polarity of the 
alternating power input is reversing. 

3. Means for controlling the alternate energizing and 
deenergizing of a device comprising a source of alternating 
input voltages which reverses polarity on alternating half-cy 
cles, a device to be energized and deenergized alternately by 
said source, the improvement comprising a control member 
connected in a series circuit with said device across said 
source, said control member having a control element 
therefor, circuit means connected to said control element to 
control the conducting condition of the control member such 
that when the control member is conducting the .device is 
energized and when the control member is not conducting the 
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device is deenergized, said circuit means including ?rst charge 
storage means connected to store charge during half-cycles of 
one polarity of the input source, means responsive to the accu 
mulation of a predetermined charge on said ?rst charge 
storage means including means for establishing a circuit con 
dition which will enable the control member to go from a non 
conducting to a conducting condition the next time there is a 
reversal of the polarity of the input source, said circuit means 
including second charge storage means connected to store 
charge during the half-cycles of the other polarity of the input 
source, means connecting said second charge storage means 
to the control element of said control member whereby the 
charge stored on said second charge storage means operates 
to maintain the control member in a conducting condition 
during the half-cycle of operation following the half-cycle in 
which the control member goes to a conducting condition. 

4. The means de?ned in claim 3 wherein said circuit means 
include means adjustable to control the time required to 
charge the ?rst charge storage means to said predetermined 
charge. 

5. The means de?ned in claim 3 including means to deac 
tivate the second charge storage means. 

6. The means de?ned in claim 3 including third charge 
storage means, means operable to cause charge to store on 
said third charge storage means during said other half-cycles 
of the input source, and other circuit means including means 
to control the rate of discharge of the charge stored on said 
third charge storage means, said other circuit means having an 
operative connection to the control element of the control 
member to control the time duration that the control member 
'remains in a conducting condition. 

7. A circuit for controlling alternate on and off cycles of a 
device comprising a device to be controlled, switching means 
connected in series with said device across an alternating cur 
rent input source, said switching means including a ?rst solid 
state member having a control element excitable to control 
the conducting condition thereof, and circuit means con 
nected to the control element to control the conducting condi 
tions of said member, said circuit means including a second 
solid-state member having a control element, and means in 
cluding charge storage means and associated voltage divider 
means, means connecting said charge storage means to the al 
ternating current input source whereby charge is stored 
thereon during selected half-cycles of the input source de 
pending on the polarity of the input source, the occurrence of 
a predetermined charge on the charge storage means operat 
ing through the voltage divider circuit to condition the second 
solid-state member so that said member will conduct the next 
time the polarity of the input source reverses, and other means 
connected to the control element of said switching means in 
cluding the said second solid-state member when in its con 
ducting condition enabling said switching means to go from its 
nonconducting to its conducting condition to energize the 
device being controlled. _ 

8. The circuit de?ned in claim 7 including second charge 
storage means operatively connected to be charged by the 
input source, and means for discharging a charge stored 
thereon, said discharging means including a discharge circuit 
connected through the second solid-state member, said 
discharge circuit conditioning said second solid-state member 
so that it will go from a conducting to a nonconducting condi 
tion. 

9. A solid-state ?asher circuit for controlling energizing and 
deenergizing of a ?asher device comprising a ?asher device, a 
source of alternating current, a controllable member con 
nected in series with the ?asher device across the alternating 
current source, said controllable member having a control 
electrode, the improvement comprising circuit means con 
nected to the control electrode of the controllable member to 
produce signals thereon that control the conducting condition 
of the controllable member and the energizing and deenergiz 
ing of the ?asher device, said circuit means including a ?rst 
circuit portion connected across the the alternating current 
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source and including charge storage means and impedance 
and recti?er means connected in series ' with. the charge‘ 
storage means to control the rate and polarity of charge 
storage on the charge means, means including a voltage di 
vider discharge path connected across the charge storage 
means, and a gated recti?er having a control electrode con 
nected to a point in the voltage divider discharge path, said 
gated recti?er conditioning the circuit means so that the con 
trollable member can go from a nonconducting to a conduct 
ing condition under control of a polarity reversal of the 
source, and other means included in the circuit means to 
maintain the controllable member in a conducting condition 
for a determinable time period. 

10. The solid-state ?asher circuit de?ned in claim 9 includ 
ing means adjustable to control the time duration that the con 
trollable member is in a conducting condition. 

11. The solid-state ?asher circuit de?ned in claim 9 includ 
ing means adjustable to control the time duration that the con 
trollable member is in a nonconducting condition. 

12. The solid-state ?asher circuit de?ned in claim 9 wherein 
said controllable member is a triac. 

13. The solid-state ?asher circuit de?ned in claim 9 wherein 
said voltage divider discharge circuit includes a trigger diode. 

14. The solid-state ?asher circuit de?ned in claim 9 wherein 
said circuit means includes a second circuit portion including 
second charge storage means, means to cause a charge of 
predetermined polarity to be stored on said second charge 
storage means from said alternating current source on al 
ternate half-cycles of the source, and means for dissipating the 
charge on said second charge storage means, said charge-dis 
sipating means including the control electrode of the control 
lable member. 

IS. The solid-state ?asher circuit de?ned in claim 9 includ 
ing means for controlling the length of time that the gated 
recti?er conditions the circuit means so that the controllable 
member can go from its nonconducting to its conducting con 
dition said last-named control means including means adjusta 
ble to control the time durations that the ?asher device 
remains energized. 
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16. Means for controlling the energizing and deenergizing 

of a device comprising a source of input voltage having alter 
nating half-cycles of opposite polarity, a controllable element 
capable of being in a conducting or nonconducting condition 
connected in series with the device to be energized and 
deenergized across the input source, said controllable element 
having a gate electrode, and means connected to the gate elec 
trode for applying signals thereto to control the conducting 
condition of the element and of the device to be energized and 
deenergized, said means connected to the gate electrode in 
cluding ?rst means operable in response to a predetermined 
?rst circuit condition to enable a signal to be applied to the 
gate electrode to cause said controllable element to go from a 
nonconducting to a conducting condition, said last-named 
means including ?rst charge storage means and means to ad 
just a ?rst circuit time constant to vary the charging rate of 
said ?rst charge storage means, and second means responsive 
to a predetermined second circuit condition to maintain the 
controllable element in conducting condition for a determina 
ble time period, said second means including second charge 
storage means and means to adjust a second circuit time con 
stant to vary the charging rate of said second charge storage 
means. 

17. The means de?ned in claim 16 including switch means 
connected into the circuit of the second charge storage means, 
said switch means being movable between a ?rst position in 
which the device to be energized is operated on half-wave 
energy from the source, and a second position in which the 
device to be energized is operated on full wave energy from 
the source. 

18. The means de?ned in claim 16 including switch means 
connected into the circuit with the second charge storage 
means, said switch means being movable between a ?rst posi 
_tion in which the second meanspperate every time the device 
is energized to maintain the device energized for one full cycle 
of the input source, a second position in which the device is 
maintained energized for a predetennined time interval each 
time it is energized, and a third position in which the device 
after once being energized remains energized. 

It * * * * 
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Column 5, line 7, "18" should be "16''; ' line 9 , "one 
should be "once"; line 24, “particularly" should be "particular"; 
line 65, "voltages" should be "voltage" . 

Signed and sealed this 6th day of June 1972. 

(SEAL) 
Attest: 

EDWARD M.FLETCHER,JR. ROBERT GOTTSCHALK 
Attesting Officer Commissioner of Patents 
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