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voLTAGE LIMITING CIRCUIT 
John R. Boykin, Baltimore, Md., assignor to West 

inghouse Electric & Manufacturing Company, 
East Pittsburgh, Pa., a corporation of Pennsyl 
vania 
Application July 4, 1942, Serial No. 449,731 

(C. 11-19) Claims. 
This invention relates to signal transmission 

circuits, and more particularly to circuits for pre 
venting excessive voltage magnitudes in an elec 
trical transmission system, 
With the trend to high level modulation and 

higher power transmission, there is an ever in 
creasing need for a circuit arrangement to prevent 
high signal potential surges which may appear 
in the modulator portion of a radio transmitter. 
Woltage mangitudes beyond, a predetermined 
level are likely to overload the modulator tubes 
and cause marked distortion in the transmitted Signal. 
The primary object of this invention is to elim 

inate the deleterious effect of voltage amplitudes 
in a transmission circuit exceeding a certain pre 
determined level and to this end means are pro 
vided for controlling the effective impedance of 
variable impedance elements shunting said circuit 
inversely in accordance with the increase of sig nal Voltage. 
Another object of this invention is to prevent 

voltage surges from appearing in a balanced 
transmission circuit due to any cause such as in 
ductive effect, producing transient voltages which 
may unbalance the transmission circuit. 
A particular feature of the invention is that 

the variable impedance elements utilized in the 
transmission circuit comprise vacuum tubes 
which derive anode potentials solely from the sig 
nal voltage in the transmission circuit and control 
potentials from the currents produced by said 
voltage across an impedance element. 
A particular advantage of the control system 

in accordance with this invention, is that the vac 
uum tubes as shunt impedances have infinite im 
pedance at normal predetermined operating po 
tentials, whereas upon voltages exceeding a pre 
determined level, the impedance thereof de 
creases sharply as the signal voltage tends to ex 
Ceed the normal level. 
Other features and advantages will be apparent 

from the following description of the invention, 
pointed out in particularity by the appended 
claims, and taken in connection with the accom 
panying drawing, in which: , 

Figure 1 is a Schematic circuit arrangement of 
a balanced transmission system including the Voltage limiting impedances, 

Fig.2 shows a portion of the above circuit in 
cluding a modification for varying the effective 
control potential for the shunting impedance ele-N- 
ments, 

eration of the voltage-limiting arrangement upon 
excessive signal voltage. 
In a copending application Serial No. 441,567, 

there is described a voltage-limiting arrangement 
5 employing variable impedance elements similarly 

arranged, except that the limiting action is de 
pendent upon voltages due to unbalance in the 
transmission circuit. The present invention con 
templates the operation of such devices upon ex 

10 cessive signal voltages irrespective of the condi 
tion of unbalance. In the copending application, 
the control for the Voltage-limiting Shunt in 
pedance is derived from currents which appear 
only due to unbalance, whereas in accordance 

15 with the present invention the control potential 
is derived from currents due to signal voltages 
within the transmission circuit. 

In transmission circuits of any type, particu 
larly in modulation frequency amplifiers in con 

20 nection with program circuits for broadcasting, 
conditions often arise whereby modulation signals 
may exceed the predetermined level of transmis 
sion; particularly sudden surges in the signal volt 
age, due to various causes are very disturbing if 

25 they are allowed to pass the transmission circuit 
and modulate the transmitter. Warious means 
have been proposed for preventing excessive volt 
ages which may occasionally reach such magni 
tudes as to endanger the various components in . 
the amplifiers and networks associated with the 
modulation system. 

Devices heretofore used for limiting voltage 
Surges for example, spark gaps or glow tubes, are 
effective only within a certain voltage range. 

85. In high level transmission circuits, the normal 
operating signal potentials are often of Sufi 
ciently high value to initiate discharge in the 
glow-discharge type protective devices. In the 
circuit in accordance with this invention, vac 

40 uum tubes are utilized as protective devices in such 
manner that the anode-cathode impedance of the 
tubes forms a short-circuiting path across the 
transmission circuit for all voltages appearing in 
excess to the normal signal potentials in the sys 

4 tem. The control elements of the vacuum tubes 
have an initial bias whereby conductance is pre 
vented at the desired value of signal transmission 
and becomes effective only when this value is ex 
ceeded and the bias is neutralized by a voltage 

50 drop produced due to excessive signalling current 
in the circuit. 
Referring to the drawing, the invention is 

illustrated in connection with a conventional 
signal transmission circuit comprising two Figs, 3, 4 and 5 show by means of curves the op- amplifying stages of the push-pull type, includ. 
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2 
ing a specific coupling circuit. The invention 
resides in the arrangement of the coupling cir 
cuit which provides a transmission channel be 
tween the output of one amplifier and the input 
of the other. 
The first stage of amplification comprises 

vacuum tubes and 2 having anodes 3 and 4, 
control electrodes 5 and 6 and cathodes and 8, 
respectively. The input circuit between elec 
trodes 5 and 6 is shown here to be resistance 
coupled to the signal source between terminals 
9 and to utilizing coupling condensers and 2 
which terminate in the conventional manner 
at the respective control electrodes 5 and 6. 
The input circuit also includes the grid resistors 
6 and 5 returning to the cathodes and 3 in 

Series with a suitable source of bias potential 
shown here by the battery . The output cir 
cuit between anodes. 3 and & includes the pri 
nary winding 9 of the coupling transformer 
20, and the operating potential source for the 
vacuum tubes shown here by the battery 2 be 
tween interconnected cathodes 7 and 8 and the 
center tap 22 of the primary winding 9. The 
Secondary winding 23 of the coupling trans 
former 20 is also center tapped, thereby forming 
a divided input circuit, which is coupled through 
Certain impedance elements, hereafter described 
in detail, to the primary winding 25 of another 
Coupling transformer 26. The circuit between 
the two transformers 20 and 26, that is between 
the secondary winding 23 and the primary wind 
ing 25 forms a balanced transmission channel of 
which the high potential side in one-half of the 
divided circuit includes condenser 28 and re 
sistor 29 in series and in the other half con 
denser 28’ and resistor. 29' also in series. The 
center tap 30 of the winding 23 and the center 
tap 3 of the winding 25 are interconnected. 
This connection also includes a source of bias 
potential shown here by the battery 22. In shunt 
with each half of the primary winding 25 are 
vacuum tubes 38 and 34. The anodes 35 and 
35' thereof respectively, connect to the high 
potential sides of the primary winding 25. The 
cathodes 33 and 33' are interconnected and 
terminate at the center tap 3. The control 
electrodes 3 and 37' of the tubes 36 and 38', 
respectively, return to the high potential side of 
the primary winding 23. By virtue of this con 
nection, the anode-cathode path of each tube is 
effectively in shunt with one-half of the pri 
mary winding 25, whereas the grid-cathode path 
of each is effectively in shunt with the Secondary 
winding 23. The grids 35 and 35' return to the 
cathodes 36 and 36' through the biasing Source, 
that is, the battery 32. The series impedances 
comprising the condensers 28 and . 28' and re 
sistors 29 and 29' are effectively between anodes 
and grid electrodes of the tubes 3 and 34. 
The output circuit of the transmission chan 

nel is coupled in the conventional manner to 
the succeeding amplifying stage by means of the 
secondary winding 40 of the transformer 23. 
This stage may be similar to the input stage 
previously described or it may take any form to 
suit particular design conditions. By way of 
example, a push-pull output circuit is shown 
comprising vacuum tubes 4 and 42 of which the 
control electrodes 43 and 44 are connected to 
the high potential terminals of the Secondary 
winding 40. The center tap 45 thereof returns 
to the interconnected cathodes 46 and T 
through the bias source shown here by the bat 
tery 48. The output circuit between anodes 50 
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output transformer 53 and the anode voltage 
Source shown here by the battery 54 is connected 
between joined cathodes 66 and 37 and the center 
tap 55 of the primary winding 52. The signal 
is fed to the output terminals 56 and 52 from 
the secondary winding 58 of the output trans 
former 53. 

Referring to the operation of the voltage 
limiting circuit, it is to be noted that the trans 
mission channel between the two amplifying 
stages feeds the signal through the impedances, 
namely, the condensers 28 and 28' and resistors 
29 and 29'. The purpose of the condensers is 
merely to isolate the direct-current potential 
supplied from the biasing battery 32 to the grids, 
3 and 37' from the output side of the channel, 
namely, the primary winding 25. These con 
densers may be made large So as to have neg 
ligible impedance at the signalling frequencies. 
The effective impedance in the circuit then is 
formed by the resistors 29 and 29', whereby 
when signal voltages appear across the Second 
ary winding 23, the current flowing to the pri 
mary winding 25 will produce a certain voltage 
drop across the resistors 29 and 29'. The bias 
potential source 32 in the grid circuit of the 
tubes 34 and 34’ is of such magnitude that for 
normal signal levels the tubes 36 and 36' will 
not draw current. Under such conditions, these 
tubes have infinitely high impedance, and con 
sequently produce no shunting effect across the 
primary winding 25. Hence, for normal signal 
voltage transfer, the transmission channel may 
be considered as a coupling network without 
any shunt impedance at all. It is to be noted 
also that the tubes 34 and 34’ derive anode po 
tential solely from the signal voltage. In other 
words, each tube will act only at one-half cycle 
when the anode becomes positive with respect 
to the cathode, and in order that the tubes 
should draw current, it will be necessary for the 
instantaneous anode voltage produced by the 
signal voltage to exceed a certain magnitude 
determined by the value of bias potential chosen 
for the grids 37 and 37. If the signal voltage 
across one-half of the secondary winding 23 
should reach a value greater than the differ 
ence between the signal voltage producing the 
instantaneous anode voltage for any one of the 
tubes 38 and 35' and the grid voltages required 
to maintain these tubes at anode current cut 
off, one of the tubes depending on the polarity 
will draw anode current. The current drawn by 
the tubes will cause a drop across the resistor 
29, or 29'. The circuit constants are so chosen 
that the voltage drop so produced is equal to or 
greater than the increase in voltage across the 
secondary winding 23. As the voltage is low 
ered due to the shunting effect of the tubes 34 
and 34 at each half cycle of signal voltage, the 
effective anode voltage of the tubes will auto 
matically decrease, thereby the levelling action 
is self-adjusting maintaining the balance be 
tween the operating potentials and the shunting 
effect beyond a predetermined level determined 
by the bias potential chosen for the grids 3 
and 37. This is particularly effective as the 
signal voltages tend to increase so that the com 
pensation becomes automatically greater by in 
creasing shunting effect as the voltages tend to 
increase. The shunting effect for smaller volt 
age magnitudes exceeding the predetermined 
level will be proportionately less. This progres 
sive increase in shunting effect is particularly   
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advantageous for maintaining a uniform trans 
mission level. 

Referring to Fig. 2, only' the coupling circuit 
between the amplifying stages is shown here, 
including a certain modification whereby the 
effective signal voltage for the control electrodes 
of the tubes 34 and 34’ may be adjusted for 
particular requirements. Component elements 
identical in this circuit with those shown in Fig. 
1 are marked with similar reference characters. 
Since the modification comprises merely the use 
of a potentiometer in each half of the divided 
circuit, it will not be necessary to describe all 
the circuit elements in detail. The input to the 
transmission channel from any desired signal 
source between terminals 9 and 0 includes the 
primary winding 9 of the transformer 20 and 
similarly the output between terminals 56 and 
57 includes the secondary winding 58 of the 
output transformer 53. The input and output 
terminals may be connected to amplifiers or to 
other components used in the signal transmis 
ision network. The limiting circuit may be in 
serted in the manner shown in any suitable 
portion of a transmission System. In shunt 
with one-half of the secondary winding 23 is 
the potentiometer 60, and in shut with the other 
half of the winding 23 is the potentiometer 60'. 
The riders 6 and 6' connect to the grids 3. 
and 37' of the tubes 34 and 34. In this man 
ner, the signal voltage applied to the control 
electrodes may be made variable or may be en 
tirely removed when the potentiometers are so 
adjusted that the riders 6 and 6' connect to 
the center tap 30 of the secondary winding 23. 
By proper choice of circuit constants, normal 
operation may be obtained when the riders are 
positioned so that the signal voltage appearing 
on the control electrodes is of such magnitude 
in proportion with the instantaneous anode volt 
age derived from the signal that the shunting 
effect of the tubes 34 and 34’ will maintain the 
predetermined level of signal transmission. Fur 
ther adjustment of the potentiometers 60 and 60' 
to increase the signal voltage at the control 
electrodes will produce an anode current cOn 
ductivity in a higher ratio with respect to in 
crease in signal level, so that the effective im 
pedance produced by the tubes 34 and 34’ will 
lower the instantaneous signal voltage below the 
desired transmission level. Under certain con 
ditions, it is desirable to effect limiting action 
below the normal transmission level, particul 
larly for sudden surges of voltage magnitudes. 
The operation of the circuits in Fig. 1 and Fig. 

2 may be better understood and particularly 
compared with reference to the curves shown in 
Figs. 3, 4 and 5. Fig. 3 shows a signal voltage 
in the form of a sine Wave in which the voltage 
amplitudes between the limits A and B are to be 
considered as normal signal levels. Any volt 
age amplitude in excess thereof, as shown by the 
peaks C and D of the curve, represents fluctua 
tion in the voltage level to be transmitted. Re 
ferring to the curve in Fig. 4, it is seen that as 
the voltage amplitude tends to rise above the 
limits A and B, the shunting effect of the tubes 
34 and 34’ results in the levelling off or elimi 
nation of the peaks. The space current drawn 
by the tubes 34 and 34’ produces a voltage drop 
across the resistors 29 and 29' whereby the effec 
tive signal voltage is lowered to the permissible 
levels A and B. The curve in Fig. 4 relates to 
the operation of the circuit shown in Fig. 1. 
The curve shown in Fig. 5 illustrates the oper 
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ation of the circuit of Fig. 2 when the poten 
tioneters 60 and 60' are so adjusted that the 
shunting effect of the tubes 34 and 34' are greater 
than in Fig. 1, resulting in a suppression of volt 
age peaks, beyond the normal level A and B. 
The resultant signal voltage at that instant is 
shown to be between limits E and F below the 
permissible limits A and B. The circuit con 
stants of Fig. 2 may be so adjusted that the 
instantaneous limiting action of the tubes shall 
lower the instantaneous signal voltage, to ap 
proximately zero, that is, to prevent substan 
tially all transmission at certain excessive volt age peaks. 
I claim as my invention: 
1. In an alternating-current transmission sys 

tem, a transmission channel comprising a bal 
anced circuit having divided input and two sepa 
rate output portions, impedance elements in Se 
ries in each half of said circuit between said in 
put and output portions, an electron discharge 
device directly shunting one said output por 
tion and another electron discharge device di 
rectly shunting the other said output portion, 
said devices having at least an anode, a cathode 
and a control electrode, circuit means including 
said impedance elements between certain of said 
electrodes, and means for maintaining a poten 
tial difference of fixed polarity between the con 
trol electrode and cathode of said devices. 

2. In an alternating current transmission sys 
tem, a transmission channel comprising a bal 
anced circuit having divided input and two sepa 
rate output portions, a resistance element in se 
ries in each half of said circuit between said in 
put and output portions, an electron discharge 
device directly shunting one said output portion, 
and another electron discharge device directly 
shunting the other said output portion, said de 
vices having at least an anode, a cathode and a 
control electrode, circuit means for including 
said resistance element between the control elec 
trodes and anodes of said devices, respectively, 
and means for isolating said control electrodes 
from said anode as to direct current in said cir 
cuit, and a source of potential of fixed polarity 
between the control electrodes and cathodes of 
said devices. 

5) 

5 

ti. 

3. In an alternating current transmission sys 
tem, a transmission channel comprising a bal 
anced circuit having divided input and two Sepa 
rate output portions, a resistance element in 
series in each half of said circuit between said 
input and output portions, an electron discharge 
device directly shunting one said output portion, 
and another electron discharge device directly 
shunting the other said output portion, Said de 
vices having at least an anode, a cathode and a 
control electrode, circuit means for including said 
resistance element between said anodes and the 
input portion of said circuit, means for applying 
signal potentials in variable magnitude, to said 
control electrodes and a source of fixed polarity 
between said control electrodes and cathodes op 
posing said applied potential. 

4. In an alternating current transmission sys 
tem, a transmission channel comprising a bal 
anced circuit having a divided input portion com 
prising the secondary Winding of an input trans 
former, and a divided output portion compris 
ing a primary winding of an output transformer, 
connections between terminals of said secondary 
winding and said primary winding whereby both 
said windings are substantially in parallel, each. 
Such connection including in series a fixed capac 

  

  



4. 
ity and a resistance element, a pair of vacuum 
tubes each having anode, cathode and at least a 
control electrode, a common connection substan 
tially devoid of potential drop between said cath 
odes and the intermediate terminal of said pri 
mary winding, a connection for each of said an 
odes at terminals of said primary winding, re 
spectively, whereby the anode-cathode path of 
one of said tubes is in shunt with one-half of 
said output portion and the anode-cathode path 
of the other of said tubes with the other of said 

5 
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di of potential between said cathodes and the, viding point of said input portion. . . . 
6. In an alternating current transmission sys 

tem, a transmission channel comprising a bal 
anced circuit having divided input and two sepa 
rate output portions, a pair of variable imped 

- ance elements directly shunting said output por 
tions, the effective impedance of said elements 

0 

output portion, and a connection for the con 
trol electrode of one of said tubes to one terminal 
of said divided secondary winding and a con 
nection for the control electrode of said second 
tube to the other terminal of Said secondary 
winding, and a common connection including a 
source of potential between said cathodes and 
the dividing point of said input portion. 

5. In an alternating current transmission sys 
tem, a transmission channel comprising a bal 
anced circuit having a divided input portion com 
prising the secondary winding of an input trans 
former, and a divided output portion comprising 
a primary winding of an output transformer, 
connections between terminals of said secondary 
winding and said primary winding whereby both 
said windings are substantially in parallel, each 
such connection including in series a fixed ca 
pacity and a resistance element, a pair of vac 
uum tubes each having anode, cathode and at 
least a control electrode, a common connection 
substantially devoid of potential drop between 
said cathodes and the intermediate terminal of 
said primary winding, a connection for each of ; 
said anodes at terminals of said primary wind 
ing, respectively, whereby the anode-cathode 
path of one of said tubes is in shunt with one 
half of said output portion and the anode-cath 
ode path of the other of said tubes with the other 
of said output portion, and a connection for the 
control electrode of one of said tubes to a poten 
tiometer connected across said divided secondary 
winding and a connection for the control elec 
trode of said second tube to a potentiometer con 
nected across the other of said secondary wind 
ing, and a common connection including a source 

being variable upon application of control poten 
tials, an impedance interposed in series in each 
half of said circuit between said input and output 
portions whereby a voltage is developed there 
across upon current flow through said imped 
ance elements, means for controlling the effec 
tive impedance of said elements in accordance 
with the magnitude of voltage between the ter 
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minals of Said input portion, and means for coun 
teracting the controlling effect of said voltage 
within predetermined magnitudes whereby cur 
rent flow through said impedance elements caus 
ing a voltage drop between terminals of said out 
put portions is effective only beyond a predeter 
mined magnitude of voltage between terminals 
of said input portion. 

7. In an alternating current transmission sys 
tem, a transmission channel comprising a bal 
anced circuit having divided input and two sepa 
rate output portions, a pair of variable impedance 
elements directly shunting said output portions, 
the effective impedance of said elements being 
variable upon application of control potentials, 
a resistance interposed in series in each half of 
said circuit between said input and output por 
tions whereby a voltage is developed thereacross 
upon current flow through said impedance ele 
ments, means for controlling the effective imped 
ance of said elements in accordance with the 
magnitude of voltage between the terminals of 
Said input portion, and means for counteracting 
the controlling effect of said voltage within pre 
determined magnitudes whereby current flow 
through said impedance elements causing a volt 
age drop between terminals of said output por 
tions is effective only beyond a predetermined 
magnitude of voltage between terminals of said 
input portion. 

JOHN R. BOYKIN. 
  


