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1 
This invention relates to combined voltage and 

polarity control circuits for wide band video 
ampli?ers. 

‘ An object of the invention is to selectively de 
rive an output voltage of a like and/or unlike 
polarity or a blanked signal (zero amplitude) 
from an unbalanced input voltage. 
An object of the invention is to provide a phase 

reversing circuit, which simultaneously combines 
gain control with polarity control. 
An object of the invention is .to selectively de 

rive a polarity inverted, blanked or unchanged 
polarity signal over a wide band of frequencies 
extending from a few cycles to the megacycle 
range and to continuously change the amplitude 
of the derived signal. 
Another object of the invention is to effectively 

and efficiently couple an unbalanced circuit to a 
balanced circuit over a wide band of frequencies 
(for example, 10 cycles to 10 megacycles or more) 
by means of a cathode phase control network in 
cluding equal resistors. 
A feature of the invention is the provision of 

a cathode phase reversing and control circuit, 
comprising a 11' network of resistors, two of which 
are series connected and equal in value to con 
stitute a ?xed voltage divider, while the third is 
a potentiometer constituting a variable voltage 
divider. 
Another feature of the invention is a balanced 

to-unbalanced circuit coupling, comprising a pair 
of equal resistors serially connected to the cath 
odes of a pair of ampli?er tubes. 

Polarity control circuits heretofore used in 
cathode ray oscilloscope circuits, or in connect 
ing an unbalanced to a balanced circuit, have 
commonly suffered from the limitation that as 
the frequency range was extended, for example, 
into the .megacycle range, unbalances of the order 
of 25 per cent or more would be encountered due 
to-parasitic capacitances, feedback or the like, 
whereby operation above 4 or 5 megacycles would 
become unsatisfactory. 

In accordance with one embodiment of the in 
vention, a simple phase control circuit is pro 
vided, operable over a wide band of frequencies 
extending into the megacycle range and beyond, 
featured by a 1r network of equal resistors con 
nected in the cathode lead of a vacuum tube, one 
thereof constituting tapped potentiometer, 
whereby a phase inverted, phase unchanged or 
zero signal may be derived from an unbalanced 
input signal with concomitant amplitude control 
of the derived signal. 
“In accordance with another embodiment of the 
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invention, a balanced to unbalanced circuit cou 
pling is provided e?ective over a band width of 
the order of megacycles or more, characterized 
by a pair of serially connected equal resistors R, 
operating as a ?xed Voltage divider in the oath 
ode leads of a pair of vacuum tubes, whereby 
signals of equal magnitude and opposite polarity 
are derived in the anode circuits thereof. 

Referring to the ?gures of the drawing: 
Fig. 1 shows a circuit in accordance with the 

invention; 
Figs. 2A, 2B, 2C are circuits showing various 

states of operation of the embodiment of Fig. 
1; and 

Fig. 3 shows a modi?ed circuit arrangement 
adapted for unbalanced to balanced circuit oper— 
ation. 
In the embodiment of the invention illustrated 

in Fig. 1, an output signal of inverted polarity or 
of like polarity, controllable in amplitude or a 
blanked (zero) signal may be selectively derived 
at terminals 3, 4 depending on the position of 

‘ the variable tap 5 of potentiometer P. 
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Referring to the circuit embodiment illustrated 
in Fig. 1, an unbalanced input signal voltage ap 
plied to terminals l, 2 of a pentode ampli?er H 
is connected to the signal grid thereof. The in 
put signal voltage may be a complex wave, for 
example, a short time rectangular pulse of the 
order of 5 milliseconds to 1/2 microsecond. With 
the constants shown, the circuit of Fig. 1 will 
have a constant transmission and time delay for 
frequencies from about 10 cycles to at least 10 
megacycles. The output voltage from ampli?er 
I 1 taken from the variable tap 5, is applied to the 
grid of afsimilar second pentode 12. 
A 1r network of equal resistors R connects the 

cathode leads .of the two pentodes l I, I2 to ground 
as shown in Fig. l. A pair of said equal resistors 
R are serially connected to constitute a ?xed 
voltage divider, while the third resistor R con 
stitutes a potentiometer P, having variable tap 5. 
The polarity of the voltage derived at terminals 
3, ll, 1. e., between the anode of pentode l2 and 
ground, will depend essentially on three posi 
tions of the tap 5, to wit, 

(I) At the grounded end of P. it will be un 
changed; 

(II) At the upper end of P, it will be inverted; 
and 

(III) At the center position, the signal itself 
is blanked‘ out. 
The nature of the operation of the circuit em 

bodiment of Fig. 1 may be more fully and. clearly 
apprehended from the circuit diagrams of Figs. 



2,464,594 
3 

2A, 2B, 2C, which show the e?ect on polarity of 
shifting the potentiometer tap positions afore 
mentioned (i. e., I, II, III). 

Fig. 2A illustrates how an inverted polarity 
is produced when the tap is at the upper extrem 
ity (ungrounded end) of the potentiometer P. 
The input voltage, which may for example be a 
rectangular pulse of +1 volt, is directly applied to 
the signal grid a as illustrated in Fig. 2A. Cath 
ode b is raised to a potential of +1/2 volt by the’ 
signal, due to the voltage divider, comprising the 
equal pair of resistors R connected in series. 
Accordingly, with respect to the cathode termi 

nal b, the relative grid potential is + 1/2 volt. This 
difference of potential between grid 0, and cath~ 
ode 2) produces a plate voltage —GMRL (a-—’0)'v 
or —GMRL (1/2 volt), i. e., a reversal in polarity 
of the input wave form. GM represents the tube 
transconductance R1,, the plate load resistance, 
(a—b) the diiierence in voltage between points 
a, b. The product GMRL will be recognized as 
an approximate expression for the gain of a pen 
tod'e. 

Fig. 20 illustrates how the polarity will be un— 
changed when the tap is at the grounded ex 
tremity of potentiometer P. The input signal 
may be a complex wave, for example, a rec 
tangular pulse of +1 volt applied across poten 
tiometer resistor R. The signal grid is held at 
ground potential by the tap connection shown. 
Point 2) of the cathode is at +1/2 volt due to the 
?xed voltage divider action. Accordingly, rela 
tive to the cathode, the grid is at — 1/2 volt, which 
produces at the plate a voltage ——GMRL (a—b) or 
—GMRL (-—1/2 volt) i. e., 1/2‘ GMRL, which repre 
sents an unchanged polarity for the output sig 
nal as illustrated by the output wave form. in 
Fig. 20. 

Fig. 25 illustrates how a blanked signal (zero 
amplitude) may be derived from a complex wave 
input, by setting the potentiometer tap 5 at the 
center. Points a, b are each raised to +1/2 volt, 
with respect to ground. The plate voltage 
—GMR.L (a-b) becomes, therefore, zero since 
(a—l1) =0. 
Thus, the positioning of the tap 5 of the po 

tentiometer P at three critical positions, pro 
duces selectively a signal of reversed polarity, 
unchanged polarity or a blanked out signal from 
a complex Wave input as summarized in the ac 
companying Table A: 

Table A 

Potentiometer . 
Tap Position Cathode 1) Grid a 11-h Output 3-4 

Volts Volts Volts 
I_____ Grounded and % O -% Unchanged 

polarity. 
II_.__ Ungrounded and % 1 % In verted 

polarity. 
III___ Center 1A % 0 No signal. 

It should be further apparent that by a con 
tinuous motion of the tap between its extreme 
positions, the amplitude of the output signal of 
desired polarity may be continuously varied from 
maximum to zero amplitude. 

Accordingly, the circuit of Fig. 1 will simul 
taneously control the polarity and vary the am 
plitude from a maximum to a zero amplitude, 
of a derived signal extending over a range 
of frequencies from 10 cycles to at least 10 mega 
cycles and beyond. 
The modi?cation illustrated in Fig. 3 is adapted 

to derive a balancedoutput signal from an un 
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balanced input over a wide band of frequencies 
(10 cycles to 10 megacycles or more). 
In the embodiment of Fig. 3, a pair of like 

pentode tubes H’, [2’ are connected together in 
the manner illustrated, featured by a pair of 
equal resistors R serially connected to ground 
as shown. The’ cathode terminals b, b’ are con 
nected by a lead. The grid of the’ second tube is 
grounded, i. e., the potential at a’ is held at zero. 
It‘ should be noted that some circuit elements 
not essential to the invention have been omitted 
for clarity and simplicity of disclosure or shown 
with no values. The expressions for signals at 
various points indicated are not general but are 
limited to circuits where low resistances are em 
ployed and tubes having high plate resistance 
and ampli?cation are assumed. Electrode volt 
ages necessary to the normal operation of the 
tubes and circuits for supplying them have been 
neglected as being known to those skilled in these 
arts. 
The unbalanced input signal,. represented as 

a rectangular pulse of +1 volt, is applied to‘ the 
grid of the ?rst pentode at a, whereupon bal 
anced voltages i. e., of equal and opposite polarity’, 
may be derived at the anodes and taken offre 
spectively at terminals l3, [4 for any well-known 
purpose. 
The manner of operation of the‘ circuit embodi 

ment illustrated in Fig. 3 may be readily compre 
hended from the foregoing analysis pertaining to 
Figs. 2A, 20. Thus, the complex wave applied to 
point a will appear as a signal of reversed polarity 
in the plate circuit at 1'3 of pentode II’ as ex 

. plained for Fig. 2A. 
Cathode terminals b and b’ are each at +%; 

volt, while grid a.’ of tube [2’ is at zero potential. 
Therefore, a signal of unchanged polarity will ap 
pear at terminal M, as demonstrated‘ previously 
for Fig. 2C. ‘ 

The balanced voltages appearing at terminals 
l3 and M may be applied to the de?ecting plates 
of a cathode ray oscilloscope or to a balanced 
circuit of the various types known to the art. 

It should be noted that‘in the-form of circuit 
illustrated in Fig. 3, a resistance R could be 
bridged across the input without altering‘ the op 
eration thereof essentially. The inclusion there 
of would provide a 1r network of equal resistors 
R, similar to that illustrated in Fig. 1. However, 
for the result contemplated in Fig. 3, such a 
bridging resistor would be preferably omitted 
with resultant simplification in circuit parts. 

It should be understood. that triodes or other 
suitable tubes may be used in lieu of the pentodes 
shown herein. 
What is claimed is: 
1. In combination, a pair of space discharge 

tubes each having a cathode, an anode and acon 
trol electrode, a signal input circuit for one of. 
said space discharge tubes including a ?rst re 
sistor connected between the‘ cathode thereof. and 
a point of substantially ?xed signal potential, 2. 
second resistor connected between the cathode. of 
the other tube and said point, a third resistor 
connected between the cathodes; of said tubes, a 
signal transmitting connection ‘between’ a tap 
on said ?rst resistor and the control electrode of 
said other tube, andia signal output circuit for 
said other tube. 

2. A signal translating circuit comprising a pair 
of ampli?er tubes each having a cathode, an 
anode and control electrode, a signal input cir 
cuit for one of said tubes, a-isirgnal output‘ circuit 
for the other ‘of said tubes, a- coupling circuit 
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comprising a 1r network of substantially equal re 
sistance elements, a ?rst of said resistance ele 
ments being connected in series in said input 
circuit, a second being connected in series in said 
output circuit, and the third being connected be 
tween the two cathodes, and a signal transmitting 
connection between a tap on said ?rst resistance 
element and the control electrode of said other 
tube. 

3. A circuit in accordance with the preceding 
claim, wherein said tap on said ?rst resistance 
element is variable. 

4. A circuit in accordance with claim 2 in which 
said ?rst resistance element is included in series 

in both said input circuit and the anode circuit 
of said one tube. 
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