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RATIo CIRCUIT 
Robert B. Dome, Bridgeport, Conn., assignor to 
General Electric Company, a corporation of New York 

Application September 21, 1943, Serial No. 503,304 
(C. 171-95) 6 Claims. 

The present invention relates to circuits for 
measuring the ratio of two voltages. 
An object of my invention is to provide an 

improved ratio circuit which will handle rapidly. varying voltages. 
The novel features which I believe to be char 

acteristic df my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
method of operation, together with further ob 
jects and advantages thereof, may best be under 
stood by reference to the following description 
taken in connection with the accompanying 
drawing in which Fig. 1 is a circuit diagram and 
Fig. 2 is a diagram explaining the operation. 

Referring to the drawing there is shown a ratio 
circuit having terminals , 2 to which are applied 
the voltages E1, E2 whose ratio is to be deter 
nined. The terminals Ei are connected across 
a saw-tooth circuit comprising a resistance 3 and 
a condenser 4, the condenser being shunted by a 
discharge device 5 keyed by a pulse generator 6 
to short circuit the condenser at intervals deter 
mined by the keying pulse repetition rate. The 
condenser and resistance are related to the repe 
tition rate so that the voltage across the con 
denser starts from zero at the end of each keying 
pulse and increases linearly to a maximum im 
mediately preceding the succeeding keying pulse, 
thus converting the voltage E1 to a saw-tooth 
voltage having a magtitude equal to kiEit. The 
saw-tooth voltage is applied to the control grid 
of a gaseous discharge device 8 having an anode 

9 and a cathode 0 connected in series with re 
sistances , 2 and a source of constant voltage 
3. The voltage E2 is connected across a voltage 
divider 4 having a tap 5 applying a fraction 
k2E2 of this voltage to the cathode O. A. po 
tentiometer 5a between the tap 5 and the cath 
ode adjusts the cathode potential to a value such 
that when both voltages E1 and E2 are zero, the 
device 8 is on the verge of firing. When E. and 
E2 have some positive value, the net change in 
bias on the device is equal to the instantaneous 
difference of the saw-tooth voltage applied to the 
grid (kiEt) and the voltage applied to the cath 
ode (k2E2). Since the device 8 is normally non 
conducting, it is obvious that, by proper choice 
of the constants k1 and k2, for some values of 
time less than the interval between keying pulses, 
kiEit will be slightly greater than k2E2 and the 
device 8 will fire due to the net positive change 
in bias. The time of firing, as apparent from 
Fig. 2, will be a measure of the ratio of the volt 
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current through the device is constant and is not 
subject to control by the grid bias until the cur 
rent has been reduced below the ionization value. 
This is accomplished by a device 6 connected 
across the resistance 2 and the voltage supply 
3 and having a control grid 7 connected to the 
keying pulse generator. The device 6 is nor 
mally biased off and is biased on during each 
keying pulse, reducing the voltage at terminal 
18 below the ionization value. The device 8 ac cordingly conducts only during that part of the 
interval between keying pulses during which k2E2 
is equal to or less than kiEit. Since the device 8 
when conducting conducts at constant current, 
an ammeter reading the average current through 
the device will indicate the ratio of k2E2/kiEit 
up to the point at which k2E2 is greater than kiE1. 
From this point on, there is an ambiguity since 
k2E2 is never less than kiEit and the device 8 is 
always biased off. This ambiguity can be avoided 
by interchanging the voltages, i.e., by connecting 
Ea to terminals and E1 to terminals 2. The 
lower diagram of Fig. 2 shows the instantaneous 
current through device 8 by the solid line block 
and the average of this block over a cycle by the 
dashed line. Due to the mass of the meter nove 
ment, an ammeter will, by its inherent integrat 
ing properties, give a reading proportional to the 
dashed line. 
In the use of the ratio circuit, (1) with both 

Ei and E2 disconnected, the potentiometer 15a is 
adjusted to a value such that the device 8 is on 
the verge of firing; (2) with a known value of 
E. connected to terminals f, and Ea disconnected, 
the resistance is adjusted to cause full scale 
deflection of the ammeter 9; and (3) With a . 
known value of E2 connected to terminals 2, the 
tap 5 is adjusted to give an ammeter reading 
corresponding to the known value of E2/E1. The 
circuit is now adjusted for use with any voltages. 
The ratio E2/E1, expressed in percentage, given 
by the formula (100% minus the percentage am 
meter deflection) will be ambiguous for the Case 
where the ammeter deflection is Zero percent 
which corresponds to all ratios of E2/E1 greater 
than unity. This ambiguity can be removed by 
interchanging the voltages to obtain (instead of . 
the ratio E2/E1) the ratio E/E2. 
While I have shown particular embodiments of 

my invention, it will be understood that many 
modifications may be made without departing 
from the spirit thereof, and I contemplate by the 
appended claims to cover any such modifications 
as fall within the true spirit and scope of my in ages Ei and E2. Once the device 8 has fired, the 56 vention. 
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What I claim as new and desire to-secure by 
Letters Patent of the United States is: 
... 1. A ratio circuit for measuring the ratio of 
two voltages comprising, a bias controlled de 
vice, means for converting one of the voltages to 
be compared to a voltage varying linearly with 
time and directly with the magnitude of the volt 
age, means for biasing said device in accordance 
with the instantaneous difference of said time 
varying voltage and the other voltage to be com 
pared in such a manner that the time said de 
vice conducts depends upon the magnitude of 
said instantaneous difference, and means for 
utilizing the time said device conducts to deter 
nine the ratio of said two voltages. 

2. A ratio circuit for measuring the ratid of 
two voltages comprising, a grid controlled gas 
eous discharge device normally biased of, a cone 
stant voltage supply circuit for the device, means 
for converting one of the voltages to be compared 
to a voltage varying linearly with time and di 
rectly with the magnitude of the voltage, means. 
for biasing said device on in accordance with the 
instantaneous difference of said time varying 
voltage and the other voltage to be compared 
whereby the average current. through the device 
is a measure of the ratio of said two voltages, and means in said circuit for indicating said ratio. 

3. A ratio circuit for, measuring the ratio of 
two voltages comprising, means for converting 
one of said voltages to a saw-tooth voltage vary 

ing linearly with time and directly with magni-. 
tude, and means for utilizing the time when the 
converted voltage and said second voltage have 
a predetermined relative value as a measure of 
the ratio of said two voltages. 

4. A ratio circuit for measuring the ratio of 
two voltages comprising, means for converting 
one of said voltages to a saw-tooth voltage vary 
ing linearly with time and directly with magni 
tude, and means responsive to the difference of 
said converted voltage and said, second voltage 
for indicating the ratio of said two voltages. 

5. A ratio circuit for measuring the ratio of 
two voltages comprising, means for converting 
one of said voltages to a saw-tooth voltage vary 
ing linearly with time and directly with magni 
tude, and means responsive to the time when said 
converted voltage and said second voltage have 
a predetermined relative value for indicating th 
ratio of said two voltages. 

6. A ratio circuit for measuring the ratio of 
two voltages comprising, means for converting 
one of said voltages to a voltage varying in mag 
nitude in accordance with time and with the 
magnitude of said one voltage whereby the re 
lation of said converted voltage to said other volt 
age varies with time, and means responsive to 
the time of Occurrence of a predetermined rela 
\tion of said converted voltage to said other volt . 
age for determining the ratio of said voltages. 

ROBERT B. DOME, 


