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This invention relates to thernionic Wave cir 
cuits serving for the generation of linear poten 
tial sweeps and/or abrupt potential steps, and 
being of the kind comprising a valve amplifier 
having a point in its anode circuit connected 
through a differentiating network to a point of 
constant potential, and having its input voltage 
derived from the output of this differentiating 
network, so that a Substantially linear potential 
Sweep of the valve anode is obtained. 
A feature of the invention is the application 

of the output from the differentiating network 
through a resistance to the input grid of the 
valve amplifier; and the provision of means to 
maintain a voltage drop across this resistance, 
So as to bias the valve to cut-Off While a Waiting 
a firing pulse which Will initiate a potential Sweep 
of the valve anode. 

In the accompanying drawing, Figure 1 shows 
a circuit diagram of an arrangement embody 
ing the invention, which, in response to the ap 
plication of a firing pulse, produces at one output 
terminal a, single linear voltage Sweep, followed 
by automatic return, and at another outputter 
minal an abrupt voltage step at the end of said 
voltage. Sweep; and Figure 2 Shows a modified 
arrangement for the application of a firing pulse 
to the circuit shown in Figure 1. 
In Figure 1, the valve V is a pentode which 

may be of the Mullard Radio Walve Company's 
EF50 type. 

Examples of component values will be given 
for use in conjunction with this valve to produce 
a circuit Suitable for generating voltage sweeps 
having duration of the order of 100 micro-Sec 
Onds. These values are as follows: 

R --------------------------- kilohms. 25 
R2------------------------------ do---- 20 
R ------------------------------ do----, 100 
R ------------------------------ do -- 500 
R5 ------------------------------ do...-- 250 
R6 ------------------------------ do---- 50 
R ------------------------------ do---- 5 
C ------------------------ picofarads- 200 
C? ---------------------- microfarads- 0. 
C ------------------------------ do----, 0.005 

A positive line voltage of 280 volts is assumed 
and a negative line voltage of 150 volts. 
In the stable condition of the circuit the valve 
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W is cut off. Diode D is conducting and holds 
the potential of the anode of valve W at a Wale 
Selected by the slider of potentiometer R. 
Diodes D2, D3 and D4 are also conducting. Diode 
D2 completes a path from positive line through 
resistor R3 to earth; diode D4 completes a path. 
from negative line to earth through resistors 
R5, R6, and diode D3 completes a path from 
positive line to negative line through resistors 
R3, R2 and R5. 
The currents will be approximately as follows: 

Milliamps 
Current through R3---------------------- 2.8 
Current through R2---------------------- 0.4 
Current through R6---------------------- 0.16 
The potential of the anode of diode D2 will be 
near to earth potential, and therefore above the 
range of operating potentials of the control grid 
of valve W which are reached during the poten 
tial Sweep of the anode. The potential of the 
anode of diode D3 will be about 8 volts negative, 
and the Valve W will therefore be biassed beyond 
cut-off by the voltage drop maintained across 
resistor R2. 
As the valve V is not passing current, its screen 

will be at positive line potential. 
The stable condition is disturbed by the appli 

cation of a positive firing pulse to terminal T. 
This pulse may have a duration of about one 
microSecond, and must have sufficient power to 
charge condenser C3 rapidly. It Will be assumed 
that the amplitude and duration of the firing 
pulse are sufficient to charge condenser C3, by 
way of condenser C2 and diode D, to a potential 
of 12 volts positive instead of about 8 volts nega 
tive, to which it was charged in the stable con 
dition. Diode ID3 is thereby cut off, and diode D4 
is also cut off as soon as the firing pulse has 
ceased. 
When diode D3 is cut off, the potential of the 

control grid of valve W iumps to a less negative 
value owing to the collapse of the voltage drop 
across resistance R2, and anode current begins 
to flow. At the same time the potential of the 
anode of diode D2 falls to the new value of the 
Control grid potential, because the current 
through resistance R2 has now ceased. Diode 
D2 is therefore cut off. Owing to the coupling 
through condenser C, the potential of the anode 
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of valve W jumps down by the same amount as 
that of the anode of diode D2. Diode D is there 
fore cut off. 
The initial value of the anode current of valve 

W is approximately the Sun of the current which 
has been flowing through resistor R3 (2.8 milli 
amps) and the current which has been flowing 
through resistor R4 and diode ID? (say, 0.1 milli 
amp). The anode and control grid potentials 
automatically assume appropriate Values to give 
this anode current. 
A period now follows during which the anode 

potential makes a linear Sweep downwards. 
Meanwhile the control grid potential rises slight 
ly So as to increase the anode current continui 
ously by the Small amount necessary to main 
tain a constant current of 2.8 milliamps through 
condenser C, in addition to the Small but stead 
ily increasing current which flows through re 
sistor R4 as the anode potential fails. During 
this period the Screen current will be fairly steady 
at about 1 milliamp, producing an initial fall of 
Screen potential of about 5 volts. 

Condenser C and resistor R3 form a differ 
entiating network connected from the anode of 
valve W to the positive line, and the control grid 
potential, now that diodes D2 and D3 are cut, 
off, is derived from the output of this differentiat 
ing network, i. e. the voltage across resistor R3. 
The charging rate of condenser C will approxi 

mately correspond with the charging rate which it 
Would have if it were connected in Series with 
a resistance of Value G times R3 acroSS a direct 
voltage source of value G times the Voltage of the 
positive line, G being the gain of the valve W as 
an amplifier in the present circuit. The sweep 
of anode potential will therefore be very nearly 
linear. 
When the anode potential has fallen to about 
Wolt positive, the valve W becomes unable to 

maintain the charging current for condenser Cl. 
The potential of the control grid therefore rises 
abruptly to earth potential and diode D2 again 
passes current. The Screen current of Valve W 
rises rapidly to about 20 milliamps, causing a 
sharp fall of screen potential of about 100 volts. 
The potentials of all the electrodes of valve W 

now remain constant until current again begins 
to flow through diode D3. The period which 
elapses before this happeins is controlled solely 
by the charging circuit, of condenser C3 through 
resistor R5. From the tire when diode Di was 
cut off at the end of the firing puise, condenser 
C3 Will have been discharging, through resistor 
R5, exponentially from 12 volts positive towards 
150 volts negative. When its charge passes zero, 
diode D3 again becomes conductive and current 
in valve W is relatively gradually cut off. The po 
tential of the anode of Valve W then returns ex 
ponentially towards that of the positive line until 
it reaches the Value set by the slider on potenti 
ometer Rf. As current in valve W is cut off, the 
potential of the screen returns to that of the posi 
tive line. The circuit thus returns to the stable 
Condition. 

It Will be seen that the potential of terminal 
T2 has a slight abrupt fall at the commencement 
of the firing pulse applied to terminal i, and 
thereafter falls linearly almost to earth potential. 
The potential of terminal 3 undergoes a fall 
of about 5 volts at the commencement of the 
firing pulse and then remains nearly steady until 
that of terminal T2 has nearly reached earth 
potential; thereupon the potential of terminal 
T3 falls abruptly about 100 volts and then re 
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4. 
mains steady for a period determined by the 
discharging conditions of condenser C3. The re 
turn Strokes of the potentials of terminals T2 
and T3 towards the initial conditions are, how 
Ver, neither abrupt nor linear. 

If the gradual connencement of the voltage 
Step at terminal TS is objectionable, the output 
at this terminal may be passed through a limiter 
So that Only the latter part of the voltage step 
is employed. 

Figure 2 shows an alternative arrangement for 
Substitution in place of the elements DS and R6 
of Figure 1. The purpose of this arrangement is 
to limit the demand for power from the firing 
SOUrce which is connected to terminal Ti. In 
this arrangement resistor R5 and consenser C3 
are arranged to form a cathode load for a tri 
Ode Valve W2, and the firing pulses are applied 
frCYY terminal TA though condenser C2 to the 
grid of this valve. 
The Valve W2 is biased to cut-off when the cir 

Cuit is in its stable condition, just as valve V 
of Figure 1 is biassed to cut-off. The bias is 
provided by resistor R3, which will have ap 
proximately the same value as resistor R2; and 
it is applied to the grid through grid leak R.S. 
The firing pulses should be positive-going. 

When a firing pulse is applied, waive W2 is ren 
dered conducting and its anode current charges 
condenser C3. When condenser C3 is sufficiently 
charged for diode D3 to be cut off, time circuit 
Will Operate in the same manner as has already 
been described with reference to Figure 1. 
We cairn: 
1. A thernionic valve circuit for the genera. 

tion of potential Sweeps consisting of linear 
SWeepS and a TUpt steps, comprising a valve aim. 
plifier having a Cathode, an anode and a con 
trol grid, an output circuit including a source of 
CUrrent and a load impedance connected between 
the cathode and the anode of said valve, a neg 
ative feedback path froin the output to the in 
put of the valve conprising a differentiating inet 
Work having its input side connected between a 
point of constant potential and the anode of said 
Valve and its output side connected between tine 
Cathode and the control grid of the waive, a re 
sistor included in the connection between said 
differentiating inetwork and said control grid of 
the said valve, means to maintain a voltage drop 
acroSS Said resistOr So as to bias the valve to 
Cut-off in the absence of a firing pulse to initi 
ate a potential Sweep of the valve anode, and 
means responsive to a firing pulse to overconne 
Said bias to such a degree that valve current 
begins to flow and a potential sweep of the anode 
is initiated. 

2. A circuit according to claim wherein a 
rectifier is connected from the differentiating 
network end of said resistance to a source of 
potential slightly above the range of operating 
potentials of the input grid of the valve which 
are reached during a potential sweep of the valve 
anode. 

3. A circuit according to claim 1, wherein a 
rectifier is connected from the input-grid end 
of Said resistance to a Source of potential below 
the cut-off potential of the grid. 

4. A circuit according to claim 1 wherein a 
rectifier is connected from the input-grid end 
of Said resistance to a source of potential below 
the cut-off potential of the grid, and including 
an impedance coninected in Series with Said rec 
tifier, and means controlled by a firing pulse for 
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establishing a voltage across said impedance of 
a value to overcome the bias of said valve. 

5. A circuit according to claim 1 wherein a 
rectifier is connected from the input-grid end 
of said resistance to a source of potential below 
the cut-off potential of the grid, and including 
an impedance connected in Series With said rec 
tifier, and means responsive to a firing pulse for 
establishing a voltage across said impedance to 
Overcome the bias of said valve, said last-named 
means including a second thermionic valve hav 
ing cathode and grid elements, said firing pulses 
being applied to the grid of Said second valve, 
and said impedance is connected in the cathode 
lead of said second valve. 

6. A circuit according to claim 1 Wherein a 
rectifier is connected from the input-grid end 
of said resistance to a source of potential below 
the cut-off potential of the grid, and including 
an impedance connected in series with said rec 
tifier, and means responsive to a firing pulse for 
establishing a yoltage across said impedance to 
overcome the bias of said valve, said last-named 
means including a second thermionic valve hav 
ing cathode and grid elements, said firing pulses 
being applied to the grid of said second valve, 
and said impedance is connected in the Cathode 
lead of Said second Valve, and a connection from 
said impedance to the grid of said second valve 
for normally biasing said second valve to cut-off 
when the circuit is in its stable condition. 

7. A thermionic valve circuit for the genera 
tion of potential sweeps comprising a valve am 
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plifiers having a cathode, an anode and a con 
trol grid, a condenser having one terminal con 
nected to said anode, a series resistance connect 
ing the other terminal of said condenser to a 
point of constant potential, a second resistance 
connecting said other terminal of said condenser 
to the grid of said valve, a rectifier having a 
cathode, a connection including said rectifier 
and a series resistance for establishing a con 
ducting path from Said grid to a negative source 
of potential, a condenser connected between the 
cathode of Said valve and the cathode of said 
rectifier, and means controlled by firing pulses 
for charging said second condenser to impress a 
positive potential on the cathode of said recti 
fier with respect to the cathode of said valve. 

8. A circuit according to claim 7 and includ 
ing a second rectifier for establishing a conduct 
ing path between the junction of said first-men 
tioned series resistor and said first-mentioned 
condenser to the Cathode of said valve. 
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