









































































































































































































































































































































current through cathode resistor R3 raises the voltage at both
cathodes, immediately restricting the flow of plate current
through V1. As a result, the plate voltage of V1 begins to rise.
This increase is coupled via C1 to the grid of V2, raising the grid
voltage and hence the plate current of this tube still further.
This increase in V2 plate current, flowing through common-
cathode resistor R5, further reduces the plate current through V1,
cutting the tube off very quickly.

The second half-cycle, once begun, will continue indefinitely
unless retriggered by an outside voltage source. Thus, it will
usually last longer than the first half-cycle. The grid voltage
of V2 will rise momentarily to a slightly more positive value
than the cathode, but will then begin to acquire some grid-leak
electrons from the tube, preventing it from rising any further.
Throughout the second half-cycle, the two voltages will remain
close to the same value.

The different amount of plate current through each tube is
reflected by the waveform voltages at the two plates. When not
conducting, each tube plate will rise to the +250-volt supply
voltage. However, since V2 conducts more than twice as much
current as V1, and since R1 and R3 are equal in value, it follows
from Ohm’s law that the resulting voltage drop across R3 will
be more than twice the one across R1. Consequently, approxi-
mately 182 volts has been indicated at the plate of V1 during
the first half-cycle, as opposed to 100 volts for V2 during the
second half-cycle.
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Chapter 10

THYRATRON SAWTOOTH
GENERATORS

A thyratron differs from a vacuum triode in that it is filled
with an easily-ionized gas, rather than being evacuated. Under
certain conditions the gas will become ionized, when grid and
plate voltages are applied, and permit a very heavy electron
current to flow between cathode and plate.

An important characteristic of the thyratron is the inability
of its control grid to cut off the plate current—once a thyratron
begins to conduct, the only way it can be cut off is for the plate
voltage to be lowered almost to zero—15 or 20 volts is not ab-
normally low.

The schematic symbol is the same for a vacuum tube or thyra-
tron except for a dot within the tube envelope, as shown for the
thyratron in Figs. 10-1 and 10-2.

Thyratrons are capable of generating sawtooth-voltage wave-
forms (so named because of their shape) which are used for
sweeping the electron beam across the face of a cathode-ray tube
in an oscilloscope, radar set, or other application where it is
desired to gradually move the beam across the face of the tube
and then quickly return it to the starting point. Fig. 10-3 shows
the waveform generated at the plate.

The only significant current in this circuit crosses from cathode
to plate and could perhaps be called “plate current.” However,
its movement during the conducting and nonconducting period
of each cycle is quite different from the plate-current flow in a
vacuum tube. Let us start at the beginning, when the power
supply is turned on and applies a positive voltage to the plate.

In order for the plate voltage to rise from zero to the power-
supply voltage, free electrons must be drawn away from the
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plate of the tube, the upper plate of capacitor C1, and from any
component connected to the output. This is the charging process
and the amount of time it takes depends on the values of plate-
load resistor R1 and capacitor C1 in Fig. 10-1. R1 is very large,
several hundred thousand ohms; and C1 is 1,000 micromicro-
farads or so. The plate-voltage curve begins at zero and rises
exponentially toward the power-supply voltage, as shown in
Fig. 10-3. (An exponential curve is one which does not rise or
fall at the same rate from left to right.) The dashed-line portions
of the curves in Fig. 10-3 represent the voltage which would
exist at the plate if the charging process were completed.
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Fig. 10-1. Operation of the thyratron sawtooth-voltage generator—charging
half-cycle.

In a thyratron tube, the value of plate voltage at which the
gas “breaks down” or becomes ionized is called the firing voltage.
When this happens, the molecules of gas becomes ionized and
release their free electrons, and the interior of the tube becomes
filled with both positive ions and negative electrons. Attracted
by the positive voltage at the plate, the negative electrons flow
there in a steady stream and are replaced by other free electrons
emitted by the heated cathode.

The value of the firing voltage depends partly on the applied
grid-bias voltage, shown as a separate battery in Figs. 10-1
and 10-2. In a typical thyratron tube, this grid bias is on the
order of —5 volts, and the firing voltage at the plate is 75 to
100 volts.

Once the tube begins to conduct, it delivers electrons to the
plate much faster than high-value plate-load resistor R1 can
pass themn. The electrons accumulate on the upper plate of ca-
pacitor C1 and reduce its charge to a very low positive voltage,
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as depicted in Fig. 10-2. The charged capacitor is now said to
be “discharging through the tube.” Strictly speaking, the capaci-
tor is not discharging through the tube, but its positive voltage
is being discharged because the tube supplies a large number
of free electrons (in the form of plate current) to the capacitor.
This discharging process occurs in only a tiny fraction of the
time required for the charging process, as shown by Fig. 10-3.

Once the gas has been ionized, the grid can no longer control
the flow of current. Now it can only be stopped by reducing the
plate voltage to a very low value—on the order of 15 or 20 volts.
This might be called the “cutoff”’ voltage for a thyratron.
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Fig. 10-2. Operation of the thyratron sawtooth-voltage generator—discharg-
ing half-cycle.

The exponential charging curve is almost a straight line in the
low plate-voltage regions, between the cutoff and firing voltages.
This area, referred to as the linear portion of the curve, is where
the sawtooth voltage is generated.

As in any tube, the current must have a closed path leading
back to the cathode. In Figs. 10-1 and 10-2, the complete path is
from cathode to plate, through the load resistor and power supply
to ground, and back to the cathode.

The much shorter discharge half-cycle makes the thyratron an
ideal sweep generator. After the beam has been swept across the
face of the screen, it must be retraced as quickly as possible or
the viewer will see a flickering picture. The short discharge period
is normally used for retrace, so that the beam will be out of action
as briefly as possible.

A filter current, shown in green, flows between the lower plate
of capacitor C1 and ground. In Fig. 10-1 the current flows upward
because of normal capacitor response to the voltage changes at
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Fig. 10-3. Sawtooth output voltage generated at plate of thyratron gen-
erator.

the plate of the tube, but is driven downward in Fig. 10-2 by the
plate-current electrons flowing onto the upper plate.

Obviously, a high positive value of plate-supply voltage con-
tributes to greater linearity of the charging half-cycle, whereas
a lowered value would lead to greater curvature in the discharge
curve.
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INDEX

A

Alternating RF currents, TPTG
oscillator, 64-68

Amplitude stability, pentode
tube, 78

Atom, construction of, 8-9

Audio frequency oscillator, 83

Autotransformer action, Hart-
ley oscillator, 48

B

Bias, Colpitts oscillator, 59-60
definition of, 112
grid-leak, 38

desirable discharge time, 38

thyratron, 116

Blocking oscillator, 93-101
feedback in, 93
frequency control, 98
grid voltage, 97
output coupling, 100-101
synchronization of, 98-99
transformer action, 93-96
unsynchronized, 97

C

Capacitance, 10-13
formula for, 13

Capacitance—cont’d

-inductance combinations,

21-26

interelectrode, 14, 36
Capacitor, check of, 11-12

construction of, 13-14

dielectric of, 14

filter, 70

purpose of, 91-92

properties of, 13

working voltage of, 14
Capacitive reactance, 14, 40
Choke, radio frequency, 55
Class-C operation, 38
Classification, of oscillators, 7-8
Coils; also see Inductors

inductance of, 20-21
Colpitts oscillator, 53-61

bias voltage, 59-60

feedback current in, 58

grid-driving current, 54-35,

59-61

grid-leak current, 58-59

plate current, 55, 58

tank current, 54, 58
Condenser; see Capacitor
Conductors, characteristics of, 9

electron movement in, 9-10
Constant, dielectric, 14

time, 38-39, 60-61

119



Construction, capacitors, 13-14
inductors, 19-21
Coulomb’s law, 30-31, 69
Counter emf, 18
Coupling, inductive, 15-18
output, blocking oscillator,
100-101
TPTG oscillator, 67
Crystal, properties of, 33-34
Q of, 41
voltage swing for, 38
Crystal current, 37
Crystal oscillator, 33-42
feedback current, 36-37
feedback voltage, 40
plate current, 35
tank circuit, 40-41
Current, crystal, 37
electron, definition of, 9
feedback, Colpitts oscillator,
58
crystal oscillator, 36-37
electron-coupled oscillator,
74
Hartley oscillator, 44, 48-51
TPTG oscillator, 64, 67-72
filter, phase-shift oscillator,
91-92
grid-driving, Colpitts oscilla-
tor, 54-55, 59-61
TPTG oscillator, 67-68
grid-leak, Colpitts oscillator,
58-59
electron-coupled oscillator,
75-76
Hartley oscillator, 48
TPTG oscillator, 68-70
grid tank, electron-coupled
oscillator, 74
in crystal oscillator, 35
in capacitor, 12-13
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Current—cont’d
in inductor, 15-19
oscillating, crystal oscillator,
36
plate, Colpitts oscillator,
55-58
Hartley oscillator,
48, 49, 50
phase-shift oscillator, 84
TPTG oscillator, 68, 70
screen-grid, electron-coupled
oscillator, 75, 78-81
phase-shift oscillator, 91-92
tank, Colpitts oscillator,
54, 58
electron-coupled oscillator,
75-76, 81
Hartley oscillator, 44-47
TPTG oscillator, 64-68
through inductor, 81
thyratron, 115

D

Damping, 25-26
Decoupling, power supply, 70
Definition, bias, 112
Class-C operation, 38
current, 9
harmonic oscillator, 7
nonsinusoidal, 7
oscillator, 7
sinusoidal waveform, 7
squegging, 39
time constant, 30
voltage, 9
Dieleectric constant, 14
Dielectric strength, 14
Divider, voltage, 78-79
Drift, electron, principle of, 8-9



E

Eccles-Jordan multivibrator,
110-114
Electron, drift principle of,
7-8
flow, in capacitor, 11
free, 8-9
movement in conductor, 9-10
Electron-coupled oscillator,
73-81
advantages of, 76
feedback current, 74
grid-leak current, 75-76
grid-tank current, 74
plate and grid isolation, 76
plate tank current, 75-76, 81
screen-grid, purpose of, 77
screen grid current, 75, 78-81

F

Feedback, blocking oscillator,
93
erystal oscillator, 35
TPTG oscillator, 63
Feedback current, Colpitts
oscillator, 58
crystal oscillator, 36-37
electron-coupled oscillator,
74
Hartley oscillator, 44, 48-51
TPTG oscillator, 64, 67-72
Feedback voltage, crystal
oscillator, 40
Filter, power supply, 70
Filter current, phase-shift
oscillator, 91-92
Firing voltage, thyratron, 116
Flip-flop circuit, 110
Flux lines, 23

Force, magnetic lines of, 22-23
Formula, capacitance, 13
capacitive reactance, 14, 40
inductance, 20-21
inductive reactance, 19
Q, of circuit, 25
resonant frequency, 25, 45
derivation of, 40-41
time constant, 30
Free electrons, 8-9
Free-running multivibrator,
103-110
Frequency, definition of, 23
operating, determination of,
40-42
multivibrator, 104
resonant, 40-41
formula for, 45
Frequency control, blocking
oscillator, 98
Fundamentals, electrical, 8

G

Gas-filled tubes, 115-117
Grid-driving current, Colpitts
oscillator, 54-535, 59-61
TPTG oscillator, 67-68
Grid-leak bias, 38
Grid-leak current, Colpitts
oscillator, 58-59
electron-coupled oscillator,
75-76
Hartley oscillator, 48
multivibrator, 109
TPTG oscillator, 68-70
Grid resistor, size limitations,
39
Grid tank current, electron-
coupled oscillator, 74
Grid voltage, phase-shift
oscillator, 84
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H
Harmonic oscillators, types of,
7
Hartley oscillator, 43-51
feedback current in,
44, 48-51
grid-leak current, 48
plate current, 48, 49, 50
tank current, 44-47

I

Inductance, 14-21
formula for, 20-21
self, 18-19
-capacitance combination,
20-21
Insulators, characteristics of, 9
Inductor, construction of, 19-21
inductance of, 20-21
properties of, 15
Inductive reactance, 19, 40, 55
Inductive tuned circuit, 40, 71
Interelectrode capacitance,
14, 36
Ionization, thyratron tube, 116
Isolation, plate and grid, elec-
tron-coupled oscillator,
76

K
Kirchhoff’s law, 78

L

Law, Coulomb’s, 30-31, 69
Kirchhoff’s, 78
Obm’s, 31, 69
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L-C circuits, 21-26
Loading, grid circuit, 61
Long time-constant, 27-28, 29-31

M

Magnetic lines of force, 22-23
Multivibrator, 103-114
circuit description, 104-110
Eceles-Jordan, 110-114
free-running, 103-110
pulse repetition frequency,
104

N

Network, phase shifting, 86-90
Nonharmonic oscillators, 7, 8
Nonsinusoidal oscillators, 7
Nucleus, of atom, 8-9

0

Ohm’s law, 30, 69
One-shot multivibrator, 110-114
Operating frequency determi-
nation of, 41-42
Oscillating current, crystal os-
cillator, 36
Oscillations, in L-C circuit,
22-23
Oscillator
blocking, 93-101
feedback in, 93
frequency control, 98
grid voltage, 97
output coupling, 100-101
synchronization of, 98-99
transformer action, 93-96
unsynchronized, 97
classification of, 7-8



Oscillator—cont'd
Colpitts, 53-61
bias voltage, 59-60
feedback current in, 58
grid driving current,
54-55, 59-61
grid-leak current, 58-59
plate current, 55, 58
tank current, 54, 58
crystal, 33-42
feedback current in, 36-37
feedback voltage, 40
oscillating current in, 36
plate current in, 36
tank circuit, 40-41
definition of, 7
electron-coupled, 73-81
advantage of, 76
grid-leak current, 75-76
grid-tank current, 74
feedback current, 74
plate and grid isolation, 76
plate tank current, 75-76,
81
screen-grid, purpose of, 77
screen-grid current, 75, 78-
81
Hartley, 43-51
feedback current in,
44, 48-51
tank current, 44-47
harmonic, 7
nonharmonic, 7, 8
nonsinusoidal, 7
phase-shift, 83-92
filter current, 91-92
grid voltage, 84
phase-shift network, 86-90
plate current flow, 84-85
screen-grid current, 91-92
relaxation, 8

Oscillator—cont’d
sinusoidal, 7
TPTG, 63-72
feedback current, 64, 67-72
grid-driving current, 67-68
grid-leak current, 68-70
plate current, 68, 70
tank circuit tuning, 71-72
tank current, 64-68
tank voltage, 66
unidirectional currents,
68-70
Output coupling, blocking os-
cillator, 100-101

|

Pentode tube, advantages of,
77-78
Phase relationships, 40
Phase shift, R-C network,
86-90
Phase shift oscillator, 83-92
filter current, 91-92
grid voltage, 84
phase-shift network, 86-90
plate current flow, 84-85
screen-grid current, 91-92
Piezoelectric effect, 33-34
Plate current, Colpitts oscilla-
tor, 55, 58
crystal oscillator, 35
Hartley oscillator, 48, 49, 50
phase-shift oscillator, 84-85
TPTG oscillator, 68, 70
Plate tank current, electron-
coupled oscillator, 75-
76, 81
Power supply decoupling, 70
Protons, characteristics of, 9
Pulse repetition frequency,
blocking oscillator, 98
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Q
Q, circuit 25
crystal, 41
tuned circuit, 41
Quality, tuned circuits, 25

R

Radio-frequency choke, 55
R-C circuits, 26-31
R-C combination, selecting
suitable values, 61
R-C oscillator, 83
R-C phase shifting networks,
86-90
R-C time, 30
Reactance, capacitive, 14, 40
inductive, 19, 40, 55
Relaxation oscillators, 8
Resistor, decoupling, 70
grid, size limitations, 39
purpose of, 10
Resonance, 21-22
Resonant frequency
formula, 25, 45
derivation of, 40-41

S

Sawtooth generator, thyratron,

115-118
Screen filter, purpose of, 92
Screen-grid current, electron-
coupled oscillator, 75,
78-81
phase-shift oscillator, 91-92
Self inductance, 18-19
Short time-constant, 28-29
Sinusoidal, definition of, 7
Squegging, cause of, 39
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Storage, voltage, 38-39

Strength, dielectric, 14

Synchronization, blocking
oscillator, 98-99

T

Tank circuit, crystal oscillator,
40-41
tuned inductive, 40-41
tuning of, 71-72
Tank current, Colpitts oscilla-
tor, 54, 58
Hartley oscillator, 44-47
TPTG oscillator, 64-68
Tetrode tube, 81
Thyratron, characteristics of,

115-117

Thyratron sawtooth generator,
115-118

Time constant, 26-31, 38-39,
60-61

formula for, 30
lengthening of, 39
long, 27-28, 29-30
multivibrator circuit, 106-108
short, 28-29
TPTG oscillator, 63-72
feedback current, 64, 67-72
grid-driving current, 67-68
grid-leak current, 68-70
plate current, 68-70
tank circuit tuning, 71-72
tank current, 64-68
tank voltage, 66
unidirectional current, 68-70
Transformer; see Inductor
Transformer action, 15-18
blocking oscillator, 93-96
Trigger pulse, blocking oscil-
lator, 98-99



Trigger pulse—cont’d
Eccles-Jordan multivibrator,
112
Tube, pentode, advantages of,
77-78
tetrode, 81
Tuned-plate-tuned-grid;
see TPTG
Tuning, inductive, 40, 71
tank circuit, 71-72

A\

Voltage, across capacitor, 12
bias, Colpitts oscillator,
59-60
definition of, 9
feedback, crystal oscillator,
40

Voltage—cont’d
firing, thyratron, 116
grid-leak, desirable discharge
time, 39
storage of, 38-39
swing, crystal, 38
transformer secondary, 18
Voltage divider, 78-80
Vector relationships, 89

W

Water tank analogy, R-C cir-
cuits, 26-31

Waveform, classification of, 7

Working voltage, of capacitor,
14
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