





(2)

radio for information about the posi-
tions of friend and enemy, and also
general information such as weather
reports.

Pressing down a telegraph key causes
a current to flow through the tele-
graph circuit. This current operates a
sounding device at the receiving end.
In radiotelegraphy pressing down the
key also induces a current to flow
through a sounding device in the re-
ceiver. In the telegraph circuit, the
voltage is supplied by the battery, and
the current is transmitted by means
of wires. In the radio-telegraph cir-
cuit, the energy is supplied by a pro-
ducer of radio waves, and the radio
waves are transmitted through space
by means of electromagnetic fields.

¢. RADIATION.

(1)

(2)
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An alternating current flowing in a
wire radiates energy into the space
around it. This radiation is in the
form of an electromagnetic field. If
this wire forms the primary of a trans-
former, then the secondary of the
transformer is cut by the magnetic
lines of force which are part of the
electromagnetic field. The magnetic
lines of force expand and contract be-
cause of the alternating current in the
primary. These magnetic lines, mov-
ing back and forth across the second-
ary, induce an alternating voltage in
the secondary. Consequently, an alter-
nating current flows in the secondary
winding. It is this principle which is
used in radio communication.

If the primary of the transformer is
replaced by a transmitting antenna
and the secondary by a receiving an-
tenna, the result is a radio circuit. An
alternating current through the trans-
mitting antenna induces an alternat-
ing current in the receiving antenna
by means of the electromagnetic field.
If this radio circuit is keved in the
same manner as the telegraph circuit
just described, dots and dashes of cur-
rent are induced in the receiving an-
tenna.

CURRENT

—+——— CURRENT —

(3)

Figure 123 shows the current wave-
forms at the receiver when the letter
C is transmitted. In A, the letter is
sent by telegraph, in B, by radio. The
telegraph current is simply dec sup-
plied by the battery and turned on and
off by the key. The radio current is al-
ternating current (actually rf) sup-
plied by the transmitter and turned on
and off by the key. When the dash is
sent by radio, 6 cycles of ac flow in
the receiver antenna. When the dot is
sent, 2 cycles of ac flow.

+
DASH DOT DASH DOT
(o} I—I I_I
TIME ———
TELEGRAPH A

RADIO B

TM 662-i32

Figure 123. Current waveforms for code letter C.

d. MODULATION.

(1)

(2)

The human voice or other sounds can
be transmitted by wire. This is the
simple telephone system. The tele-
graph key is replaced by a device
which changes voice vibrations to cur-
rent variations. The changing current
operates a mechanical system in the
receiver which reproduces the original
voice vibrations, If a single sound is
emitted at the transmitting end, the
current through the wire varies at
the frequency of the sound.

In the telephone system, only a varia-
tion in current produces a sound at
the receiver. When no sound is being
transmitted, the current is simply
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gsome d-c value. Consequently, when
the single sound is transmitted, the
current through the receiver has the
form shown in A of figure 124. Since
a sound varies at some audio-fre-
quency rate, the current varies at the
same audio-frequency rate.

<SILENCE>r<—— SINGLE SOUND ———><— SILENGE

|

— /NN
i

l€— DG —»l«—— VARYING DC ———>«—— DG

TIME —>

TELEPHONE A

* SILENCE*(—-—-— SINGLE SOUND —»r<«— SILENCE

JOmA e

I Tl
__u.u_vu,uvvuvvuuvv Il

F —>t€¢—————VARYING RF ——>¢—— RF

RADIO B

I

‘—_'—'
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Figure 124. Transmission of single sound.

(3) It can be said that the direct current
flowing continually through the system
is made to carry the sound signal from
the transmitter to the receiver. The
carrier does not produce any sound at
the receiver unless it is varied by a
sound at the transmitter. In the tele-
graph system, the direct current itself
carries information in the form of dots
and dashes. This is no longer true in
the telephone system.

The sound causing the variation in
carrier current flow is known as the
modulating signal. A carrier on which
modulation has been imposed is a mod-
ulated carrier, which carries informa-
tion in the form of audio-frequency
variations, usually produced by voice.
A voice-modulated radiotelephone sys-
tem functions in the same manner as
the telephone system just described.

(4)

(5)
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(6)

The alternating current in the trans-
mitting antenna is modulated by the
sound at the audio-frequency rate. The
alternating transmitter current is the
carrier. In radio transmission the fre-
quency of this transmitter current is
called the radio frequency, or rf. The
frequency of the modulating signal is
the audio frequency, or af. The radio-
telephone carrier is referred to as the
r-f carrier.

A current induced by a modulated r-f
carrier in a receiving antenna is shown
in B of figure 124. This r-f carrier is
said to be amplitude-modulated be-
cause the sound variation results in
changes in the amplitude of the rf. If
the r-f amplitude is constant, the re-
ceiver is silent. It can be seen that the
amplitude variations of the carrier oc-
cur at the audio-frequency rate of the
modulating signal.

e. DEMODULATION.

(1)

(2)

a. In

nal is

Unlike the modulated telephone car-
rier, the modulated r-f carrier cannot
be used directly to reproduce the
sound. The telephone carrier is always
some d-¢ value, whether it is modu-
lated or unmodulated. The r-f carrier,
on the other hand, is always some a-c
value. Consequently, the r-f carrier
must be changed to dc before it can
be used. The process of changing ac
to de is the process of rectification.

When ac is changed to de¢ for the pur-
pose of obtaining d-c power, the proc-
ess is called power rectification. When
a modulated r-f carrier is changed to a
d-c signal, the process is calted signal
rectification. Since the signal is im-
posed on the carrier by a process called
modulation, the removal of this signal
is ealled demodulation, or more com-
monly, detection. Circuits which ac-
complish signal rectification are called
signal rectifiers or detectors.

106. Detection

power rectification, after the a-c sig-
rectified, it is filtered to obtain a
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fairly constant value of de. In signal rectifica-
tion, the modulated r-f carrier also is rectified
and filtered, to obtain a de varying at the audio-
frequency rate of the original sound. This de
varying at an a-f rate then is used to reproduce
the original sound.

b. In paragraph 102, a half-wave diode recti-
fier circuit was used for power rectification.
The tube, a device having the characteristic of
unilateral conductivity, performed the function
of rectification. The capacitor across a load
resistor performed the function of filtering.
This circuit can be used in the same manner
to accomplish signal rectification. When the
circuit is used for signal rectification, it is
called a half-wave diode detector.

107. Diode Detector

a. HALF-WAVE DI10DE DETECTOR.
(1) The purpose of this circuit (fig. 125)
is to convert the modulated r-f carrier
to a direet current varying at the a-f
rate of the original modulating sound.
(2) The amount of current flow induced
in the receiver antenna by the r-f sig-
nal is small. Consequently, several
stages of r-f amplification often pre-
cede the detector. The output of the
last r-f amplifier usually is trans-

R-F pet
AMPLIFIER AT
ouTPUT A
HALF-WAVE DIODE DETECTOR
4000 GPS L 128KC
+
4 A-F RIPPLE 1 "1™ "R-F RIPPLE
=) :
-
]
g o
3 DETECTOR OUTPUT
TIME — B
TM662-134

Figure 125. Half-wave diode detector circuit.
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(3)

(4)

(5)

former-coupled to the detector circuit.
The diode rectifies the rf by allowing
current to flow on every other half-
cycle only. This results in a unidirec-
tional current flow through R;.

If an unmodulated r-f carrier is ap-
plied to the detector, the output is
similar to the output of the power rec-
tifier with an a-c¢ input. The rf is rec-
tified by the diode and filtered by the
capacitor. The result is a relatively
smooth de with a ripple varying at the
r-f rate.

If a modulated r-f earrier is applied to
the detector, the rf is rectified and fil-
tered as before. However, the result-
ant d-c output has two ripples, shown
in B. One ripple is caused by the rf,
the other by the af. The r-f carrier
frequency is 128 ke, and the single
modulating sound is at an audio fre-
quency of 4,000 cps. For all practical
purposes, this waveform can be con-
sidered as dc varying at the a-f rate
of the original modulating sound.

This waveform can be used to operate
headphones, as was the practice in the
early days of radio. Modern receivers,
however, apply this waveform through
a stage of a-f amplification to a loud-
speaker. This enables the sound to
be heard by more than one listener.

b. TUBES USED.

(1)

(2)

In modern receivers, the diode used in
the detector stage sometimes is incor-
porated with another stage as a multi-
unit tube. Diode-triode combinations
such as the 1H5-GT and 1LH4 are
used in Dbattery-operated receivers.
Diode-pentodes 1N6-G, 185, and 6SF7
are used also.

The diode is found also in other com-
binations. In the duo-diode-triode type,
of which there are about twenty ex-
amples in the tube manual, the two
diode plates frequently are connected
to serve as a half-wave diode detector.
Other multiunit types which incor-
porate diode detectors include the duo-
diode-pentode combination, examples
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of which are the 6B7, 7TR7, and 12C8.
The duo-diode type 6H6 frequently is
used also in the detector stage.

¢. FULL-WAVE DiobkE DETECTOR. The full-
wave diode detector is related to the half-wave
in the same manner that the full-wave power
rectifier is related to the half-wave. The ad-
vantages of the full-wave over the half-wave
detector, however, are not great enough to jus-
tify the enlarged circuit. This is particularly
true since power output is only a minor con-
sideration in a detector circuit. Consequently,
the full-wave detector is used rarely.

108. Other Types of Detectors

. GENERAL.

(1)

(2)

All electron tubes have the charac-
teristic of wunilateral conductivity.
Consequently, any one of them can
serve as a rectifying device. Combined
with a filter, a triode, for example, can
serve as a detector in the same manner
as the diode detector.

A diode, having no grid, cannot am-
plify a signal. As a matter of fact, the
output taken from a diode stage is
less than its input. This disadvantage
is overcome by using a tube with a
grid, such as a triode or pentode. The
signal is not only detected, but also,
is amplifed in one stage. In early re-
ceivers, this arrangement was neces-
sary because of the lack of r-f ampli-
fication. As much gain as possible
had to be achieved.

b. GRID-LEAX DETECTOR.
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(1)

The operation of the grid-leak detec-
tor (fig. 126) is similar to that of the
half-wave diode detector. The signal
voltage applied to the grid of the tri-
ode tube is alternately positive and
negative. Grid current flows during
the half-cycles in which the grid is
positive with relation to the cathode.
During the negative half-cycles, no
grid current flows. As a result, a uni-
directional pulsating direct current
flows through R, Capacitor C, serves
as a filter to smooth the r-f pulses. A
d-¢ voltage is produced across R,

R-F
AMPLIFIER
OUTPUT

Cg
Rp T
Rg A'F
AMPLIFIER
_t o INPUT
7\ Cor~ |+
% L
TM 662-135

Figure 126. Circuit of grid-leak detector.

(2)

(3)

(4)

which varies at an audio rate just as
in the case of the diode detector.

The a-f voltage across the grid resistor
now can be used as a signal voltage
for the triode amplifier. As a result,
an amplified a-f signal appears in the
plate circuit of the grid-leak detector.
Capacitor C is an additional r-f filter.

The grid-leak detector operates as a
square-law device. A square-law de-
tector is one whose characteristic
curve is entirely nonlinear. The a-f
output voltage varies as the square
of the r-f input voltage. In the diode
detector, by comparison, the output
varies directly with the input.

The development of higher-gain r-f
amplifiers led to the replacement of
the grid-leak detector by the half-wave
diode detector. The diode detector dis-
torts the a-f signal much less than the
grid-leak detector.

¢. PLATE DETECTOR (fig. 127).

(1)

(2)

This circuit usually is known as a
plate detector because detection occurs
in the plate circuit. The operation of
the circuit is somewhat similar to that
of a class B amplifier. Although cath-
ode bias, provided by E,, cannot bias
a tube to plate-current cut-off, opera-
tion at the lower end of the dynamic
characteristic is possible.

Normal plate current flows during the
positive half-cycles of the input sig-
nal voltage. However, most of the
negative half-cycles are cut off. As a
result, a unidirectional plate current
flows. The average value of this cur-
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Figure 127. Diagram of plate detector.

rent varies in accordance with the a-f
variations. Capacitor C acts as an r-f
filter.

d. INFINITE-IMPEDANCE DETECTOR.

(1) If the plate of the plate detector is con-
nected directly to B plus, and the out-
put is taken across the cathode net-
work, the result is an infinite-imped-
ance detector. Although there is mno
amplification of the signal in this cir-
cuit, it has the advantages of good
reproduction of the a-f signal for large
inputs.

(2) The modulated r-f signal varies the
d-c plate current through the tube.
This current returning through the
cathode network is filtered by C;, and
the current passing through R, is dc
varying at the a-f rate with a negli-
gible r-f ripple.

e. TUBES USED. Any typical triode or pentode
can be used in the circuits discussed in this
paragraph. When a pentode is used, its sup-
pressor is connected to the cathode, and its
screen grid is connected to B plus through a
suitable dropping resistor. A capacitor usually
is connected from screen grid to ground in order
to bypass rf and keep the screen grid at zero
potential with relation to the signal voltage.

109. Detector Characteristics

a. GENERAL.

(1) Detectors can be rated according to
four general characteristics: sensitiv-
ity, linearity, selectivity, and signal-
handling ability.
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(2) If some output is chosen as a refer-
ence, the signal input necessary to ob-
tain this output gives the sensitivity of
a detector. A detector stage providing
some measure of amplification has
greater sensitivity than one providing
no amplification.

(3) The amount of distortion in the a-f
signal as compared with the original
sound is a measure of the linearity of
a detector. A nonlinear device results
in the greatest distortion of the a-f
signal.

(4) In the detector circuits shown, the in-
put consisted of a tuned ecircuit ad-
justed to the frequency of the r-f car-
rier. The sharpness with which this
circuit can be tuned determines the
selectivity of the detector. Selectivity
in a detector depends on the current
drawn from the input circuit. The
lower this current the greater is the
selectivity.

(5) Signal-handling ability is an indica-
tion of the amount of signal amplitude
that can be handled without overload-
ing the circuit or producing improper
operation. If the detector ecan handle
a large signal and operate properly, it
has good signal-handling ability.

b. COMPARISONS. In the tabulation below, a
comparison is made between the qualities of the
various detectors discussed. For weak input
signals, the grid-leak detector is obviously the
best detector to use because of its high sensi-
tivity, and despite its poor linearity. With effi-
cient r-f amplifiers, the most popular detector
is the half-wave diode circuit. This detector
combines good linearity, high signal-handling
ability, and simplicity, resulting in its almost
universal use in modern receivers. The use of
the infinite-impedance detector is not common.

Signal-
handling
Detector Sensitivity | Linearity Selectivity ability
Diode ... _____ low good poor high
Grid-leak ___- high poor poor limited
Plate_ ______. medium | fair good medium
Infinite- low good good high
impedance.
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Section 11l. SUMMARY AND REVIEW QUESTIONS

110. Summary

a. The transformation of a-c power to d-c
power is called power rectification.

b. A circuit accomplishing power rectifica-
tion is called a power rectifier, or a power
supply.

¢. The output of the power supply used for
the plate voltage of an electron tube is desig-
nated by the letter B. The positive terminal is
B plus, the negative terminal B minus.

d. Power rectification is accomplished by rec-
tifying and filtering the a-c input. The output
is dec.

e. A crystal, such as germanium, can be used
to rectify ac because of its characteristic of uni-
directional conductivity.

f. A suitably chosen capacitor acts as a filter
when placed across the rectifier output load.
With a good filter, ripple amounts to less than
5 percent of the total rectified current.

g. An electron tube has the characteristic of
unilateral conductivity and can be used as a
rectifying device.

h. The half-wave diode rectifier utilizes only
one-half of the a-c input wave.

1. Two half-wave rectifiers can be combined
to utilize both halves of the a-c input wave. Such
a circuit is known as a full-wave rectifier.

7. Information can be transmitted over a
telegraph system by means of a code consisting
of dots and dashes. The dots and dashes are the
result of opening and closing the telegraph
circuit.

k. Dots and dashes can be sent in the form of
radio waves by keying a radio transmitter.

l. Current is induced to flow in a receiving
antenna by the electromagnetic field radiated
by the transmitting antenna.
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m. Radio ean transmit sound by modulating
the r-f current producing the radiated electro-
magnetic field. The r-f current is known as the
carrier.

#. The modulated r-f carrier must be demod-
ulated in order to reproduce the original sound
at the receiver.

0. Demodulation is signal rectification. More
frequently, it is called detection.

p. Detection consists of rectifying the modu-
lated r-f carrier and filtering the rf.

q. The half-wave diode detector censists of
a diode rectifier and capacitive filter. This
detector is used almost universally in modern
receivers.

7. The grid-leak detector is a square-law de-
vice whose sensitivity is good.

111. Review Questions

a. How is d-c power obtained from an a-c
line?

b. What are the two steps in power rectifi-
cation?

¢. Draw the circuit of a typical full-wave
power rectifier.

d. What are the advantages of full-wave as
compared to half-wave power rectification?

e. What is modulation?

f. Compare signal to power rectification.

¢g. Draw and explain the operation of a half-
wave diode detector.

h. Why is a triode used in the plate detector
circuit?

1. Compare the grid-leak detector to the diode
detector.

j. Compare the plate detector to the diode
detector.

AGO 2244A



CHAPTER 9
OSCILLATORS

112. Introduction

A-c generators supplying current at line fre-
quencies are devices which produce oscillations
mechanically. The frequency at which the cur-
rent oscillates depends, among other factors, on
the speed of the generator. Special a-¢ genera-
tors have been designed to operate at frequen-
cies as high as several hundred kilocycles. How-
ever, this frequency is not high enough for most
types of communication. Because of the high
frequencies required, a nonmechanical system
is needed to produce the oscillations which form
the carrier. Electron-tube circuits have been
designed to fulfill this function. These circuits
are called oscillators. There are several basic
circuit arrangements which produce oscilla-
tions.

113. Conditions for Oscillation
(fig. 128)

a. L-C CIRCUIT.

(1) If C, a charged capacitor, is placed
across L, an inductor, the capacitor
discharges through the inductor, as
shown in A. The capacitor acts as a
source of emf (electromotive force)
and forces current through the circuit.
The flow of current through L creates
a magnetic field about the coil. This
magnetic field opposes the rise in cur-
rent through the circuit. As C dis-
charges, the current reaches a maxi-
mum and then declines. Between the
time the current is 0 and the time the
current is maximum, the magnetic
field builds up. In other words, energy
is stored in the magnetic field.

(2) When the capacitor is discharged, the
current attempts to fall to 0. This
attempted change in current flow is
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(3)

(4)

(5)

(6)

opposed by the inductance. The mag-
netic field now acts as a source of emf
and continues to force current through
the circuit in the same direction, as
in B. This current serves to charge
the capacitor to a voltage whose po-
larity is opposite to the polarity it had
when it was first placed in the circuit.
As the magnetic field collapses, the
current slowly falls to 0.

The capacitor, in C, now discharges
in the opposite direction, reversing the
original path of current flow. This
current flow again is opposed by the
inductor, which builds up a magnetie
field opposite in direction to the orig-
inal magnetic field. The current
reaches a maximum and then declines.

When the capacitor has discharged,
the current attempts to fall to 0. This
change is opposed by the inductor,
which uses the energy stored in the
magnetic field to prevent the current
from dropping to 0 at the instant the
capacitor is discharged. Therefore,
the current is sustained, and it serves
to charge the capacitor to a voltage
whose polarity is the same polarity
that it was originally, as shown in D.

The entire process now is repeated for
as long as energy remains in the cir-
cuit. The current in the L-C circuit,
in E, has the form of a sine wave. It
has changed from 0 to a maximum in
one direction, through 0 to a maximum
in the opposite direction, and back to
0. Several cycles of output are shown
in F.

The output described above is possible
only in an L-C circuit which loses no
energy. If any resistance is present
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Figure 128. Oscillatory current in an L-C circuit.

in the circuit, energy is lost in the
form of heat. Because no actual L-C
circuit is free of resistance, the cir-
cuit can be represented as in A, fig-
ure 129. The resistance of R is the d-c
resistance of the wire forming the coil,
plus the leakage resistance of the ca-
pacitor, plus the resistance of the con-
necting leads.

In the ideal L-C circuit, energy is
transferred back and forth between
the inductor and the capacitor without
loss. In the actual R-L-C circuit, each
transfer of energy involves a loss. The
current which accomplishes the trans-
fer of energy must pass through R,
and each time the current flows, a part
of the energy is dissipated. Conse-
quently, less and less energy is trans-
ferred on each succeeding alternation
of current fiow. This means that the
oscillations die out as the energy is
dissipated by the resistance. The cur-

) <— CURRENT(I)—- 4

VA
TIME—>
B
TM 662-138

Figure 129. Damped oscillatory current in R-L-C

cércutt.
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rent in the R-L-C circuit is shown in
B. Note how the amplitude of each
succeeding alternation is decreased.
This is known as a damped oscillatory
current.

b. ENERGY.

(1)

(2)

If a fully charged capacitor is substi-
tuted for C on each cycle, the oscilla-
tions can be sustained. In other words,
if the circuit can be supplied with suffi-
cient energy to make up for the re-
sistive loss, the current continues to
oscillate so long as the extra energy is
supplied.

This extra energy, however, must be
injected into the circuit so that it aids
the flow of current. The current flows
in one direction for a time, then in the
other direction. Consequently, the
source of energy must cause current
to flow in the right direction and- at
the right time. The source, therefore,
must be an emf producing a current
of the same frequency and time rela-
tions as the oscillatory current. This
current must also be large enough to
replenish the energy loss. Energy of
this nature can be obtained from a
similar R-L-C circuit. How this is done
is described below.

¢. AMPLIFIER.

(1)
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A of figure 130, shows a transformer-
coupled triode amplifier. R, and Cy
provide the tube with the proper bias
for class A operation. A signal ap-
plied to the input circuit, L1-Cl, is
coupled to the grid circuit, L2-C2, by

the transformer action of L1 and L2.
A signal at the grid of the triode causes
a variation in plate current. The cur-
rent flowing in the plate circuit flows
through L3-C3, from which the signal
is coupled to the input circuit of the
next stage, L4-C4. The resistance as-
sociated with each of these L-C cir-
cuits is not shown, but it is assumed
to exist.

(2) The output of an amplifier is larger

than its input. If an oscillatory cur-
rent is made to flow in the grid circuit
by means of a signal applied at the in-
put, an oscillatory current of larger
amplitude flows in the plate circuit.
If only 1 cycle of input is applied, the
signal at the grid is the result of a
damped oscillatory current in the L2-
C2 circuit. This causes a damped oscil-
latory current of larger amplitude in
the plate circuit.

d. FEEDBACK.
(1) Both the grid and the plate circuits

consist of L-C circuits, as described
previously. By a process known as
feedback, it is possible to take energy
from the plate circuit and couple it
back to the grid circuit.

(2) In considering the energy relations in

an L-C circuit, it was noted that oscil-
lations die out if energy is not supplied
to replenish the losses. It also was
noted that, if the signal input to the
amplifier is limited to 1 cycle, a
damped oscillation occurs in the grid
circuit which is amplified in the plate

INPUT —~ LI
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CONTROL GRID

i

TM 662-139

Figure 130. Transformer-coupled triode amplifier.
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circuit. This damped oscillation can
be sustained by coupling a portion of
the amplified plate signal back to the
grid circuit. The signal energy
coupled in this manner must induce a
current at the right time and in the
right direction in the grid circuit. In
order to insure that this feedback oc-
curs at the right time, the resonant
frequency of L3-C3 is made approxi-
mately the same as L2-C2. This
means that 1 eycle of oscillation in the
plate circuit takes place in the same
period of time as 1 cycle of oscillation
in the grid circuit.

The feedback must occur at the right
time. If the current in the grid cir-
cuit is flowing in one direction and the
feedback induces a current in the op-
posite direction, the oscillatory current
is damped more quickly than if no
feedback were present. This type of
feedback is degenerative (A of fig.
131). Note that the oscillatory cur-
rent is more highly damped than the
naturally damped oscillation shown
in B of figure 129.

TN e

N
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AWA

TIME —»

TIME —
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(4)

(5)

If the feedback induces a current in
the same direction as the oscillatory
current in the grid circuit, the feed-
back is called regenerative. Its effect
is to sustain the grid-circuit oscilla-
tions. If the feedback is just sufficient
to replace the losses, each oscillation
is of the same size (B of fig. 131).

If the regenerative feedback is too
small, the oscillations in the grid cir-
cuit die out, although the oscillations
are not damped as highly as when
there is no regenerative feedback. If
the feedback is too large, the oscilla-
tions in the grid circuit build up until
the plate current is swung alternately
from 0 to saturation. This results in
a highly distorted oscillation. The re-
generative feedback, therefore, must
have the proper amplitude.

e. OUTPUT.

(1)

(2)

An oscillator must produce a useful
output. The output can be small, pro-
vided it is sufficient to drive the grid
circuit of the following stage. The
following stage, or stages, can be used
to build up the oscillations to the de-
sired amplitude. This means that the
oscillations in the plate circuit must be
large enough to provide both the prop-
er amount of feedback and a useful
output.

A certain amount of energy is needed
to drive the grid of the triode in figure
130. This energy must be replaced by
energy taken from the plate circuit in
an oscillator. Since the output also is
taken from the plate circuit, the
energy available in the plate circuit
must be greater than the energy neces-
sary in the grid circuit. In other
words, the total output must be greater
than the input. This means that the
tube must be capable of amplifying.
Consequently, any tube with an ampli-
fication factor greater than one can
be used in an oscillator.

B f. CONCLUSION. The following must exist in
order that an electron-tube circuit can be made
to oscillate:

TM 662-140

Figure 131. Waveforms showing effect of feedback.
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(1)

(2)

(3)

An L-C circuit containing the proper
amounts of inductance and capaci-
tance to oscillate at the desired fre-
quency.

A tube capable of amplifying a sig-
nal applied to its control grid. The
amplification factor must be greater
than one.

A means of coupling part of the out-
put energy to the input circuit (feed-
back). This energy must produce a
current in the Input circuit which is
in phase with the input signal (regen-
erative), and of sufficient amplitude
to replace any losses in the oscillating
L-C circuit.

114. Types of Oscillators

a. TUNED-GRID OSCILLATOR (fig. 132).

(1)

(2)

The L-C tuned circuit producing oscil-
lations is placed from grid to ground.
The tuning of the L-C circuit through
a range of resonant frequencies is pos-
sible by means of variable capacitor
Cl. The circuit sometimes is called
a tickler oscillator, and inductor L2
often is called a tickler coil. It is
known also as an Armstrong oscil-
lator, after the name of its inventor.

Oscillations in this circuit begin spon-
taneously. No external source is re-
quired to trigger it. Assume that the
cathode is sufficiently heated for nor-
mal operation, but that switch SW is
open, keeping B plus off the plate. No

£

L1
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Figure 132. Tuned-grid oscillator.

(3)

(4)

current can flow. If the switch now is
closed, B plus is applied to the plate
and there is a surge of current through
the tube. This surge is sufficient to
cause the grid circuit, L1-C1, to begin
to oscillate. These oscillations are am-
plified by the triode and appear across
tickler coil L2. The tickler coil is
coupled to L1 in such a manner that
there is regenerative feedback from
L2, plate circuit, to L1, grid circuit.
This feedback is sufficient to sustain
oscillations in the L1-Cl1 circuit. C,
and R, provide proper grid bias by
means of grid-leak action.

Various methods of coupling the out-
put to the next stage are available.
These include capacitive-, trans-
former-, and impedance-coupling net-
works. The choice of coupling de-
pends on the specific application of the
oscillator. The output, in any case,
usually is taken from the oscillating
L-C circuit. This has the effect of load-
ing down the circuit, and is equivalent
to increasing R in the R-L-C circuit.
For this reason, the load can be con-
sidered to increase the losses, increas-
ing the amount of regenerative feed-
back required. Too great a load damps
the oscillations in the L-C circuit, caus-
ing the oscillations to die out and the
output to drop to O.

This oscillator can be used to produce
oscillations in both the a-f and r-f
ranges. Too high a frequency of oscil-
lation, however, introduces undesir-
able effects as a result of the high
interelectrode capacitance of the tri-
ode, reducing the output available. For
this reason, low-. triodes such as the
6C5 and 6J5 commonly are used.

b. TUNED-PLATE OSCILLATOR (fig. 133). This
oscillator can be considered essentially the same
as the tuned-grid oscillator discussed above.
The only difference between the two oscillators
is that here the L-C tuned circuit is placed on
the plate side of the tube. In this case tickler
coil L2 is in the grid circuit. The amplified grid
signal provides feedback at the plate circuit
which is inductively coupled to the grid circuit.
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Figure 183. Tuned-plate oscillator.

¢. TUNED-PLATE TUNED-GRID OSCILLATOR
(fig. 134).

(1) It was noted in the discussion of feed-
back that one tuned circuit can be
made to supply the extra energy neces-
sary to sustain oscillations in another
tuned circuit. The tuned-plate tuned-
grid oscillator illustrates this principle.
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Figure 134. Tuned-plate tuned-grid oscillator.

(2) The grid circuit L1-C1 is tuned to the
resonant frequency desired. When the
first surge of current starts this cir-
cuit oscillating, the oscillations appear
at the grid and are amplified in the
plate circuit. The plate circuit consists
of L2-C2.

(3) The feedback path in the tuned-plate
tuned-grid oscillator occurs through
the plate-to-grid capacitance of the
triode. Energy is coupled from the
plate circuit to the grid circuit. If L2-
C2 is tuned to the same frequency as
L1-C1, the phase of the feedback is
not proper to sustain oscillations. For
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this reason, the plate circuit is made
inductive at the frequency of oscilla-
tion of the grid circuit to make the
feedback regenerative. This is done
by tuning the plate circuit to a slightly
higher frequency.

d. SPLIT-TANK OSCILLATORS (fig. 135). An
L-C circuit sometimes is called a tank circuit,
after the term storage tank, because energy can
be stored in the form of charge on the capacitor,
or in the form of a magnetic field around the
inductor. A split tank is an L-C circuit in which
either the capacitance or the inductance is com-
posed of two or more capacitors or inductors.
There are two basic types of split-tank oscilla-
tors—the Hartley (split-inductance) and the
Colpitts (split-capacitance). As in the oscilla-
tors previously discussed, low-u triodes such as
the 6C5 and the 6J5 can be used for both the
Hartley and the Colpitts oscillators.

(1) Hartley oscillator. In the Hartley
oscillator, one tank circuit is made to
serve both as grid and plate circuit.
The grid is coupled to one end of the
tank and the plate to the other end.
The cathode is connected to a point on
the inductor. This divides the induc-
tor between the grid and the plate cir-
cuits in the form of an inductive volt-
age divider, as shown in A. The volt-
age across Ll is between the grid and
cathode, thereby applying a signal to
the grid. The amplified voltage at the
plate appears across L2. This pro-
vides the necessary feedback.

(2) Colpitts oscillator. This circuit also
uses a split tank. The capacitance of
the tank circuit, provided by two ca-
pacitors, C1 and C2, is divided be-
tween the grid and plate circuits, as
in B. Cl and C2 form a capacitive
voltage divider, in which C1 provides
the grid signal and C2 provides feed-
back from the plate circuit. By adjust-
ing C1 and C2, it is possible to control
the frequency and amount of feedback.

e. PLATE-VOLTAGE SUPPLY.

(1) There are two methods for applying
plate voltage to the oscillator tube.
The d-c plate-voltage supply can be
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Figure 135. Split-tank oscillators.

placed in series with the oscillating
plate circuit, in which case the circuit
is referred to as series-fed. The d-c
plate supply also can be placed in par-
allel with the oscillating plate circuit,
and the circuit then is referred to as
shunt-fed. In either case, there must
be a d-c return path from plate to cath-
ode for the plate current. The circuits
in figures 132, 133, and 134 are all
examples of series-fed oscillators. This
is the simplest circuit arrangement.

The Hartley oscillator, in A of figure
135, is also series-fed. The d-c plate
current must pass through inductor
L2 before it can return to the cathode.

(3)

The disadvantage in this arrangement
is that the plate supply is placed at a
high a-c potential with relation to the
cathode. Also, the supply has a large
distributed capacitance to ground, and
this capacitance is shunted across the
tank inductor L2.

The disadvantage of the series-fed cir-
cuit can be overcome by keeping the
d-c plate supply and the oscillating
plate current separate. This is accom-
plished in the shunt-fed Hartley oscil-
lator (fig. 136). The plate-current
oscillations are coupled to the split-
inductance tank by means of capacitor
C2. The capacitor prevents the d-e
plate current from returning to the
cathode through the tank. The plate
current, therefore, can return only
through the choke in series with the
supply. This choke prevents any oscil-
lations from appearing in the supply,
because its reactance is very large.

CHOKE
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Figure 136. Shunt-fed Hartley oscillator,

f. ELECTRON-COUPLED OSCILLATORS.

(1) Buffer amplifier. If the output of an

oscillator is coupled directly to a power
amplifier, undesirable loading effects
occur. There can be distortion of the
output waveform or even a stopping
of oscillation. In addition, the fre-
quency of the oscillation will not be
stable. A buffer amplifier, therefore,
is used to couple the oscillations to the
power amplifier. An ordinary triode
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voltage amplifier can serve as a buffer,
since it draws little power from the
oscillator.

(2) FElectron-coupled oscillator.

(a) By using a multielectrode tube, the
oscillator and buffer stages can be
replaced by one circuit which per-
forms both functions. Such a cir-
cuit is called an electron-coupled
oscillator. Figure 137 is a typical
circuit arrangement, using a 6F6
pentode.
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Figure 137. Electron-coupled oscillator.

(b) In this circuit the cathode, the con-
trol grid, and the screen grid per-
form the function of the triode in a
Hartley oscillator. The cathode of
the 6F6 taps the split-inductance
tank consisting of L1, L2, and Cl1.
The control grid is coupled to one
end of the tank, and the screen grid
takes the place of the triode plate.
The screen voltage is taken from the
voltage divider consisting of R1 and
R2 across the B supply. This part
of the circuit can be compared to
the Hartley oscillator in figure 136.

(¢) The signal appearing at the grid

causes the current through the tube

to oscillate. In the ordinary Hartley
oscillator, this current is collected
at the plate, where one portion of it
is used for feedback and the rest for

(d)

(e)

output. In the electron-coupled osecil-
lator, however, the screen grid col-
lects only that portion of the cur-
rent needed for feedback. The out-
pbut portion of the current passes
through the screen grid to the pent-
ode plate, where it is collected and
passed through the output tank cir-
cuit consisting of C3 and L.3. Capac-
itors C2 and C4 serve to bypass oscil-
lations around the power supply.

The only connection between the
oscillator and the output circuit is
the electron stream itself. This
serves to isolate the oscillator from
the load. The electron-coupled oscil-
lator, therefore, has all the advant-
ages of a separate oscillator and
buffer.

Typical pentodes utilized in the elec-
tron-coupled oscillator are the 6AG7,
6F6, 6K7, and 6SK7. The cathode,
the control grid, and the screen grid
can be connected to form any of the
basic triode amplifiers. The plate
circuit then is coupled to the follow-
ing stage.

g. CRYSTAL OSCILLATORS.

(1)

(2)

Certain types of crystals, such as
quartz, Rochelle salts, and tourmaline,
have the ability to generate small volt-
ages when a mechanical force is ap-
plied. Conversely, when a voltage is
applied to such crystals, the physical
shape of the crystals is changed, and
mechanical vibrations are produced.
This property, referred to as the piezo-
electric effect, permits the crystal to
be substituted for a tuned tank cir-
cuit of an oscillator. The tuned-grid
tuned-plate oscillator, for example, can
have its grid tank replaced by a crystal
held between plates (fig. 13%).

The circuit action is the same for both
the tank and the crystal. The crystal,
however, has two great advantages.
A crystal can be cut with great pre-
cision to resonate within a very small
percentage of a given frequency. It
also possesses a far higher Q than any
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Figure 138. Crystal oscillator.

L-C network. This means that the
circuit can have both frequency preci-
sion and frequency stability when
using a crystal.

h. OTHER TYPES. Many other types of oscilla-
tors are used. These include the tri-tet, the
dynatron, and the transitron. The last two
named can be grouped under the heading of
negative-resistance oscillators. In ultra-high-
frequency work, such oscillators as the klystron,
and the magnetron generally are used. A dis-
cussion of these oscillators is beyond the scope
of this manual.

115. Heterodyne Principle

a. If the outputs of two oscillators which
have different frequencies are fed to a common
nonlinear circuit, the two sets of oscillations
combine to produce several frequencies of oscil-
lation. Four important frequencies appear at
the output of the common circuit. They are the
two original frequencies, the sum of the two,
and the difference of the two. This is called
heterodyning, and it is used in the superhetero-
dyne receiver.

b. The circuit common to both oscillators can
be a mixer or frequency-converter stage, de-
scribed in paragraph 73. One set of oscillations
is a received signal; the other set is produced
by a local oscillator. The output selected is
usually the difference frequency, also called the
intermediate frequency. The difference fre-
quency sometimes is called the beat frequency.
In some applications, the sum of the two fre-
quencies is selected instead of the difference
frequency.

AGO 2244A

¢. In the superheterodyne receiver, one set of
oscillations is supplied by the r-f carrier. These
oscillations originate in an oscillator located
in the transmitter. The second set of oscilla-
tions is supplied by an oscillator located in the
receiver, known as the local oscillator.

d. If a mixer stage, such as the pentagrid
617, is used, the local oscillator:consists of an
entirely separate circuit with its own tube, pre-
viously described. The pentagrid mixer has
two separate control grids which are isolated
from one another. The carrier signal is im-
pressed on one contro! grid and the output of
the separate local oscillator is applied to another
grid. Both grid voltages affect the plate cur-
rent, which contains the four frequencies men-
tioned above. The plate circuit is tuned to the
desired frequency, which is the intermediate,
and the other frequencies are rejected.

e. If a pentagrid converter, such as the 6A8
or the 6SA7, is used, the local oscillator tube is
replaced by equivalent elements in the con-
verter tube itself, and the necessity for an extra
tube is eliminated.

116. Summary

a. Mechanical systems for generating oscil-
lations generally are not high enough in fre-
quency for use in communications and other
types of electronic equipment.

b. Electron-tube circuits can perform the
function of producing oscillations.

¢. In order to produce oscillations, an elee-
tron-tube circuit must have these character-
istics:

(1) A tuned circuit having the proper
amounts of inductance and capaci-
tance to oscillate at the desired fre-
quency.

(2) A tube capable of amplifying a signhal
at its control grid.

(3) A means of providing the tuned cir-
cuit with sufficient regenerative energy
to sustain oscillations.

d. The tuned-grid oscillator obtains regener-
ative feedback by coupling the plate eircuit to
the tuned-grid circuit.

e. The tuned-plate oscillator has its tuned
circuit on the plate side. Regenerative feed-
back is obtained by coupling a part of the oscil-
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lation to the grid. The oscillation is amplified
and returned to the plate circuit.

f. In the tuned-plate tuned-grid oscillator,
regenerative feedback occurs through the grid-
to-plate capacitance of the tube.

g. There are two basic types of split-tank
oscillators—the Hartley and the Colpitts.

h. The Hartley oscillator has a split-induct-
ance tank divided between the grid and plate
circuits.

i. The Colpitts oscillator has a split-capaci-
tance tank divided between the grid and plate
circuits.

7. An oscillator is shunt-fed when its d-c
plate supply is in parallel with the oscillating
plate circuit.

k. An oscillator is series-fed when its d-c
plate supply is in series with the oscillating
plate circuit.

I. A buffer amplifier is used to isolate the
oscillator from undesirable loading effects.

m. The electron-coupled oscillator replaces
the separate oscillator and buffer tubes with a
single multielectrode tube, such as a pentode.
The circuit performs the functions of both the
oscillator and the buffer.

n. Certain types of crystals, such as quartz
or tourmaline, can be used as tuned circuits in
oscillators. Crystals are used to give frequency
precision and stability.

o. If two oscillations of differing frequency
are mixed, oscillations occur at four important
frequencies. They are the two original fre-
quencies plus their sum and their difference.

p. The heterodyne principle is used in the
superheterodyne receiver. Omne frequency is
supplied by the r-f carrier, the other by a local
oscillator in the receiver.
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q. If the local oscillator is a separate stage,
then a mixer tube is used to beat the two fre-
quencies.

r. In the pentagrid converter, the functions

of the local oscillator and mixer are combined
in one tube.

117. Review Questions

a. Why does a damped oscillation occur in
an R-L-C circuit?

b. Under what conditions can oscillations be
sustained in an R-L-C circuit?

¢. What is the function of the amplifier in
an electron-tube oscillator?

d. Explain regenerative and degenerative
feedback.

e. What are the proper conditions for pro-
ducing regenerative feedback in the tuned-plate
tuned-grid oscillator?

f. How is energy coupled from the plate cir-
cuit to the grid circuit in the tuned-grid tuned-
plate oscillator?

¢g. Name the basic types of split-tank oscil-
lators.

h. Draw schematic diagrams of the Hartley
oscillator to illustrate shunt feed and series
feed.

i. What is a buffer amplifier?

J. What is an advantage of the electron-
coupled oscillator?

k. What is the function of a crystal as used
in an oscillator?

I. What four important frequencies appear
at the mixer output if two sets of oscillations
of differing frequency are mixed?

m. How is the heterodyne principle used in
receivers?

n. What is a local oscillator? How is it used?

0. What is the function of the pentagrid con-
verter?
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CHAPTER 10
TRANSMITTING TUBES

118. Difference Between Transmitting
and Receiving Tubes

a. GENERAL. Electron tubes used in the high-
power stages of transmitters differ in design
from tubes used in receivers because of the
different function which they must perform.
The basic principles of operation of these tubes,
however, are not different from those that
govern the tubes used in receivers. Transmit-
ter tubes, like receiving tubes, are classified as
diode, triode, tetrode, pentode, and beam power
types. The active elements in a transmitting
diode are the cathode, or filament, and the plate.
In the triode, tetrode, or pentode there are one,
two, or three grids between the plate and the
cathode or filament. All are active elements.
The beam power type can have one, two, or three
grids plus beam forming plates at cathode po-
tential. The pentode becomes a beam power
tube when its screen and suppressor grids are
physically alined, and the tetrode provides beam
power action when its screen and control grids
are alined.

b. POwWER CONSIDERATIONS. Although trans-
mitter power tubes must handle considerably
greater amounts of power than receiver tubes,
some receiving tubes are suitable for use in
transmitter circuits not requiring high power.
Transmitter power tubes, on the other hand,
find application in all types of radio transmit-
ters, audio-frequency circuits requiring high
power output, and in other varieties of high
power electronic equipments. Some of these
applications will be discussed here.

¢. HEAT DISSIPATION.

(1) Conversion of energy from one form
to another never is completely efficient,
and there is always a loss of energy
in the process. The energy lost usually
is dissipated in the form of heat. In
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(2)

(3)

electron tubes, these losses occur main-
ly at the plate of the tube. If the grid
of a tube draws current, as is common
in transmitters, heat also is produced
at the grid. In the largest tubes, great
amounts of heat are generated, and
it is necessary to provide elaborate
means of heat removal to prevent dam-
age to the tube.

Heat removal can be accomplished in
several ways, depending on the amount
of heat generated and the physical
size of the tube. If plate dissipation is
less than 200 watts, natural air cur-
rents usually will carry off the heat.
Because black bodies radiate heat most
efficiently, the plates of low-power
transmitting tubes frequently are
blackened to assist the heat-dissipa-
tion process. This method will be dis-
cussed more extensively. Where the
plate must dissipate substantial
amounts of heat energy, up to about
4,000 watts, air is forced through spe-
cial cooling fins attached to the tube.
The cooling air is provided by blowers
or fans. For still higher power, it be-
comes almost impossible to circulate
the volume of air necessary, and water
cooling also is used. Water can carry
off more heat than air for an equiva-
lent volume because it has a higher
heat-absorbing capacity. In extremely
high-power transmitting tubes where
a great deal of power is dissipated at
the grids, the grids are constructed
with internal tubing in which water
is circulated.

Three typical transmitting tubes are
shown in figure 139. In the 4-250A
tetrode, designed for operation at plate
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dissipations up to 250 watts, small
holes can be geen in the metal jacket
over the base. A small electric fan is
mounted to bhlow air up from under
the tube and through these holes. In
the R893A—R triode, with a maximum
plate dissipation of 20 kilowatts, a
large number of copper cooling fins
surround the tube. A heavy-duty
blower forces air through these fins
to provide the necessary removal of
heat. The 5831 is a beam power triode
which is cooled by the circulation of
a considerable quantity of water
through its plate and grid structures.
The outside of this tube is machined
from a heavy copper fan. Copper is
used because it radiates heat efficient-

\ 893A-R

ly. It is capable of dissipating heat
energy in excess of 125 kilowatts, The
water-cooled grid dissipates up to 2
kilowatts, which is considerably more
than many smaller tubes dissipate at
the plate.

119. Construction of Transmitter Tubes

To provide high power output from a tube,
very high voltages and currents must be used.
Therefore, the tube must be built to withstand
the application of these voltages and currents.
To prevent arcing from one tube element to
another when the tube is operating, the elec-
trodes are separated by a substantial distance.
In addition, special insulation is used at the
points where the electrodes are mounted. These

5831

]
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Figure 139. Three typical transmitting tubes.
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precautions are vital because arcing can destroy

the tube.

a. CATHODES.
(1) Coated cathodes.

(2)

()

The flow of electrons from the cath-
ode to the plate of a power tube is
greater than in a receiving tube be-
cause of the high power output. This
means that the cathode or filament
emits a more plentiful supply of elec-
trons. Considerable heating power
must be applied, and the construc-
tion of the cathodes or filaments is
larger and more complex. The ma-
jority of receiving tubes use indi-
rectly heated or directly heated
oxide-coated cathodes or filaments.
This is not true of transmitting
tubes since the oxide-coated cathode
cannot withstand high voltages. It
is used therefore only in relatively
low-power tubes rated up to about
50 watts of plate dissipation.

Many small transmitting tubes are
larger versions of receiving tubes
with slightly changed connections
and bulb design. These use standard
receiving-tube heater cathodes. In
some cases, the elements are scaled
up slightly in size, but modern prac-
tice is to design these tubes specifi-
cally for transmitting purposes. Re-
cent advances in the design of oxide-
coated cathodes of the indirectly
heated type have permitted their
use in specialized tubes with plate
dissipation of several hundred watts.

(2) Thoriated-tungsten cathodes.

(2)
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It is necessary for the filament of
a transmitting tube to be capable of
very high emission; at the same
time it must be able to withstand
the high voltages that are present.
In addition, transmitting tubes must
have as much gas removed from
the envelope as possible. Conse-
quently, in early transmitting tubes,
filaments made of pure tungsten
were used, because tungsten con-
tains very little gas, has a high melt-
ing point, and is extremely strong.

()

(o)

(d)

Since tungsten does not have a high
electron emission for a given amount
of filament heating power, modern
tubes use thoriated-tungsten fila-
ments.

The discovery that a small quantity
of thorium oxide added to tungsten
results in a thoriated-tungsten fila-
ment capable of greatly increased
emission makes it possible to design
filaments requiring much less power
than pure tungsten. During the
manufacturing process, the filament
is heated momentarily to a higher
than normal operating temperature.
The oxide is converted into pure
metal and rises to the surface as a
layer one atom deep. This completes
the process, and a layer of metallic
thorium now coats the surface of
the tungsten.

In very large tubes, the thorium
oxide is not changed completely into
thorium by the simple application
of heat alone. Consequently, a gas
which is a compound of the element
carbon is introduced during the heat-
ing process. The carbon penetrates
the surface of the tungsten, form-
ing a hard layer of tungsten car-
bide. The metallic thorium then

diffuses to the surface of this strong

tungsten carbide layer. Filaments
made in this way are called carbu-
rized filaments. They overcome some
of the disadvantages of the delicate
layer of thorium on a simple thori-
ated filament, which can be damaged
by a little absorbed gas in the tube.
In very large transmitting tubes,
such carburized filaments are woven
together, with suitable insulation,
much as many small fibers are
twisted into a rope. The result is
a multistrand thoriated-tungsten
filament that is used in the highest
power tubes.

Thoriated-tungsten filaments must
be operated within 5 percent of their
specified voltage rating. If the fila-
ment voltage on the tube is allowed
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to rise too high, the layer of thorium
will boil off, deactivating the tube.
It can be reactivated by a repetition
of the original activation process,
until the supply of thorium oxide is
exhausted. To reactivate a thori-
ated-tungsten filament, normal fila-
ment voltage is applied for several
hours. The filament voltage then is
raised 30 percent above normal for
10 minutes, after which it is re-
duced to normal for 20 minutes.

b. PLATES.
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(1) Most of the heat losses in a transmit-

)

ting tube occur at the plate. This heat
must be removed in one of three ways
—Dby natural radiation, or by forced-
air- or water-cooling. Plates which are
cooled by natural radiation of heat
from their surfaces work at tempera-
tures between 400° and 1,000° C.
Tubes using these plates are required
to dissipate from 4 to 10 watts per
square centimeter of cooling surface.
If forced-air cooling is used, the sur-
faces operate at temperatures from
150° to 200° C. The outside of the
tube and the associated cooling fing
are usually of large area, as can be
seen from the photograph of the
893A-R in figure 139. They dissipate
one-half to one watt per square centi-
meter of surface. The air must be
supplied at a rate of 50 to 150 cubic
feet per minute for each kilowatt of
heat generated at the plate.

Very high-power water-cooled tubes
operate at surface temperatures be-
tween 30° and 150° C. Because water
is an effective cooling agent, the dis-
sipation per square centimeter is high,
averaging 30 to 110 watts, and 14 to %4
gallon of water must be supplied each
minute per kilowatt of plate dissipa-
tion. These figures apply only if the
water flow is rapid to prevent boiling
or bubbling at the surface. If the sur-
faces are unclean, the ratings are re-
duced still farther. Coatings such as
scale, rust, or dirt will reduce the cool-
ing effect to a small fraction of the

(3)

rated amount. These coatings are good
heat insulators and prevent the effi-
cient transfer of heat to the cooling
medium. Therefore, water-cooled tubes
must be kept clean, and the water must
be free of impurities. Distilled water i
preferable. The use of water cooling
permits the tube to be made somewhat

smaller in size for a given power
rating.

The temperature developed at the plate
in any tube depends on the physical
properties of the metal of which it is
made. Some metals are able to radiate
heat better than others. The ability
of a metal to radiate heat is called its
thermal emissivity. This is a constant
which describes this ability for any
given material with an untreated or
naturally formed surface. The con-
stant varies with the degree of surface
roughness. In the chart below are
the thermal emissivity constants for
some typical materials used in power
tubes. They are measured at the tem-
peratures at which these materials
generally are used.

Thermal
Material Temperature emissivity

Graphite___________________ 700°C. 9
Copper______________ e 30°C. .07
Molybdenum_______________ 1,000°C. 13
Molybdenum with surface 1,000°C. .5

roughened by sand-

blasting with quartz,
Nickel ._____ ____ ________ _ 300°C. .09
Tantalum__________________ 1,100°C. .18
Tungsten_ ____ ___________ 2,300°C. .30

(4) The choice of plate materials is deter-

mined partly by their ability to emit
heat by radiation. In addition, differ-
ent metals possess varying mechanical
properties at high temperatures.
Tungsten, for example, is far stronger
than nickel at femperatures above
300° C., but it is far more difficult to
fabricate into the shapes required. It
is also much more expensive. Plates
need to be strong enough to withstand
mechanical shocks produced by vibra-
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tion and handling. They must also
withstand the severe mechanical
stresses set up when they are raised
to red heat.

When materials approach their melt-
ing point, the molecules are able to
leave the surface and go into the sur-
rounding atmosphere. An analogy
would be steam evaporating from boil-
ing water. The pressure that these
molecules exert in the surrounding at-
mosphere is called vapor pressure. Ma-
terials which vaporize easily have
high vapor pressures. In vacuum
tubes, it is desirable to use materials
which have low vapor pressures at the
operating temperature to prevent the
vacuum from being contaminated with
vapor molecules. When contamination
with vapor molecules occurs, the tube
is said to be gassy, it is erratic in be-
havior, and must be replaced.

As shown in the chart, some typical
materials used for power-tube plates
are tungsten, molybdenum, graphite,
nickel, tantalum, and copper. Nickel
is cheap and easy to fabricate into a
large variety of shapes; also it has low
thermal emissivity and a relatively
low melting point. It has the disad-
vantages of not being very strong, and
of having a high vapor-pressure con-
stant at high temperature. Therefore,
its use is limited largely to low-power
transmitting and receiving tubes.

For medium-power, radiation-cooled
tubes, graphite occasionally is used as
the plate material, It is a very good
radiator of heat, and therefore can
dissipate considerable heat from a
small area. It is not easy to fabricate
and also it is rather fragile. It cannot
be used where a great deal of mechan-
jcal vibration is present.

Molybdenum is usable at temperatures
slightly higher than graphite. When it
is sandblasted with quartz, it possesses
a satisfactorily high thermal emissiv-
ity without the mechanical disadvan-
tages of graphite. It is also much eas-
ier to shape. Its melting point, which is

)

(10)

(1)

higher than that of nickel but not as
high as that of tantalum or tungsten,
restricts its application to medium-
power tubes which are not subject to
severe overload.

Tantalum is one of the most useful
plate materials. It is easy to fabricate,
possesses good thermal emissivity,
especially if the surface is roughened,
and is mechanically strong at high
temperatures. In addition, it has the
great virtue of being able to absorb
undesirable residual gases when raised
to a temperature of about 1,400° C.
This property makes it possible to
maintain a very high vacuum in tubes
with a tantalum plate. It is one of the
most commonly used of modern plate
materials. The principal application is
in radiation and forced-air-cooled tubes
with plate dissipations up to several
thousand watts.

Tungsten has the highest melting
point of any metal. Unfortunately, it
is one of the most difficult to shape.
Its good thermal emissivity permits its
limited application in tubes operated at
very high voltages where stability of
the plate material at high tempera-
tures is important. Tungsten plates
sometimes are coated with a thin
layer of zirconium, a metal that ab-
sorbs gases well at red heat.

The plate material in very high-power
tubes using water cooling usually is
copper. It is the best conductor of
heat among the common metals, and
therefore, provides the best transfer of
heat to the cooling medium. Its ex-
cellent machineability and relative
cheapness make it desirable when
large structures are required. Because
it is usually operated below the boil-
ing temperature of water, its high
vapor pressure is not serious. It has
a tendency to release absorbed gases
if its temperature rises beyond 300° C.
This is highly undesirable because
these gases may cause severe arcing
between plate and cathode at the high
voltages commonly used.
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¢. GRrIDS.
(1) In normal transmitting applications,

(2)

power tubes frequently are operated
so that the voltage applied to the con-
trol grid is positive during a part of
the operating cycle. As a consequence,
the control grid draws current, and
heat is generated at the grid as well
as at the plate. In multigrid tubes,
the screen grids operate at relatively
high temperatures; therefore, mate-
rials with a high melting point, such
as molybdenum, tantalum, and tung-
sten, usually are used. If the grid
voltage is appreciably positive, it in-
tercepts many electrons destined for
the plate. The heating of the grid is
roughly proportional to the grid volt-
age for a given time interval. As noted
previously, grids dissipating large
amounts of heat are constructed with
internal tubing through which water
is forced.

If the grid voltage is high enough, the
electrons will strike the grid with suf-
ficient energy to produce secondary
electron emission, much like that
which occurs at the plate of a tetrode
(par. 70). Where oxide-coated or
thoriated-tungsten cathodes are used,
some of the cathode coating may evap-
orate and be transferred to the grid,
increasing its ability to emit secondary
electrons. This is undesirable in a
power tube, as it may cause the grid
voltage to go highly positive, which
probably would result in its destruc-
tion. This secondary emission behavior
is reduced by treating the surface of
the grid with a chemically nonactive
material, such as a thin plating of
gold.

d. ENVELOPES AND BASES.
(1) Very low power tubes frequently are
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constructed according to standard re-
ceiving-tube techniques. They use
similar glass-bulb or envelope con-
struction, though slightly enlarged to
handle the increased power. Their
bases are made of a plastic, usually
bakelite or micarta., Higher power

(2)

means that the glass must be able to
withstand a greater amount of heat.
Because the tube usually is large, it
must have greater mechanical strength
at the higher temperatures. Up to
powers of several hundred watts, the
tubes are usually of glass construction
with the exception of the base, which
is made of metal-clad ceramic or the
plastics mentioned above. The glass
must be a much better insulator than
that used in receiving tubes; because
power tubes require a high vacuum,
it must be entirely freed of absorbed
gases during the manufacturing proc-
ess. Glass is designated as either hard
or soft depending on its softening
point. Hard glass with a high soften-
ing point and good electrical insula-
tion properties is used most frequently.
Soft glass bulbs are used only in re-
ceiving or very low-power transmit-
ting tubes.

The base of a transmitting tube is re-
quired to withstand larger amounts of
heat and voltage than receiving tubes.
For this purpose, ceramic materials
such as steatite are used. These may
be metal clad, as are some plastic ma-
terials that are used. Tubes operated
at very high frequencies use no base
at all, but instead, the leads are
brought out through glass-to-metal
seals. Such a tube, the 829B, is shown
in figure 140. Very high-power tubes,
either water- or forced-air-cooled, are
made of a complex composite struc-
ture of glass and metal. They seldom
have bases as such, but instead, have
connections made to large-diameter
rods or rings that are actually a part
of the various electrodes and extend
right through vacuum-tight seals.

120. Transmitting-tube Applications
@. GENERAL.

(1) The purpose of a transmitter is to

transform power as supplied by a-c
lines, batteries, or generators into
radio-frequency power which is made
to carry intelligence. The intelligence

AGO 2244A



TM662~149

Figure 140. Transmitting tube used at high frequencies.

(2)

(3)
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can be in the form of speech, Morse
code, pictures, controlled pulses for re-
mote-control devices, or any other spe-
cial form. Power tubes are used in
these devices for the production and
amplification of voltages and currents
at radio and audio frequencies.

Transmitters for speech and code are
by far the most frequently encoun-
tered. In figure 141 a block diagram
of a representative radiotelephone and
radiotelegraph transmitter is shown.
Its two selective functions are the
transmission of speech and code.

Operating power is supplied by vacuum
tubes or motor-generator devices.
These furnish the d-c operating volt-
ages required by the tubes used in the

(4)

(5)

transmitter proper. The basic radio
frequency used in the transmitter is
generated by the oscillator. The buffer
isolates the oscillator from the follow-
ing stages, and so improves oscillator
stability. Another buffer amplifier
isolates the frequency-multiplier sec-
tion, which provides the desired oper-
ating frequency. The modulator su-
perimposes the intelligence-—that is,
the speech—upon the carrier. The
power amplifier increases the strength
of the signal before it is impressed
upon the antenna. In a radiotelegraph
transmitter, a key which turns the
transmitter on or off when pressed by
the operator is used to transmit the
information.

The radio frequencies used for com-
munication cover a wide range of the
over-all electromagnetic spectrum (fig.
142). They extend from about 30 ke
to 30,000 mc. Transmitting tubes are
of different kinds in order to cover this
enormous range. For the low frequen-
cies (30 to 300 ke) used prineipally by
long-wave fixed point-to-point stations,
transoceanic, government, and direc-
tion-finding stations, large amounts of
power are required, and large triode
amplifiers, such as the 862A producing
several thousand watts, are common.
In the medium-frequency range (300
to 3,000 kc) where broadcasting, ship
and harbor, government, amateur, and
police stations are found, tubes such
as the 893A-R triode are used. In the
high-frequency range (3,000 to 30,000
ke) are found coastal ship, interna-
tional broadcasting, government, avi-
ation, and amateur stations using
tubes like the 4-1000 triode. The very
highest-power tubes cannot be used in
this range, but many tubes are used
with ratings up to several thousand
watts.

In the very-high-frequency range (30
to 300 mec), different tubes with
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Figure 141, Block diagram of typical transmitter.

smaller structures, like the triode
4X500A, are necessary. Such services
as the relay broadcast, television, mo-
bile, and government operate in this
region. In the ultra-high-frequency
range (300 to 3,000 me) radieally dif-
ferent tube designs, such as the 5588
power triode, are necessary. This is
because low lead inductance and low
interelectrode capacitance are neces-
sary. Air navigation, facsimile, tele-
vision, citizen’s radio, meteorological,
amateur, and other services operate in
this range. The super-high frequen-
cies starting at 3,000 mc are used
largely for radar and television relay
service. Normal tube types no longer
operate in this region, and specially
designed devices such as the 2K26
klystron are required. This tube and
the super-high-frequency magnetron
are described in chapter 11.

b. OSCILLATORS.

(1) General. The oscillator used in trans-

mitters converts a d-c energy into r-f
energy. Receivers and transmitters
use similar oscillator circuits: the
Hartley, the Armstrong, the Colpitts,
the electron-coupled, tuned-plate tuned-
grid, and crystal-controlled oscillators.
For operation above the medium fre-
quency range, the oscillator in the
transmitter generates the r-f carrier
at a fairly low power level so that the
tubes which are used do not differ sub-
stantially from those used in receivers.
In fact, receiving tubes serve ade-
quately in many transmitter-oscillator
applications. In transmitter practice,
the stability of the oscillator with re-
lation to frequency is of paramount
importance. This means that ex-
tremely little or no change in the car-
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rier frequency is tolerated under op-
erating conditions.

(2) Crystal osecillators. To insure the high-

est degree of frequency stability, the
crystal-controlled oscillator is used
most frequently. The quartz crystal
is specially housed so that a constant
temperature is maintained, also, it is
mechanically isolated to protect it from
any shock or vibration. These precau-
tions are necessary in exacting trans-
mitter applications such as broadcast-
ing and large fixed radio-telegraph
stations. In the v-h-f (very high fre-
quency) band, .002-percent shift from
the assigned frequency usually is con-
sidered stable operation. At an oper-
ating frequency of 100 me, this means
that a 2-ke shift is tolerated. In some
cases, it should be possible to change
the transmitter frequency. One method
is the use of a number of crystals, each
differing in frequency from the others.
These are switch-controlled, thereby
permitting rapid changes in frequency.

e. CLAss C AMPLIFIERS.
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(1)

(2)

For efficient amplification of the radio-
frequency carrier, class C power am-
plifiers are used most frequently. The
class C amplifier can operate success-
fully from low to very high frequen-
cies. It is possible in normal service
to obtain plate-circuit efficiency from
de to rf of 65 to 75 percent. In a class
C amplifier, the grid is biased nega-
tively far below cut-off, and plate cur-
rent flows for much less than one-half
of the r-f cycle—that is, for less than
180° (fig. 143). Because the grid volt-
age goes positive with relation to the
cathode, grid current also flows.

When triodes are used as radio-fre-
quency amplifiers, they must be neu-
tralized to prevent energy from feed-
ing back from the plate to the grid
circuit and causing undesirable self-
oscillation. This feedback is caused by
grid-to-plate capacitance. It can be of
a frequency different from that of the
desired operating frequency, and this
can result in unnecessary interference
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Figure 143. Voltage and current relationships in

(3)

class C amplifier.

to other radio services. Neutralization
of triodes usually is accomplished by
feeding a small amount of the output
from the plate circuit into the grid
circuit out of phase with the feedback
caused by the grid-plate capacitance.
The neutralized energy cancels out the
feedback in the tube. Where tetrodes
or pentodes are used as r-f amplifiers,
neutralization normally is not required
unless the tube is operating at a fre-
quency so high that the shielding effect
of the screen grid is insufficient. In
this case, tetrodes and pentodes also
must be neutralized.

The neutralizing circuit chosen for
triode, tetrode, or pentode amplifiers
depends largely on the design of the
rest of the circuit and on the range of
operating frequencies to be covered.
The principle, however, remains the
same: namely, the feeding back of an
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amount of energy equal and opposite
to that which tends to cause oscilla-
tion. The phase and amplitude of this
neutralizing energy must be adjusted
when the transmitter is tuned.

d. BUFFERS.

1)

(2)

AGO 2244A

One of the characteristics of class C
amplifiers is the consumption of power
in the input circuit caused by the grid
voltage going positive with relation to
the cathode and drawing current dur-
ing part of the operating cycle. This
power, called excitation power, must
be supplied by the preceding stage in
the transmitter. For the power am-
plifier to operate efficiently, a minimum
amount of excitation is required. This
is determined by the type of tube and
the d-c voltage applied to it. The stages
before the power amplifier must be
able to supply this excitation without
overloading. Because the frequency of
an oscillator depends to some extent
on the load impressed upon it, it is
undesirable from the standpoint of
frequency stabilization to attempt to
supply excitation power directly from
the oscillator. Another consideration
is the modulation impressed on a car-
rier wave in the power amplifier. In
this case, a varying amount of excita-
tion is demanded by the power am-
plifier as the modulation changes. This
changing load also can seriously affect
the frequency stabilization of the os-
cillator if the oscillator is used to drive
such a modulated amplifier directly.

Therefore, a buffer amplifier is intro-
duced between the oscillator and the
power amplifier to isolate the two
stages from each other. The buffer
amplifier usually is operated class A,
so that it will not affect the oscillator.
In this condition, no power is drawn in
its grid circuit. For class A service,
the efficiency is low, and tubes of fair-
ly high ratings must be used in buffer
circuits for high-power final amplifiers.
In broadcasting service, many buffer
stages are used to build up the low-
level output from the oscillator to a

(3)

4

(5)

(6)

value sufficient to provide excitation
to the power amplifier. In general, the
buffer must supply from 5 to 20 per-
cent as much power as the final am-
plifier will produce.

The buffer amplifier must supply this
excitation and have considerable re-
serve power so that its output does
not vary with changing load. This is
termed good regulation. Since the effi-
ciency of the class A buffer is low, its
plate dissipation can be as much as
one-half that of the tube used as the
final power amplifier. Excitation re-
quirements increase as the frequency
of the operation is increased. This is
because losses in the input circuit are
greater at higher frequencies.

Because the power level at which the
oscillator operates usually is low, the
buffer for the oscillator tube generally
is of a similar power rating operated
class A (fig. 144). In this circuit, a
receiving tube triode is used as a low-
power, crystal-controlled oscillator. Its
output is coupled through a resistance-
capacitance network to the buffer-am-
plifier grid, which is self-biased for
class A operation by the resistor and
capacitor in its cathode circuit. The
buffer amplifier is a small receiving
type pentode. The plate of the buffer
is connected to the B plus of the power
supply through a parallel-resonant cir-
cuit tuned to the crystal frequency.
The output of the buffer amplifier is
coupled to the following stage in the
transmitter by the transformer action
of the link coil coupled to the resonant
output circuit.

In the practical transmitter, buffer
amplifiers are used between the oscilla-
tor and the frequency multiplier, and
also between the frequency multiplier
and the power amplifier (fig. 141).

In figure 145 a high-power buffer sup-
plies excitation to a final amplifier and
isolates it from the preceding stages.
Generally a power tetrode is used here
with a link-coupled tuned input cir-
cuit. The grid bias is provided by a
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Figure 144. Crystal oscillator and buffer amplifier.

fixed d-c¢ voltage supply. Voltage for
the screen grid is derived from the
plate voltage supply by a drop across
the series resistor connected between
B plus and the screen. The capacitors
at the lower end of each tuned circuit
and from the screen to ground are
radio-frequency Dbypass capacitors.
They keep r-f energy from the power
supply and the screen grid.

e. FREQUENCY MULTIPLIERS.
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(1) Crystals used in transmitters to gen-

erate the carrier are available only in
the range of frequencies between about
100 ke and 30 me. High-stability crys-
tals are available only in the lower part
of this range, between 100 and 10,000
ke, approximately. Therefore, some
means must be used to raise the fre-

quency of the crystal if it is desired
that the final carrier be of a higher
frequency with high stability. For
this purpose, a special type of ampli-
fier, called a frequency multiplier, is
used, which always operates class C.
One of the characteristics of this type
of operation is that it is rich in har-
monics. It can use ordinary low-power
transmitting tubes, but almost all
transmitting tubes can be made to
work in a frequency-multiplying cir-
cuit. Such a circuit using two small
triodes is shown in figure 146. In this
circuit, the electrical connections of
each stage are nearly the same as
those of the class C amplifier. The
difference lies in the frequenecy to
which the parallel-resonant circuits
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Figure 145. High-power buffer amplifier
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are tuned. The output of the plate cir-
cuit in each stage is tuned to two times
the frequency of the input circuit. If
desired, greater multiplication may
occur in each stage. When it is tuned
to twice the frequency of the input
circuit, the stage is called a doubler;
three times the frequency, a tripler;
four times, a quadrupler; etc.

INPUT
(F1)

\\

(4)

The voltage and current relations in
the grid-plate and tank circuit are il-
lustrated in figure 147, which also
shows the steep pulses of plate current
and resultant current in the tank out-
put circuit tuned to twice the input
frequency (a doubler).

Since the input and output circuits of
frequency multipliers are tuned to fre-

[rum—

)

ITUNED TO

(4XF1)

OUTPUT
(4XF1)

I

\. TUNED TO
(2X F1)

+qo-1_

T™ 662-155

Figure 146. Frequency multiplier system with output frequency four times input frequency.

In general, a multiplier of more than
four seldom is used. The input circuit
drives the tube under class C condi-
tions, which produce pulses of current
in the plate -circuit considerably
shorter than a half-cycle of input.
These pulses shock excite the tuned
circuit to oscillation at its resonant
frequency. Its resonant frequency can
be any whole number times the fre-
quency of the input wave. When the
pulses are exactly one-half, one-third,
or one-quarter of the frequency to
which the output circuit is tuned, they
reinforce its current swing every sec-
ond, third, or fourth cycle.

Consequently, they will help to sustain
the oscillation in the tuned, or tank,
circuit. To do this most efficiently, the
pulses must be made short and sharp
by biasing the tube even farther be-
yond cut-off than is common for a
normal class C power amplifier, and by
using a larger amount of excitation.

quencies which differ by a large
amount, there is little danger of un-
desirable feedback and oscillation tak-
ing place through the grid-plate capa-
citance. Therefore, no neutralization
is necessary. The operating condition
with high negative grid bias and a
large grid-voltage swing to obtain
steep pulses of plate current means
that the frequency multiplier requires
more excitation than the same tube
operated as an ordinary class C am-
plifier. The efficiency is lower than
that of the corresponding amplifier.
A doubler runs at less than 50 percent
plate efficiency. The tripler and quad-
rupler operate at even lower efficiency.
It is not practical to multiply more
than four times because the efficiency
drops off too much. As the multipli-
cation increases, the grid bias must be
made greater and the grid-voltage
swing correspondingly larger. There-
fore, a tripler requires more excitation
than a doubler, and so on. In a fre-
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Figure 147. Voltage and current relationships in class C doubdler.

quency-multiplying circuit, the Q of
the tank must be higher than the Q of
an ordinary amplifier so that the mul-
tiplier action will be more efficient.
Then there will not be too much loss
of amplitude of oscillation between
pulses of plate current.

f. POWER AMPLIFIERS.

178

(1) The generation of power at radio fre-

quencies requires many varied types of
tubes and circuits, some of which have
been described earlier in this chapter.
At this time, their applications to the
generation and amplification of power
will be considered. The losses antici-
pated and the frequency and mechani-
cal considerations generally determine,
within one or two choices, the type of
tube to be used in any given case.
Power tubes of both the air- and water-
cooled types are available in a wide
range of plate dissipation, up to several

(2)

(3)

hundred kilowatts for water-cooled
types.

In more recent equipment, the beam
power design is embodied in the tubes
used. For transmitting applications
the principle of beamed electron flow
is useful when applied to almost any
tube. Beam triodes such as the 5831
recently have come into use as modifi-
cations of the high-power water-cooled
triode. Beam tetrodes are among the
most frequently used of transmitting
types because of their low excitation
power requirements, ability to operate
without neutralization in many cases,
and high power efficiency. The beam
principle, which also includes carefully
alined control and screen grids, is ap-
plied to many tetrodes where beam-
forming plates are not used, as in the
4-250A.

Generally, power amplifiers are oper-
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ated under class C conditions. For spe-
cial applications, however, class B am-
plification sometimes is more suitable.
In a class C amplifier, if sufficient ex-
citation is supplied, the output wave-
form is relatively independent of the
input waveform. A class B amplifier,
on the other hand, reproduces the in-
put waveshape and amplitude with a
fair degree of faithfulness. Moreover,
in r-f applications, when tuned circuits
are used in the output, class B ampli-
fiers can be used with only one tube.
This is in contrast to audio applica-
tions where two tubes are necessary
in push-pull connection to prevent ex-
cessive distortion. The use of one tube
in r-f applications is permissible be-
cause the tuned circuit in the output
supplies the missing half-cycle caused
when the plate current stops as a re-
sult of the grid being driven beyond
cut-off. Amplifiers operated in this
service are useful when it is desired
to make the output signal dependent
upon the input. They also produce
lower distortion of the waveform than
class C amplifiers do and correspond-
ingly lower unwanted harmonic out-
put. Class B amplifiers require very
stable sources of d-c voltage.

A power amplifier that uses one tube
is called a single-ended circuit. Two
tubes, with the grids connected to the
opposite sides of the input tank circuit
and the plates to opposite sides of the
output tank, form a push-pull circuit.

The circuit usually is the same whether
operated class B or C. The difference
is in bias and excitation voltages and
in values of components. The single-
ended circuit generates more harmonic
output which sometimes is a disad-
vantage. It ig, however, the simplest
circuit to use over a wide range of
frequencies because switches can be
inserted easily to change the tank cir-
cuits. Twice as many switches would
be required in a push-pull circuit to
accomplish the same purpose.

Several types of tank circuits provide

(7

(8)

a wide range of impedance matching
(fig. 148). These circuits are necessary
where a variety of different antennas
must be used. In A, L1C1 forms the
input tank ecircuit. C2 is an r-f bypass
capacitor which effectively grounds
the bottom of the tank to rf. Grid bias
is taken from a fixed bias supply. Ca-
pacitors C3 and C4 are filament r-f
bypass capacitors, and T1 is the fila-
ment transformer. The plate tank cir-
cuit is composed of C6, a variable ca-
pacitor with a single rotor and two
stators, and L2. C6 is called a split-
stator capacitor, and is used to obtain
the out-of-phase voltage which is fed
back through C7 for neutralization.
The output tank circuit is coupled to
the antenna by a link coil around L2.
This circuit is used with high-power
triodes.

In B, a tetrode is connected in a single-
ended circuit without neutralization.
The functions of the parts are much
the same as those in A, Because no
neutralization is necessary, a simpler
type of output tank can be used. C7
is merely an r-f bypass capacitor which
permits grounding the rotor of C6 to
rf. This is occasionally desirable even
though a higher voltage capacitor will
be necessary.

In C, a small pentode is utilized in a
small transmitter for aircraft or life-
raft service. In this case the type of
antenna can vary considerably. The
tube is capacitively coupled to the pre.
ceding stage through C1R1. R1, in ad-
dition, acts as a grid-leak resistor and
provides grid bias. Cathode bias also
is provided by R2 as a protective meas-
ure in case the excitation fails, which
would result in a loss of grid bias if
R1 alone were used. C2 is an r-f by-
pass capacitor for R2. C3 is a screen
bypass capacitor used in conjunction
with R3 to obtain the proper de and
r-f ground at the screen grid. The r-f
choke and C4 isolate the output cir-
cuit from the power supply. This ar-
rangement is known as shunt or paral-
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Figure 148. Single-ended power amplifier circuits.
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lel feed and is used when it is unde-
sirable to have de in the tank circuit.
The tank in this figure is a special
impedance-matching circuit known as
a pi network, It can be used with al-
most any length of antenna. This net-
work (L1, C5, and C6) is a common
feature of much portable equipment.

Since a push-pull circuit uses two iden-
tical tubes, advantage is sometimes
taken of this characteristic, and the
two tubes are combined in one glass
envelope. This is especially useful at
very high frequencies. In this band,
the length of connecting leads becomes
important, and this is one method of
keeping them short. A dual beam
power tetrode such as the 829-B (fig.
140), can be air-cooled and is useful
for up to about 100 watts output. It
has no base and the leads are brought
out through seals in the glass. It can
be used at full power input up to
200 me. Push-pull circuits have the
advantage of lower harmonic output,
ease of mneutralization, and greater
power output for a given amount of
excitation. Such a circuit requires only
as much excitation as one of its tubes
does when run by itself in single-ended
connection. This is because both
halves of the grid-voltage cycle are
used alternately by each tube. The
output is recombined in the plate cir-
cuit. A and B, figure 149, shows two
typical push-pull circuits for a power
triode.

In A, the input tank circuit provides
equal and opposite voltages to the
grids of the two triodes. The r-f choke
provides a means of inserting grid bias
from a fixed bias supply into the grid
circuit. The plate tank circuit is made
with a split-stator capacitor, C2, and
recombines the output from the two
triodes. Since opposite sides of a tank
circuit are 180° out of phase, neutral-
izing voltages may be obtained simply
by feeding back some of the energy at
these points to the opposite grids.
Capacitors C3 and C4 do this.

(11)

The 829-B push-pull circuit in B has
a grid tank, L1 and C1, which provides
drive for the tube. Grid bias is fur-
nished from a fixed supply. In the
tube, the screens of both sections are
connected, and one capacitor, C2,
serves as a bypass for them. R2 pro-
vides screen voltage by dropping the
plate voltage because of the current
that passes through it. The output
tank circuit is the same as that in A,
The r-f choke permits feeding plate
voltage to both halves of the tube.

¢g. SPEECH AMPLIFIERS.

(1)

(2)

(3)

In a transmitter producing radio-tele-
phone signals, it is hecessary to take
the extremely weak output of a micro-
phone and build it up to the point
where it can be used to modulate the
carrier wave. This requires congider-
able amplification, depending on the
type of microphone used. In general,
the methods of coupling between the
amplifier tubes are similar to the
methods described in discussions of
various types of amplifiers in earlier
chapters. Special problems arise, how-
ever, in connection with the speech
amplification stages of transmitters
that do not occur in other cases.

To begin with, the speech-amplifier
tubes used in transmitters can be or-
dinary receiving types, although these
are unsatisfactory in some applica-
tions. The average receiving-type tube
does not have sufficient internal me-
chanical bracing to prevent minute
vibration of the grid and other parts
which cause noise on the signal. There-
fore, tubes with high mechanical sta-
bility are manufactured especially for
such applications. These are the non-
microphonic tubes in the 1600 and
5500 series. They are electrically equi-
valent to many commonly used receiv-
ing tubes, but have the added internal
bracing to prevent vibration of the
tube parts.

Speech stages operating at low levels
in a transmitter usually are biased
class A, since class A operation results
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Figure 149. Push-pull power amplifier circuits.

in minimum distortion. Where a larger
amount of power is necessary, opera-
tion with class AB conditions or even
class B is used. In good transmitter
design, some form of inverse feedback
is used to improve the quality of the
speech stages and lower the distor-
tion. This means that extra amounts
of gain will be necessary to compen-
sate for the loss through feedback.

In general, the first tube in a speech
amplifier circuit is used as a micro-
phone amplifier. It takes the form of

(5) In figure 150,

a voltage amplifier, frequently a high-
gain pentode. In this stage, high gain,
low circuit noise, and low hum pick-up
are desirable. Depending on the type
of microphone used, it will be either
transformer- or resistance-coupled. If
a signal of reasonable amplitude is
produced by this stage with low noise
and hum content, it will tend to over-
ride any noise or hum that may be
produced in subsequent amplifier
stages.

typical microphone
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stages are shown for use with the
three principle types of microphones
encountered. These are the carbon,
the crystal, and the magnetic micro-
phone stages. The carbon microphone
has the highest output of these three
types, averaging around .1 volt for
normal speech. The crystal is next,
with approximately .03 volt, and the
magnetic is lowest, with less than .01
volt. Greater fidelity is obtained with
the lower-level microphones. There are
other types of microphones in use,
most of which use some type of vari-
able resistance, variable magnetic field,
or crystal effects.

The carbon microphone amplifier, in
A, is a simple transformer-coupled tri-
ode of low amplification factor. The
transformer is necessary to allow the
application of a small d-¢ voltage to
the microphone. A carbon microphone
uses loosely packed carbon grains me-
chanically coupled to a diaphragm
which moves in response to sound.
The resistance of the carbon varies
with sound intensity. Therefore, if a
current is allowed to flow through the
carbon, a varying voltage is produced.

The crystal microphone, in B, is used
with resistance coupling to a high-gain
pentode. The resistance-capacitance
network shown in the input of the
crystal microphone amplifier is used
to prevent r-f current from being de-
tected between the grid and the cath-
ode and causing unwanted feedback or
oscillation between the speech stages
and the rest of the transmitter. The
crystal microphone develops audio
voltage as a consequence of the prop-
erties of certain mineral crystals that
produce a current when a mechanical
stress is applied to their surfaces. A
diaphragm is coupled to the ecrystal
to provide a transfer of force from
the sound to the crystal.

The magnetic microphone is coupled
to the tube through a transformer
which matches its low impedance to
the high-impedance grid circuit, as in

)

(10)

(1)

C. It operates because of the voltage
induced in a pick-up coil attached to
a diaphragm, which moves in a mag-
netic field.

The microphone amplifier usually is
followed by one or more stages of re-
sistance- or transformer-coupled class
A amplifiers, generally using triodes.
In broadcast transmitters, all stages,
including the microphone amplifier,
are push-pull to minimize distortion
and hum. The output of these stages
then is amplified by push-pull power
amplifiers which operate in class AB;.
These AB, power amplifiers also can
use ordinary receiving-tube power am-
plifiers, since they seldom operate at
levels above 25 watts. Here again,
congideration of ruggedness, long life,
or nonmicrophonism can determine the
use of special types which are basic-
ally the same electrically as receiving
tubes. Figure 151 shows a typical
speech amplifier with crystal micro-
phone amplifier, intermediate triode
amplifier, and push-pull AB; power
amplifier circuits. The separate stages
are all the same as those described in
the text.

In frequency-modulation transmitters,
very little power is required for the
incorporation of speech in the carrier
wave, and for this application low-
power class A voltage amplification is
sufficient. The tubes and circuits are
identical with those described in the
foregoing material, with the excep-
tion that no class AB; power stage
is necessary.

h. MODULATORS.

For the generation of large amounts
of audio power required in some
methods of modulation, regular trans-
mitting-type power-amplifier tubes
such as those we have been discussing
can be used. Most high-power audio
amplifiers are operated class B, because
this is the most efficient method of
amplification that still preserves the
input waveshape. In general, trans-
former coupling is used both in the
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input and output circuits, and all high-
power class B amplifiers tend to have
nearly the same circuit regardless of
size (fig. 152). In a class B amplifier,
the grids are biased at cut-off and
plate current flows only when a signal
is present. Therefore, with a speech
wave which is highly irregular, a wide
variation of current is drawn by the
stage. The power supplies for class B
stages must have excellent regulation
or distortion will result.

In some tubes designed specifically for
class B audio service, such as the 811,
advantage is taken of the necessity

INPUT
FROM OUTPUT
SPEECH
AMPLIFIER
T™ 662-161
Figure 152. Class B amplifier, a high-level modulator.
AGO 2244A

(3)

for operating the grids at cut-off, and
the tube is made so that cut-off occurs
with nearly zero grid bias. Therefore,
no bias supply is necessary. These are
called zero-bias tubes. Triodes are
widely used as class B amplifiers be-
cause of the simplicity of the circuits
necessary. However, tetrodes require
considerably less excitation than tri-
odes in class B and they are used occa-
sionally. Because of the shape of the
characteristic curves of beam tetrodes,
they are seldom operated completely
in the class B region; instead, they are
used in the region of AB,, where the
grid is not quite cut off, and some plate
current flows with no signal. Except
for the provision of screen voltage,
such tubes are used in circuits sub-
stantially similar to that shown in
figure 152.

Radiotelephone transmitters can be
modulated in a great variety of ways.
When the carrier amplitude is varied
in proportion to the amplitude of
speech, this is termed amplitude modu-
lation. When the carrier frequency is
varied in proportion to the amplitude,
the system is termed frequency modu-
lation. When the phase of the carrier
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is changed in proportion to the ampli-
tude of the speech, the resultant modu-
lation is termed phase modulation.
Amplitude modulation can be intro-
duced at either a high- or a low-power
stage In a transmitter. Frequency and
phase modulation always are produced
in a low-level stage.

When amplitude modulation is pro-
duced in a low-level stage, all subse-
quent stages must reproduce the am-
plitude of the input wave faithfully.
Therefore, class B stages must be used,
and no frequency multipliers can be
used after the modulated stage. Modu-
lation introduced into the final power
amplifier is termed high-level modu~
lation. The variation of the voltage at
the grids or plate or a combination of
both, proportionate to the input signal,
produces amplitude modulation. If
control-grid voltage is varied, the sys-
tem is termed control-grid modulated.
It also may be screen-modulated, or
suppressor-, or plate-modulated.

(5) Grid modulation in its varying forms

\V.4
AT

requires less power than plate modu-
lation. However, to prevent excessive
plate dissipation when the grid goes
highly positive under modulation, the
tube must be operated with half itg
normal grid-driving voltage. Since
only half the plate current will be
drawn and since power is proportional
to the square of the current, it is clear
that only one-quarter the normal
power input can be used in a grid-
modulated amplifier as compared to the
input of a plate-modulated amplifier.
However, plate modulation requires a
high-power modulation transformer to
couple the audio tubes to the r-f tubes.
This is expensive and cumbersome,
and occasionally the lower efficiency
of grid modulation is tolerated be-
cause of the savings in cost and weight.
Inspection of the plate-modulated am-
plifier in figure 153 reveals that this
is a composite of the high-power triode
amplifier of A of figure 148 and of the
high-power class B modulator of figure
151.
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Figure 153. Plate-modulated power amplifier.
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In the grid-modulated amplifier in
figure 154, the voltage for modulation
is introduced by a small transformer
which is in series with the lead to the
grid-bias supply. The modulator is the
push-pull AB; circuit of figure 151
with the triode amplifier of A of figure
148.

lation of the final amplifier is not de-
sirable, this system is used. The major
elements of high cost in a plate-modu-
lated final amplifier are the modula-
tion transformer and the heavy power
supplies necessary for class B modula-
tor. Engineering compromises some-
times are made to avoid these ex-
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Figure 154. Grid-modulated amplifier.

A low-level modulated stage is usually
a plate- or grid-modulated amplifier
before the final amplifier. Generally,
the buffer or a stage preceding it is
modulated. The circuits are not differ-
ent from those used in high-level
modulators, except that small tubes
and components are permissible. Low-
level modulation has the disadvantage
of requiring class B final amplifiers to
preserve the modulated waveshape,
and these are not as efficient as class
C tubes. However, in some instances
where cost is important and grid modu-

penses. High-level plate modulation,
however, is the most efficient of simple
modulation systems from the stand-
point of modulated-carrier output with
a given final amplifier.

i. POWER SUPPLIES.

(1) Radio transmitters require the appli-
cation of many different voltages and
currents to the various stages. The
high-power tubes used in the final am-
plifier and modulators operate at high
voltages and currents. If an a-c line
is used as the power source, the a-c
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voltage is stepped up in a transformer
and converted into dec by a power rec-
tifier. A of figure 155 shows a typical
high-vacuum rectifier tube, the 836,
which is used to furnish high d-c¢ volt-
age and current for transmitters of
several hundred watts input.

A ‘

Figure 155, Typical transmitter half-wave rectifiers.

(2) The important characteristics of a

high-vacuum diode rectifier are maxi-
mum permissible peak current, maxi-
mum permissible average plate cur-
rent, and maximum permissible in-
verse peak voltage. The cathode can
supply only a limited amount of elec-
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trons, and this limits the peak plate
current. The maximum d-c output cur-
rent that can be carried continuously
without overheating the tube is re-
flected in the maximum permissible
average plate current. The largest
voltage that can be applied to the plate
on the negative half of the a-c cycle
without causing arcing or internal
breakdown is called the maximum
inverse peak voltage.

Materials and construction in high-
vacuum rectifiers are similar to those
used in other transmitting tubes.
High-vacuum rectifiers are used for
developing d-c output voltages up to
several thousand volts, but, in general,
their use is restricted to current ranges
below 400 ma. The hot-cathode mer-
cury-vapor rectifier is a diode, such as
the 872A in B of figure 155, capable
of passing currents up to several am-
peres when the mercury vapor is ion-
ized by collision with the electrons pro-
duced by the cathode. The result is
a low potential drop across the tube of
approximately 15 volts, which per-
mits good voltage regulation even
when the spacing between the plate
and cathode is large. The low voltage
drop, existing in the tube, permits the
use of oxide-coated cathodes with cor-
respondingly high emissivity. The
same rating system applies to mercury
rectifiers as applies to high-vacuum
rectifiers. They require more care in
operation, however. The cathode must
be brought to normal operating tem-
perature before plate voltage is ap-
plied. The tube must operate in a cer-
tain temperature range; otherwise the
mercury does not vaporize properly.
It must be protected from momentary
overloads, because, if the peak ratings
are exceeded, severe damage to the
tube will result. Mercury-vapor rec-
tifiers are used almost universally
where high voltages and high currents
are required. They have the advantage
over high-vacuum rectifiers of much
greater efficiency, better voltage regu-
lation, and higher permissible current.

121. Tuning Procedure

a. The typical transmitter shown in the block
diagram of figure 141 must be adjusted in the
field so that it will perform as intended. The
process of adjustment is called the tuning pro-
cedure. Usually it is needed with all new equip-
ment and is used periodically on equipment in
service. Exact tuning instructions vary from
one piece of equipment to another, of course,
but the same general principles are involved.

b. Basically, almost all tuning procedures
consist of bringing the resonant circuits asso-
ciated with the transmitting tubes to their
proper frequencies. This is done by observing
the variation in a current or a voltage measured
at the grid, plate, cathode, or other element in
the stage being adjusted, or in a subsequent
stage. This means that either the inductive or
the capacitive elements of the resonant circuits,
or both, must be adjustable over a range suffi-
cient to allow adjustment with different opera-
tional conditions and small variations in indi-
vidual tubes.

¢. If the output circuit of a class C amplifier
is tuned through resonance, there is a change
in the current through the tube because the
plate-load impedance is changing. Because the
plate current is in the form of positive pulses,
an average positive direct current is associated
with these pulses of plate current that also will
vary with tuning. Measuring instruments for
dec are much easier to use and construct than
those for rf and ac, and therefore, this change
in d-c plate current in the class C amplifier is
a useful indication of resonance in the plate cir-
cuit. The change is in the form of a dip in
current at resonance. In a stable triode ampli-
fier, this also corresponds to maximum power
output. In tetrodes and pentodes, maximum
power output may not necessarily occur at this
dip. In this case, the screen current may be
a more reliable indication. '

d. In a class C amplifier, the grid current
can be used as a means of determining the
resonance of the input circuit. Maximum grid
current as measured on a d-c meter is a reliable
indication of resonance in the input tank circuit.

e. It sometimes is inconvenient to measure
d-c plate current because of the high voltage
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to which the meter may be exposed. In this
situation, cathode current, as measured at the
center tap of the filament transformer, also
serves as an indicator of plate resonance, al-
though some additional current change is caused
by the grid current. In general, however, the
grid current is but a small fraction of the plate
current and does not materially affect the
measurement.

f. The steps below give a general tuning pro-
cedure for multistage transmitters like those in
the block diagram of figure 141, based on these
principles. Where the stage to be tuned is not
a class C stage, the maximum power output
can be determined by the effect on the grid
current of the clags C stage which follows it.
Maximum power output and optimum coupling
will be indicated by maximum grid current.

(1) Connect the dummy load in place of
the antenna.

(2) Turn all filaments on.

(3) Apply power to the oscillator and first
buffer stage.

(4) Tune the buffer stage for maximum
grid current in the following tube.

(5) Apply plate voltage to the next stage.
If the next section of the transmitter
is a frequency multiplier, adjust the
plate-tank capacitor for minimum
plate current. Do this in each multi-
plier stage, starting with the lowest
frequency.

(6) Check with an absorption wavemeter
or other r-f indicator to make sure
that the output of each stage is at
the desired harmonic of the input
signal.

(7) Apply power to the driver or the buffer
before the final amplifier. Tune its
output circuit for minimum plate cur-
rent. Tune the grid-tank circuit of the
final amplifier for maximum grid cur-
rent. Check to see that this corre-
sponds to the rated grid excitation.
Check the fixed bias supply of the final
amplifier for rated voltage. Retune
the buffer output for minimum
plate current. Adjust the coupling be-
tween the buffer and the final ampli-
fier if the grid current of the final
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stage is not sufficient or is above the
recommended value. Each time an ad-
justment in coupling is made, the tun-
ing process is repeated.

(8) The next step is neutralizing the final
amplifier as described in the beginning
of the chapter. After the stage has
been stabilized, apply final plate
voltage.

(9) Adjust the final-amplifier tank capaci-
tor for a drop in plate current, which
indicates resonance. The transmitter
is now ready to go on the air.

(10) Remove the final plate voltage. Re-
move the dummy load. Connect the
antenna. Reapply final plate voltage
and proceed with communication.

122, Summary

a. Transmitter tubes are classified as diode,
triode, tetrode, pentode, and beam power types.

b. Large transmitter tubes produce large
amounts of heat which must be removed in
order to prevent damage to the tubes and asso-
ciated circuits. This heat is produced mainly
at the plate, but also at any grid drawing
current.

¢. Heat removal can be accomplished by natu-
ral air currents, forced-air cooling, or water
cooling. Blackening the plate also assists in
heat removal. Grids drawing large currents
are constructed with internal tubing through
which water is circulated.

d. Oxide-coated cathodes can be used in trans-
mitter tubes dissipating up to about 50 watts.
For high emission, the thoriated-tungsten cath-
ode is used. A thin layer of thorium is deposited
on the surface of the tungsten during the manu-
facturing process. For very high emission, the
thorium is deposited on a layer of tungsten car-
bide to form a carburized filament. Multistrand
carburized filaments are used in the highest
power transmitter tubes.

e. The ability of a metal to emit heat as
radiation is called its thermal emissivity.
Among the metals used for plates, graphite has
the highest thermal emissivity.
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f. Typical plate materials are graphite, cop-
per, molybdenum, nickel, tantalum, and tung-
sten. Nickel is used for low-power transmitter-
tube plates, graphite and molybdenum for
medium power, tantalum for high power, and
tungsten for extremely high power.

¢. Materials with a high melting point, such
as molybdenum, tantalum, and tungsten, are
used in the construction of grids.

h. Transmitter-tube bases usually are con-
structed of a plastic such as bakelite. For high
power a metal-clad ceramic can be used. At
very high frequencies, no base is used in order
to shorten leads to the tube electrodes.

t. Hard glass with a high softening peint and
good electrical insulating properties is used to
form the envelopes of transmitter tubes.

7. An oscillator is used in transmitters to
generate a radio-frequency signal. Transmitter
oscillators are basically the same as those used
in receivers. The most common transmitter os-
cillator is the crystal-controlled oscillator with
its high degree of frequency stabilization.

k. Class C amplifiers are used to amplify
the output of the oscillator because of their effi-
ciency. If triode tubes are used, they must be
neutralized to prevent undesirable self-oscil-
lation.

l. Buffers are used to prevent a power stage
from loading down the stages preceding it. For
example, a buffer is inserted between an os-
cillator and a power amplifier to prevent the
power stage from changing the operating fre-
quency of the oscillator.

m. A frequency multiplier is used to raise
the output frequeney of a crystal oscillator.
It operates at some multiple of the oscillator
frequency. It can be a frequency doubler,
tripler, or quadrupler.

n. Power amplifiers are used in the output
stages of transmitters to strengthen the modu-
lated carrier for transmission. Usually, they
are operated class C. Class B can be used also
in single-ended operation.

0. Speech amplifiers usually are operated
class A in order to keep distortion at a mini-
mum. High voltage gain, low circuit noise, and
low hum pick-up are desirable.

AGO 2244A

p. Three principle types of mierophones are
used with speech amplifiers. They are the car-
bon, the crystal, and the magnetic microphones.
The carbon has the highest output and the
lowest fidelity; the magnetic has the lowest
output and the highest fidelity.

qg. The modulator builds up the audio signal
and modulates the r-f carrier with its output.
It usually is operated class B for relatively high
power and fidelity.

r. If the audio-signal output of the modula-
tor is injected into the final power amplifier,
the process is called high-level modulation. If
it is injected into some preceding stage, the
process is called low-level modulation. The audio
signal can be injected at any grid or at the
plate of the modulation stage.

s. High-vacuum diode rectifiers and hot-cath-
ode mercury-vapor rectifiers are used to convert
a-c power to the d-c power required by the
transmitter.

t. Tuning a transmitter usually consists of
adjusting resonant circuits to their proper oper-
ating frequencies. Meters usually are incor-
porated in various transmitter circuits to give
resonant indications.

123. Review Questions

a. Why do transmitting tubes differ from
receiving tubes, though of the same general
type?

b. State several methods for removing heat
losses.

¢. What are the advantages and disadvan-
tages of each?

d. Why must good insulation be used between
the various parts of the tube?

e. What types of cathode are used in small
transmitting tubes?

f. Why can they not be used in higher-power
tubes?

g. What is a thoriated-tungsten cathode?

h. What are its advantages and disadvan-
tages?

t. How is it reactivated?

191



4. How can the life of tungsten filaments be
prolonged, and why should the initial surge of
filament current be limited?

k. What are the advantages of water cool-
ing, and what precautions must be observed in
the operation of water-cooled tubes?

I. What is meant by thermal emissivity ?

m. What determines the choice of plate
material ?

n. What are the advantages and disadvan-
tages of the following as plate materials: nickel,
graphite, copper, tantalum, molybdenum?

0. Why must materials that can withstand
high temperatures be used for the grid?

p. What danger is inherent in high secondary
emission at the grid?

q. What types of glass and metal construc-
tion are used in transmitting tubes? Why?

r. Describe briefly, with reference to the
block diagram of figure 141, the function of
each part of the transmitter.

s. What are the radio frequencies used for
communications?

t. What are the requirements for tubes used
as oscillators in transmitters?

#. What are the advantages of crystal-con-
trolled oscillators?

v. What type of amplifier generally is used
for power amplifiers ?

w. Why must triodes be neutralized when
used as r-f amplifiers?

2. How is neutralization accomplished?

9. What are the requirements placed upon a
stage which provides excitation to a class C
amplifier ?

2. Why are frequency-multiplying -circuits
used?
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aa. What is the difference in the waveshape
of the plate current of a frequency multiplier
and a power amplifier using the same tube and
circuit?

ab. Why does the output circuit of a fre-
quency multiplier contain rf of a frequency
higher than that of the input circuit?

ac. Is a frequency multiplier less efficient
than a power amplifier? Why?
~ ad. When are class B power amplifiers used?

ae. What is the difference between a single-
ended circuit and a push-pull circuit with re-
gard to harmonic output?

af. Describe some methods of providing grid
bias to tubes in push-pull and single-ended am-
plifiers operating class C.

ag. Why is a split-stator capacitor or a
grounded center-tapped coil used in a push-pull
circuit?

ah. What are the requirements for the tubes
used as microphone amplifiers?

ai. What types of tubes are used for the gene-
ration of large amounts of audio power? In
what class do they run?

aj. What are the relative advantages of grid
and low-level modulation?

ak. What features are important in a high-
vacuum rectifier tube?

al. Why are mercury-vapor rectifiers used
in preference to high-vacuum rectifiers?

am. What operating precautions must be ob-
served with mercury-vapor rectifiers?

an. What are the indications that the plate
circuits of an amplifier are tuned to resonance?

ao. What are the indications that the grid
circuit is tuned to resonance?

ap. When tuning a transmitter, when should
the final amplifier be neutralized?
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CHAPTER 11

OTHER TUBES

124. Gas-filled Tubes

a. GENERAL. In high-vacuum tubes, discussed
previously, the possibility of an electron collid-
ing with a gas molecule is relatively small. The
following paragraphs discuss tubes in which the
flow of current takes place through relatively
dense gas. A relatively dense gas is meant to
be a gas of approximately one ten-thousandths
of normal atmospheric pressure.

b. CONDUCTION.

0}

(2)

AGO 2244A

When an electron collides with a gas
molecule, the energy imparted by the
impact can cause the molecule to re-
lease an electron. This molecule is
known as an ion. A gas or vapor con-
taining no ions is an almost perfect
insulator. If two electrodes are placed
in such a gas, no current flows between
them. However, gases always have
some residual ionization due to cosmic
rays, radioactive materials in the walls
of the container, and the action of
light. If a potential is applied between
two electrodes in such a gas, the ions
migrate between them, giving the ef-
fect of a current flow. This current is
called the dark current because no
visible light is associated with it. It
is usually about 1 pa.

If the voltage on the electrodes is in-
creased, the current begins to rise.
At a particular value, called the
threshold current, usually about 2ua,
the current suddenly begins to rise
without any increase in applied volt-
age. If there is sufficient resistance in
the external circuit to prevent the cur-
rent from rising quickly, the voltage
drops suddenly to a lower value, and
breakdown occurs. This abrupt change

(3)

takes place as the result of the ioniza-
tion of the gas by electron collision.
The electrons released by the ionized
gas join the stream of electrons and
can liberate other electrons. The proc-
ess then is cumulative. The breakdown
voltage at which this change takes
blace is determined by the type of gas,
the materials used for the electrodes,

their size and spacing, and other
factors.
Once ionization takes place, the cur-

rent can rise to 50 ma or more with
little change in the applied voltage.
If the voltage is raised still farther,
the current becomes higher and the
electrode acting as the cathode be-
comes heated by the bombardment of
the ions which strike it. If it gets hot
enough, it emits electrons by thermi-
onic emission. This emission reduces
the voltage drop in the tube, causing
further increase in current and greater
emission and ionization. The cumu-
lative action results in a sudden de-
crease in voltage drop across the tube,
and the current rises to the extremely
high value of several amperes. Unless
the tube is designed specifically to
operate under this condition, it can be
destroyed by the heavy current. The
mechanism just described is the basie
process for the formation of an are,
and tubes which operate at these high
currents are called arc tubes. In the
region up to 50 ma, the tube usually is
small and is called a glow tube, from
the colored light it produces. The fa-
miliar neon sign is such a glow tube
with neon as the gas.
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CURRENT

(4)

In figure 156 the dark-current region
described above is shown from A to
B. The breakdown-voltage point is at
B. The drop in voltage and the sudden
rise in current (threshold current)
with little change in voltage are shown
between C and D. The current con-
tinues to rise until an arc takes place
at E, with a sudden drop in voltage
and a great increase in current in the
arc from F to G. The many varieties
of arc, glow, and other gas tubes, all
operate on some portion of the com-
plete curve.
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Figure 156. Graphical relations in gaseous conduction.

¢. DIODES.
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1

(2)

A gas-filled tube in which two elec-
trodes are inserted is called a gas
diode. The electrode to which the posi-
tive potential is applied is called the
plate and the other is the cathode, as
in vacuum tubes. The cathode in a
gas diode can be an electrode like the
plate, or it can be a thermionic emitter.
The former is known as a cold cathode,
and the latter as a hot cathode.

Cold-cathode tubes are used for many
purposes. Among these are voltage
regulation, rectification, oscillation,
circuit protection, and light produc-
tion, as for neon signs.

(3) Referring to figure 156, the small

change of voltage from D to E is util-
ized in a voltage-regulator circuit, In
the simple circuit shown in figure
157, the black dot within the envelope
signifies that the tube is filled with
gas. The resistance, R, is high enough
to limit the tube current to the con-
stant-voltage range when the load cur-
rent is low. When the load current
increases, the voltage drop across R
increases and reduces the tube voltage.
A small reduction of tube voltage in
this range, called the normal region of
the glow discharge, results in a large
decrease in tube current, which de-
creases the voltage drop across R.
Therefore, small variations of load cur-
rent cause compensating variation in
tube current, and the voltage across
the tube remains essentially constant.
A typical tube used in this ecircuit is
the OD3/VR150.

R
AAAY
PLATE
UNREGULATED REGULATED
DC [ X} Ry
COLD
CATHODE

=

TH 662~166

Figure 157. Simple voltage regulator circuit.

(4) Cold-cathode tubes rarely are used as

rectifiers because of their high volt-
age drop, although a variation of the
cold-cathode tube is used where fila-
ment power for a heater-cathode rec-
tifier is difficult to obtain. An example
of a cold-cathode rectifier is used in
vehicular equipment. The principle of
operation is based on the heating of
the cathode under ionic bombardment
in the region of the curve between F
and G (fig. 1566). The ion-heated cath-
ode makes this tube a hot-cathode type
without the application of heater
voltage.
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(5)

(6)

If a gas diode with a cold eathode is
connected as shown in A, figure 158,
the resulting circuit is known as a
relazation oscillator. With a d-c input,
capacitor C charges through the high
resistance of R. The voltage across
the capacitor rises as the capacitor
charges. When the capacitor voltage
becomes equal to the breakdown volt-
age, the glow tube fires, and the capac-
itor discharges through the tube. The
capacitor discharges very quickly to
a voltage equal to the extinction volt-
age of the tube. This is the voltage at
which the tube ceases to conduct.
Consequently, the capacitor begins to
charge again. The output voltage is
a sawtooth. Several cycles of capaci-
tor charge and discharge generate the
waveform shown in part B.

Glow tubes are used widely for the
protection of circuits. If a circuit may
be damaged by the application of high
voltages for short periods of time, a
tube such as the NE-2 can be con-
nected across it. The tube conducts

D-C l OSCILLATORY

¢ OUTPUT

K

OUTPUT VOLTS —

g

RELAXATION OSCILLATOR

TIME —

OSCILLATOR QUTPUT B

TM 662-167

Figure 158. Relaxation oscillator and waveform
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produced,

(7)

C))

9

during the high-voltage period, acting
as a low resistance which prevents the
high voltage from damaging the cir-
cuit. When the high voltage is re-
moved, the NE-2 stops conducting and
the circuit performs normally.

Hot-cathode gas-filled tubes are im-
portant in power rectification. The
gas most frequently used is mercury
vapor, and the tubes are called mer-
cury-vapor rectifiers, of which there
are two types. One has an oxide-coated
filament heated by an a-c current; the
other uses a pool of mercury for a
cathode.

Mercury-vapor rectifiers with fila-
ments, such as the 866A, are able to
pass much higher currents than high-
vacuum rectifiers because of the ion-
ization of the mercury vapor. The
mercury ions make it unnecessary to
rely on the electrons produced by the
filament alone., The filament is used
merely to start the ionization. The
heat from the filament vaporizes the
small amount of liquid mercury incor-
porated in the tube envelope. This
tube has a very high efficiency in
power rectification because of its low
voltage drop. The plate efficiency of
a large mercury-vapor rectifier easily
can approach 99 percent. Moreover,
the tube drop does not vary with a
varying load, and therefore the voltage
regulation is better than that obtained
with a high-vacuum rectifier tube.

Arc tubes which use a pool of mercury
as the cathode are known as mercury-
pool rectifiers, an example being the
5554. This tube is capable of supply-
ing 75-ampere dc continuously. The
initial ionization is provided by an arc
started between a subsidiary electrode,
called the ignitor, and the cathode.
The ionization results in greatly in-
creased current. Since the ignitor
must be used to start the are, the tube
can be controlled by small pulses of
current to the ignitor, and thus hun-
dreds of amperes can be controlled by
a small amount of current.
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d. THYRATRONS.
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(1)

(2)

3)

If a grid is placed between the cathode
and the plate of a gas tube, the volt-
age at which breakdown occurs can be
controlled by the voltage on the grid.
The entire plate surface in this tube
usually is shielded by the grid before
breakdown. The grid is placed close
to the plate to prevent discharge be-
tween the two. If such a discharge
does take place, it is only in the unim-
portant dark-current range. In a grid-
controlled gas discharge tube, the
plate-supply voltage exceeds the plate-
cathode breakdown voltage and the
grid is held either 0 or negative with
relation to the cathode. Under these
conditions, breakdown does not take
place.

If the grid voltage is raised, break-
down occurs between the grid and the
cathode. This ionizes all the gas in the
tube, and the discharge continues with
plate-cathode current flow. Resistance
in series with the grid limits its cur-
rent on breakdown to a safe value.
After breakdown, the grid no longer
can control the discharge. If it is made
negative with relation to the cathode,
positive ions surround the grid wires,
and electrons are repelled from them.
The discharge then is shielded com-
pletely from the grid. To re-establish
grid control, the plate potential must
be reduced to the extinction potential
of the cathode-plate discharge.

This principle of grid control can be
applied to almost any gas-discharge
tube. It is used with cold-cathode, hot-
cathode, and arc tubes. All of these
types are given the generic name
thyratron. Where a hot cathode is
used, as in the 2D21 or 884, the grid
acts primarily as a shield between the
plate and the cathode, preventing
electrons emitted by the cathode from
ionizing the gas between the elec-
trodes. By proper electrode arrange-
ment a positive voltage on the grid is
needed to start the discharge.

PLATE DISCHARGE VOLTAGE (V) ———~——
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The effectiveness of grid control is in-
dicated by the grid-control character-
istic curve for the 844 in figure 159.
The curve shows the relationship be-
tween the plate voltage which must
be applied with a given grid voltage
to cause the tube to conduct. If the
grid is below —30 volts, no amount of
plate voltage can fire the tube. If the
grid is above —30 volts, conduction
begins within a few microseconds after
the proper plate voltage is applied,
depending on the gas used. Mercury
vapor is common for most devices
where the thyratron is used to control
power, motors, etc. Hydrogen, how-
ever, is used where extremely rapid
firing time is needed, as in radar ap-
plications. This is because of the light-
ness of its ions and the speed with
which they move.

The discharge of a gas tube can be
controlled also by a grid external to
the tube in contact with the glass.
This principle is used in stroboscopic
lighting for photographic purposes. A
magnetic field can be used to control

J//

\
-50 —40 -30 ~20 =10 o]
GRID VOLTAGE (V) —————
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Figure 159. Grid-control characteristic of the 884.
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the discharge. The field raises or
lowers the firing voltage as it deflects
the electrons leaving the cathode. This
principle is used in the control of high-
power rectifiers. The discharge be-
tween the cathode and the plate also
can be initiated by means of two
auxiliary electrodes that are made to
start a glow discharge between them.

125. Phototubes

. GENERAL. An important class of tubes is
that in which the output current is controlled
by light falling on the tube. This photoelectric
effect is the emission of electrons from metallic
surfaces under the action of light. The number
of electrons released in a unit time by light of
a definite wavelength is directly proportional
to the intensity of this light. The energy that
these electrons have is directly proportional to
the frequency of the light. There is a lower
limit to the frequency below which insufficient
energy is imparted to the surface to cause
emission. Photoelectric tubes, like the human
eye, are not equally responsive to all wave-
lengths, or frequencies. For this reason, the
response of a phototube to any given amount
of light depends on the distribution of light
frequencies present.

b. CONSTRUCTION.

(1) A phototube consists basically of two
electrodes in an evacuated glass bulb.
One of these is the cathode, which
emits electrons when light is allowed
to fall on it. These electrons are drawn
to the plate by application of a positive
voltage.

(2) The sensitivity of a phototube depends
on the frequency, or color, of the light
used to excite the tube. Different
phototubes are manufactured to pro-
vide different sensitivity character-
istics for various applications. Some
are particularly sensitive to red light,
some to blue light, and some have re-
sponse characteristics similiar to those
of the human eye. The sensitivity of
a given tube always is specified in
terms of the light frequencies used to
excite it.
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(3) The internal construction of the typ-

ical 929 phototube (fig. 160) is almost
self-evident. The half-cylinder visible
inside the tube is the photosensitive
cathode. It is covered with a multiple
layer of the rare metal cesium over-
laid on cesium oxide, which in turn lies
on a layer of silver. The plate is the
small rod in the center.

TMEEE~169

Figure 160. Typical phototube.

¢. VACUUM, GAS, AND MULTIPLIER TYPES.
(1) If a small amount of gas is introduced

in the evacuated envelope, the gas, by
ionization, increases the amount of
current that the tube is able to pass
for a given amount of cathode illumi-
nation. Gas phototubes, such as the
930, have a higher sensitivity than
corresponding vacuum types, such as
the 929, and are used principally for
reproduction of sound from sound mo-
tion pictures. However, the high-
vacuum type is more stable, less easily
damaged by higher than rated voltage
or current, and has a higher internal
resistance. The gas ions strike the
cathode and produce appreciable sec-
ondary emission that also increases
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the sensitivity. Consequently, the
characteristic curves of vacuum and
gas phototubes are noticeably dif-
ferent.

Figure 161 shows the relationship, in
the 929 and the 930, between the plate
current and the plate voltage for vari-
ous amounts of light. The curvature
in the characteristic of the gas photo-
tube caused by gas ionization is notice-
able, and the increased current change
for a given light change also is appar-
ent. Gas phototubes must not be oper-
ated above their rated voltage or a
glow discharge takes place between
the plate and the cathode which can
injure or destroy the delicate photo-
sensitive surface.
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PHOTOTUBE /

930 Y/
/
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N
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PLATE VOLTAGE (V) ———

TM 662-170

Figure 161. Comparison between control characteristics
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of the 929 and the 930.

(3) To increase the sensitivity of photo.

tubes still farther, the mechanism of
secondary emission is utilized in tubes
like the 931-A. The initial electron
emitted from the cathode is directed
to strike against a series of subsidiary
plates called dynodes (fig. 162). Each
dynode has a surface treated for high
secondary emission. As the initial elec-
tron strikes the first dynode, several

ELECTRON

secondary electrons are released.
These, in turn, strike the second dyn-
ode, each one emitting several second-
ary electrons. With the nine dynodes
used in this tube, the amplification
that can be achieved is enormous.
These tubes are used wherever ex-
tremely high sensitivity, exceeding
that of the human eye, is required.
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Figure 162. Operation of secondary-emission multiplier.

d. CIRCUITS AND APPLICATIONS.

(1) The current passed by a phototube is

very small. Therefore, vacuum-tube
amplifiers having one or more stages
of amplification generally are used to
build up these currents. The current
change in a phototube is converted into
a voltage change by passing it through
a high resistance. Then this voltage
is applied to the grid of a vacuum tube
(fig. 163). A battery supplies the
necessary plate voltage to both the
amplifier and the phototube. Another
voltage is necessary to provide nega-
tive bias for the amplifier tube and a
return for the current from the photo-
tube cathode. When the current in
the phototube increases under the ac-
tion of light, its cathode emits elec-
trons, making the grid of the tube
more positive. This increases the plate
current which, in turn, operates the
relay in series with the plate. The re-
lay is provided with auxiliary contacts
that actuate whatever circuit is being
controlled.
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Figure 163. Basic phototube control circuit.

(2) For the production of sound from a
source of light which has been modu-
lated in intensity in proportion to the
strength of the sound, the circuit of
figure 164 is used. This is a conven-
tional resistance-coupled amplifier
which recovers the a-¢ component of
the phototube output caused by the
variation of the light from the cathode
end of the phototube load resistor.

!
DIRECTION
OF LIGHT =

TM 662-173

Figure 164. Phototube circuit for reproduction of sound.

126. Electron-ray Indicators

a. Electron-ray indicators (fig. 165) are used
widely in radio receivers to indicate proper tun-
ing. In addition, they find application as null
indicators in bridge circuits and other apparatus
in which a visual indication of small voltage
changes is necessary. Most indicator, or magic-
eye, tubes contain two sets of elements, one of
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Figure 165. Cutaway view of 6E5 electron-ray indicator.

which is a triode amplifier. The other section
is a cathode-ray indicator.

b. The electrons emitted by the cathode strike
the conical plate, or target. This target is coated
with a fluorescent paint that glows under the
impact of the electrons. A small wire electrode
called the ray-control electrode is parallel and
close to the cathode. It deflects some of the
electrons emitted from the cathode, producing
a shadow on the target. This shadow is wedge-
shaped, and the angle of the wedge varies with
the voltage on the ray-control electrode. The
plate of the internal triode amplifier is con-
nected to the ray-control electrode, and there-
fore the shadow angle varies with the negative
voltage applied to the grid of this triode. When
the ray-control electrode is at the same poten-
tial as the target, the shadow closes completely.
If the ray-control electrode is less positive than
the plate, a shadow appears which is propor-
tional in size to the difference in voltage. Since
the voltage on the electrode is the same as
that of the internal triode plate, the shadow
angle increases with a more positive grid
voltage.

127. Tubes for High Frequencies

a. As the operating frequency of an electron-
tube circuit is increased, certain properties of
the tube which heretofore have been negligible
become important. One of the principal proper-

199



ties, usually neglected at low frequencies, is the
capacitance between the various tube electrodes.
In addition, the wires which connect the ele-
ments of the tube to the base and the tube
elements themselves have small but definite
amounts of inductance with appreciable reac-
tance at higher frequencies. Also, the tube is
affected by the finite time required for an elec-
tron to travel from the cathode to the plate.
If this time interval, called the transit time,
becomes appreciable in respect to the applied
frequency, the normal phase relationships of
plate and grid voltages cease to hold.

b. Special tubes at high frequencies are
needed to overcome these various effects. The
effect of the lead inductance can be decreased
by using short leads, omitting the usual base
and, in some cases, making the tube an integral
part of the circuit for which it is designed. The
tube shown in figure 166 with external ring
electrodes illustrates the methods used for over-
coming the various problems. This is known
from its physical appearance as a lighthouse
tube. The elements are as small as possible.
They are arranged in a set of parallel planes to
expose a minimal amount of surface area. Short,
heavy metal rings are used instead of leads,
and the elements are spaced close together so
that it takes little time for an electron to travel
from the cathode to the plate. The transit time,
which can cause undesirable shifts in the phase
of plate and grid voltages, is reduced.

¢. Other high-frequency tubes incorporate
similar structural refinements to achieve am-
plification at high frequencies. Miniature con-
struction is customary for small receiving tubes
in the frequency range below 200 mec. These
tubes are all glass with short stem leads brought
out at the base. The electrodes are small, and
close spacing is used. The space-saving features
of miniature construction make it desirable for
many receiving applications, and the high per-
formance of these tubes even at medium fre-
quencies causes their use to be widespread.

128. Microwave Tubes

o. Above 8,000 mec, the limitations brought
about by transit time, stray capacitance, and
lead inductance become so severe that designs
based upon tubes with control grids are not
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Figure 166. Lighthouse tube 2C43.

practical. Because the length of radio waves
at these frequencies is less than 3 inches and
as small as 14-inch, the tubes are necessarily
of a size equal to or greater than a wavelength.
When these tubes are used as oscillators or
amplifiers, it is necessary to incorporate tuned
circuits in the tube itself. These resonant cir-
cuits usually are in the form of cylindrical
cavities hollowed out of the metal structure of
the tube itself,

b. Figure 167 is a cutaway view of a tube
that is used as an oscillator in this range. It
is called a magnetron, because it consists essen-
tially of a diode with a strong magnetic field
parallel to the axis of the cathode. This mag-
netic field causes the electrons which leave the
cathode to move in a gpiral path before striking
the plate. As the clouds of electrons spiral past
the resonant cavities in the plate, they cause
the latter to oscillate in much the same manner
as a bottle can be made to produce a musical
note by blowing a stream of air across its
mouth. If the dimensions of the cavities are
sufficiently small, the frequency can be raised
to as high as 30,000 mec. Large amounts of
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power can be produced by this tube at high effi-
ciency, although it can operate only as an oscil-
lator. Its frequency is determined mainly by
the mechanical dimensions of the tube and
cavities.

pulsation. Therefore, amplification takes place
between the input and output resonators.. The
tube can be used as an oscillator if some power
from the output is coupled back to the input in
the proper phase.

TMESE-ITE

Figure 167. Operational and cutaway view of typical magnetron.

¢. The magnetron is not a very flexible oscil-
lator tube. The klystron tube in figure 168 can
operate as an amplifier or oscillator over a small
tunable range. Its operation depends on the
changes introduced in the velocity of a stream
of electrons by alternately slowing it down and
speeding it up, using the transit time between
two points to produce an alternating current.
This current delivers power to a resonant cir-
cuit in the form of a cavity.

d. The cathode emits a stream of electrons
which is smoothed out to uniform velocity by
the smoother grid. A radio-frequency field is
applied to the grids of the input cavity resona-
tor. This imposes a varying velocity on the
stream, retarding or speeding it up. In the
drift space, the electrons that have been speeded
up will overtake those that have been slowed
down on an earlier cycle. This produces a still
stronger pulsation in the electron stream as it
passes through the grids of the output cavity
resonator. The latter takes power from the
stream if it is tuned to the frequency of the
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e. Small tubes, called reflex klystrons, have
been designed solely for use as local oscillators
in microwave superheterodyne receivers. They
use a single-cavity resonator, the electron
stream passing through it twice—once in a
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Figure 168. Operation of typical klystron.
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forward direction and then reflected back
through the cavity again. They can be tuned
over a wide range of frequencies, but have
limited power output. This is the klystron most
frequently used in microwave equipment.

f. Both the klystron and the magnetron make
use of electron streams or beams to operate at
microwave frequencies. They transfer energy
to cavity resonators through these electron
streams. The cavity resonator is a device with
an inherently high ratio of reactance to resist-
ance. In other words, it is equivalent to a tuned
circuit with a very high Q. At a resonant fre-
quency of 10,000 me a Q of 5,000 is frequent.

129. Cathode-ray Tubes

a. When electrons strike certain substances
with sufficiently high velocities, the substances
give off visible light. This principle is utilized
in the cathode-ray tube, in which electrons
strike a coated screen, causing it to fluoresce.
The cathode emits electrons which are acceler-
ated forward, formed into a thin pencil or beam,
and allowed to strike a fluorescent screen.

b. Figure 169 shows two types of cathode-ray
tube. In A, electrons leaving the cathode pass
through a control grid. The control grid deter-
mines the number of electrons that can pass,
and consequently, the intensity of light emitted
from the screen, After leaving the control grid,
the electrons are focused in a thin beam by the
focusing anode, and the velocity of the electrons
is increased by the accelerating anode. The
electron stream is then directed as desired at
any portion of the screen by two pairs of de-
flection plates, which can be compared with
the plates of a capacitor. A plate with a nega-
tive charge repels the electrons, and a plate
with a positive charge attracts the beam. Be-
cause this effect is caused by an electrostatic
field between the plates, this cathode-ray tube
is known as an electrostatic-deflection type.

¢. In B, a magnetic-deflection type of cathode-
ray tube is shown. The focusing anode is re-
placed by a focusing coil, and the deflection
plates by a deflection coil. These coils are
wound externally about the neck of the tube.
The coils serve the same purposes as the anode
and plates of the electrostatic type.
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Figure 169. Basic cathode-ray tubes using electrostatic
and electromagnetic deflection.

d. The usefulness of the cathode-ray tube is
due to the ease with which the electron beam
can be diverted from its straight path by an
electrostatic or electromagnetic field. In the
electrostatic tube, two small pairs of plates are
located at right angles to each other. A volt-
age applied to one pair deflects the beam up or
down; applied to the other pair, it deflects the
beam right or left. This control can be accom-
plished magnetically by coils external to the
tube whose magnetic fields deflect the beam.
Electrons have little inertia and can be deflected
almost instantaneously. Therefore, the beam
can move back and forth or up and down at
rapid rates, even up to the very high radio fre-
quencies. When the beam moves at rapid rates,
it seems to trace a line on the screen.

e. The cathode, grids, and anodes controlling
the intensity and focus of the electron beam
usually are assembled in one unit, called the
electron gun. It is possible to put more than
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one electron gun in a single tube envelope. The
tube then can be used for the comparison of
several independent voltages at the same time.

130. Summary

a. Gases conduct electric currents by ioniza-
tion of the gas molecules.

b. Cold-cathode tubes are used for the pro-
duction of light, voltage regulation, rectifica-
tion, protection of circuits, and as relaxation
oscillators.

¢. Hot-cathode and ionic-heated cathode tubes
are used principally as rectifiers if they are di-
odes and as control tubes for large amounts of
current if they are triodes of thyratrons.

d. Phototubes convert the light falling on
them into a variation of current flow. The cur-
rent is passed through a resistor to provide a
control voltage for the operation of an amplifier.

¢. The multiplier tube uses dynodes which
increase the emission by releasing secondary
electrons when they are struck by an electron
from the light-sensitive surface.

f. Electron-ray indicators portray visually
the value of a d-c voltage, by causing a shadow
to appear on the surface of a fluorescent screen.

g. At very high frequencies the interelectrode
capacitances, lead inductance, and transit time
of standard vacuum tubes become so great that
compact designs are necessary with low induc-
tance and capacitance and with short transit
time.

k. The magnetron is a diode in a strong mag-
netic field which causes the electron stream to
move in a spiral path before it reaches the
plate.

1. The klystron uses the variation in velocity
produced in an electron stream passing through
the field of a cavity resonator
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7. Cathode-ray tubes are used in oscilloscopes
for the visual display of waveforms and radar
information, and in television receivers.

131. Review Questions

a. Describe the causes of current flow in a
gas.

b. What happens at each stage in the current
flow?

¢. What are the principal uses for cold-cath-
ode tubes?

d. Describe the function of the cold-cathode
tube in each of these applications.

e. What is the most important application
of hot-cathode gas-filled tubes?

f. Describe the operation of a thyratron.

¢g. What is the purpose of a mercury-pool
rectifier, and how does it work?

k. Describe the construction and operation
of a vacuum phototube.

1. How is the sensitivity of a phototube in-
creased?

j. Describe the operation of a multiplier type
phototube.

k. Describe the function of the ray-control
electrode in the electron-ray indicator.

I. What factors influence the operation of
tubes at high frequencies?

m. How do tubes used at high frequencies dif-
fer from those used at low frequencies?

#n. What are the principal types of micro-
wave tubes?

0. Describe the operation of a magnetron.
». Describe the operation of a klystron.

q. Describe the principal parts and operation
of a cathode-ray tube.

r. What two types of deriection are used in
cathode-ray tubes?
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CHAPTER 12
TUBE MANUAL

132. Electron-tube Electrode Connections

a. The various types of electron tubes dis-
cussed in this manual all must have some means
of applying potentials and making connections
to the various electrodes within the envelope.
The external leads take the form of tube prongs,
pins, or caps. Usually, a group of prongs or
pins is built into a tube base. The base mate-
rial often is bakelite, although other insulating
materials are used. Sometimes the connecting
leads take the form of pins which are built into
the tube envelope itself. Occasionally, metal
caps are bonded to the tube envelope and the
tube electrodes are connected to these caps
through the envelope. The specific method
used depends on the particular tube involved.

b. The early triode receiving tubes used a
four-prong base. Two of these prongs were
connected internally to the filament, and the
other two were connected to the grid and the
plate. The two filament prongs were slightly
larger in diameter than the other prongs, so
that the tube could be inserted properly in a

corresponding four-hole socket. This arrange-
ment still is used for some modern tubes. It is
necessary to insert the tube properly so that
the proper operating voltages can be applied to
the correct electrodes. Unless some such method
is used to key the tube, it can be damaged by
improper placement in its socket. Other meth-
ods have been used to key the four-pin base.
One method involves the use of a small metal
projection on the tube base which permits the
tube to be inserted in its socket in only one
manner. Another method is to arrange the
base pins in such a pattern that the tube can
be inserted into its socket in only one way.

¢. With the advent of more complex tubes,
it became necessary to add more connecting
pins to the tube base. The five-, six-, seven-,
eight-, and nine-pin bases were introduced. All
of these bases are keyed by means of large diam-
eter pins, placement of the pins, or the addition
of special fittings on the tube base which permit
the tube to be inserted in the socket only one
way (fig. 170).

® ©® @ @ ® @ @@ @@
@ @ @Q@
® © @ @ @ @ ®
4-PIN BASE 5-PIN BASE 6-PIN BASE 7-PIN BASE 8-PIN BASE
a4
4 6
/o) 5°%0
3(o oV
2 6 o) o
2 o © 8
1 7 1 9
7-PIN 9-PIN
MINIATURE MINIATURE
TM 662-179

Figure 170. Common electron-tube bases showing arrangement of pins.
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d. One of the most widely used of these mul-
tipin bases for receiving tubes is the eight-pin
or octal base. In this base all the pins have the
same diameter and they are uniformly spaced.
However, at the center of the base is an insulat-
ing post which has a vertical ridge. This acts
as a key or gfiide pin which fits in a keyway in
the tube socket. Thus, the tube can be inserted
in only one way. The original idea of the octal
socket was to have similar electrodes of any
type of tube connected to the same pins, so that
some degree of standardization would result.
If any of the pins are not used they are left off
the base, or no connection is made to them.

e. A variation of the octal base is used with
lock-in receiving tubes. The base of such tubes
also has eight pins. However, the contact pins
are sealed directly into the glass envelope and
no insulating base is used. The bottom portion
of the envelope is fitted with a metal shell and
a metal key or guide pin. This guide pin has a

8-PIN (LOCTAL)

7-PIN (MINIATURE)

vertical ridge like the one used in the octal base.
A groove around the bottom of the locating pin
fits into a spring catch in the socket. This holds
the tube firmly in the latter.

f. Another variation in the base of receiving
tubes is used with miniature glass tubes. These
tubes are becoming popular in modern elec-
tronic equipment because of their small size
and many other desirable characteristics. Con-
tact pins of these tubes are sealed directly into
the glass envelope. Either seven or nine pins
generally are used. Because of the additional
spacing between two of these pins (fig. 170),
the tubes cannot be inserted improperly in their
sockets. Figure 171 illustrates six different
types of electron-tube bases and their corre-
sponding sockets.

¢g. Transmitting and special purpose tubes
use sockets and methods of connection which
are subject to considerable variation. Some
small transmitting tubes use a base structure

ACORN

™ 664.55

Figure 171. Receiving-type electron-tube bases and corresponding sockets.
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similar to that used for receiving tubes. How-
ever, the larger types use special connections
and terminals which are not at all standardized.
Special high-frequency tubes use connection
methods which conform with their special re-
quirements. Cathode-ray tubes may use con-
ventional octal sockets or sockets which have
more than eight pins. A few commonly used
bases for these tubes are the magnal (eleven-
pin), duodecal (twelve-pin), and the diheptal
(fourteen-pin).

h. A standard system has been set up for
numbering the base pins of the common tube
bases. The pins are numbered consecutively in
a clockwise direction looking up at the bottom
of the tube base. When fewer than eight pins
are required, the unnecessary ones are omitted
and the spacing and the numbering of the re-
maining pins are unchanged. In the octal and
lock-in types, pin 1 is the pin directly clockwise
of the ridge on the guide pin, as in figure 170.
In the miniature types, pin 1 is the clockwise
pin of the two widely spaced pins. Other des-
ignations are as shown in the figure.

1. Some attempts at electrode connection
standardization have been attempted by elec-
tron-tube manufacturers. These were only
partly successful, because of the tremendous
variety of tubes which have been manufactured.
A good many receiving tubes, however, do show
a degree of uniformity in pin connections worth
noting. For example, in the four-pin base, pins
1 and 4 usually are connected to the filament,
pin 2 is connected to the plate, and pin 3 is
connected to the control grid. In the five-pin
base, pins 1 and 5 frequently are connected to
the heater, pin 2 is connected to the plate, pin
3 is connected to the control grid, and pin 4
is connected to the cathode. When a five-pin
base is used for a pentode tube, it is common
practice to make the same connection as above
except that the screen grid is connected to pin
3, and the control grid is connected to a grid
cap at the top of the tube. The suppressor grid
is connected internally to the cathode. In the
gix- and seven-pin bases, pins 1 and 6 and pins
1 and 7 frequently are used as the heater con-
nections. In the octal base, pin 1 usually is
connected to the metal envelope or internal
shield, pins 2 and 7 are connected to the heater,
pin 3 is connected to the plate, pin 4 is con-

206

nected to the screen grid, pin 5 is connected to
the control grid, and pin 8 is connected to the
cathode and the suppressor grid. In the lock-in
tube base, pins 1 and 8 usually are the heater
connections. It must be emphasized that the
wide variety of tube types makes it impossible
to adhere rigidly to these pin connections.

133. Electron-tube Type Designation

a. Every electron tube is identified by a num-
ber or a combination of numbers and letters. In
1933 a systematic method of designation was
developed. So many different types of tubes
have been introduced since that time that it
has become impossible to adhere rigidly to the
system that was set up. However, some of the
original ideas contained in this system are still
being followed.

b. The type number of a tube is divided into
four parts. First, a number consisting of one
or more digits designates the filament or heater
voltage. Second, one or more letters designate
the type or function of the tube. Third, a num-
ber designates the number of useful elements
in the tube. Fourth, one or more letters desig-
nate the size or construction. For'example, the
type 2A3 is a power triode which requires a
filament voltage of about 2 volts (actually 2.5
volts), it is an amplifier tube, and it has three
useful elements. The fourth part of the desig-
nation is omitted. The type 5Y3-G is a duo-
diode which requires a filament voltage of 5
volts, it is a rectifier (letters from U to Z are
used for rectifiers), and it has three useful ele-
ments. The letter G indicates that the tube
has a glass envelope. The type 50L6-GT re-
quires a heater voltage of 50 volts, it is a beam
power amplifier (the letter L is used for such
tubes), and it has six useful elements if the
heater and cathode are considered separately.
The letters GT indicate the use of a glass en-
velope somewhat smaller than the conventional
size.

¢. Because of the thousands of different types
of receiving tubes that are manufactured, there
are probably more exceptions to this system of
designation than there are tubes which follow
it completely. The situation is even more con-
fused for transmitting tubes because each man-
ufacturer has his own system of designation.
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It is possible to find tubes of practically identi-
cal characteristics made by different manufac-
turers with completely different type designa-
tions.

d. The situation so far as cathode-ray tubes
are concerned is somewhat better. A logical
system of designation is being used by nearly
every manufacturer. In this system, there is
first a number consisting of one or two digits
which gives the screen diameter in inches. Next,
there is a letter which designates the manufac-
turer’s order of registration of the particular
tube. Finally, there are a letter and a number
which indicate the specific type of screen mate-
rial used. These screen materials or phosphors
have been fairly well standardized as far as
their operating characteristics are concerned.
Sometimes, a letter is added to the designation
to indicate a modification in the basic cathode-
ray tube. The heater voltage of most cathode-
ray tubes is standardized at 6.3 volts. As an
example, consider the 5AP4. This tube has a
5-inch screen diameter and it is the first tube
of its type registered by a specific manufacturer.
The tube uses a type P4 phosphor, whose color
of fluorescence is white and whose persistence
is medium.

e. Because of the lack of standardized tube
designations for both receiving and transmit-
ting tubes, and because of the impossibility of
disclosing the many operating characteristics
by means of a simple designation, it often is
necessary to refer to a tube manual.

134. Information in Tube Manual

. Most manufacturers of electron tubes have
available listings of their particular tubes with
the characteristics and technical descriptions.
In some cases, this listing is small as it includes
only a few special-purpose tubes or the tubes
manufactured by a small manufacturer. On
the other hand, if a manufacturer who produces
many different tube types prepares such a list-
ing, a useful publication results. Several such
publications do exist and they are known as
tube manuals. The largest tube manuals, which
include several hundred pages or more, list only
receiving-type electron tubes. When tube man-
ual is referred to in this chapter, the receiving
tube manual is meant.
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b. Although no two of these tube manuals
are identical, they all contain more or less the
same type of information. Some manuals are
so designed that pages describing new tube
types can be inserted to keep the books up-to-
date. Other manuals are revised and reprinted
from time to time when a sufficient number of
new tubes have been produced.

¢. The tubes are listed according to the nu-
merical-alphabetical sequence of their type des-
ignations. The schematic symbol of each tube,
showing the base-pin connections to the various
electrodes, is given. A brief description of the
tube is included in some manuals as an intro-
duction to the tube characteristics. Next, the
physical specifications are designated. These
include information concerning the dimensions
of the envelope, the type of base, and sometimes
the preferred mounting position.

d. Following the physical specification, the
electrical ratings are given. These include in-
formation regarding the filament or heater
voltage and current, as well as the maximum
electrical ratings of the tube. Maximum plate
and screen voltages, maximum plate and screen
dissipations, and peak heater-to-cathode volt-
age are included. In addition, the interelectrode
capacitances of some types are listed. If the
tube has other modes of operation (for example,
a pentode operated as a triode or a pentode op-
erated in push-pull), additional ratings and
electrical specifications frequently are given.

e. Next, typical operation of the tube is
shown. Figures for the following often are in-
cluded: typical electrode voltages, required
value of cathode bias resistor, peak signal volt-
age, typical electrode currents under conditions
of zero and maximum signal, required value of
load resistance, power output, and total har-
monic distortion. In addition, values of am-
plification factor, transeconductance, and plate
resistance are supplied. If the tube commonly
is operated under different conditions, a com-
plete set of typical operating values frequently
is included. For example, in one tube manual,
maximum ratings and typical operating values
are given for the 6L6 (beam power amplifier)
under the following operating conditions: sin-
gle-tube class A amplifier, single-tube class A
amplifier (triode connected), push-pull class A
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amplifier, push-pull class AB; amplifier, and
push-pull class AB, amplifier. Ratings also are
given for most of the foregoing, using fixed
bias or cathode bias.

f. Following the typical operating values is
a section dealing with specific applications.
Special installation notes having to do with the
particular tube type also may be supplied, and
unusual features of the tube are discussed.

g. Finally, one or more families of curves
depicting the operation of the tube are shown.
Usually these curves are the average plate char-
acteristics for various values of grid voltage.
Sometimes one or more load lines are drawn on
the characteristic curves. In some tube man-
uals, average transfer characteristic curves are
shown, along with curves which illustrate the
variation in plate resistance, transconductance,
and amplification factor at various electrode
voltages.

h. If the particular tube listed happens to be
a rectifier, ratings or curves are given which
apply to use of the tube. The maximum peak
inverse plate voltage and the maximum peak
plate current are given, as well as the voltage
drop across the tube at certain values of plate
current. The output current for various a-c
input voltages and types of filter circuits is des-
ignated. Curves frequently are shown which
give the d-c output voltage and load current for
various input voltages and filter circuits.

4. Many tube manuals supply additional in-
formation. A section dealing with general tube
and circuit theory may be included. Sometimes
the common tubes are classified as to their use
and characteristics. Frequently, a section of
the tube manual is devoted to the design of re-
sistance-coupled voltage amplifiers. This sec-
tion usually consists of tables for the commonly
used amplifier tubes. The tables include infor-
mation concerning the proper combination of
plate load resistor, grid resistor, screen-grid
resistor, cathode-bias resistor, and coupling
and bypass capacitors for various values of
plate-supply voltage. The output voltage, volt-
age gain, and sometimes the percentage of dis-
tortion are included also under the various con-
ditions outlined in the table.

7. Finally, the tube manual may contain cir-
cuit diagrams which illustrate some of the more
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important applications of the tubes listed in
the manual. Some manuals provide information
on obsolete or seldom-encountered types, ag
well as on panel and ballast lamp specifications.

135. Uses of Tube Manual

a. The tube manual provides a listing of the
characteristics and socket connections of the
electron tube. In servicing electronic equip-
ment it frequently is necessary to trace circuits,
check components connected to various elec-
trodes of tubes, and measure tube electrode volt-
ages. Because of the wide variety of electron
tubes used in modern equipment and because of
the lack, on the whole, of standard base con-
nections, it is necessary to refer to a tube man-
ual for socket connections. It must be remem-
bered that all views of tube bases or sockets,
unless otherwise indicated, are bottom views.

b. The normal operating voltages shown in
the manual serve as a guide to servicing per-
sonnel. The technician can compare the oper-
ating voltages given for a particular tube in
the manual with the voltages measured in the
equipment. If an electron tube is used for a
special application, the operating voltages may
not be similar to those shown in the manual.
However, the measured voltages should not ex-
ceed the maximum ratings given and the fila-
ment or heater voltage should certainly corre-
spond to the value designated in the manual.

¢. The average plate characteristic curves
have several uses. They show the operating
conditions of the tube with various electrode
potentials. These can be used to compare the
actual operation of a tube in a circuit with the
proper average operation. In addition, the
curves serve as a basis for many useful calcu-
lations. A load line is constructed on the fam-
ily of curves for the particular value of plate
load used. By means of this load line and the
curves shown in the manual, the power output
and the percentage of distortion can be deter-
mined. These are determined by direct graph-
ical methods; that is, actual values are read
from the curves and these values are substi-
tuted in simple equations which show the power
output and distortion. The curves also are
used for design purposes. A given set of elec-
trode potentials is assumed, a load line is drawn,
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and calculations are based on the curves. These
calculations show whether the plate dissipation
of the tube is exceeded, and whether the power
output and the fidelity are adequate. The trans-
fer characteristic curves can be used to deter-
mine the operating range for tubes used for
detection or for ave action. Conversion charac-
teristic curves are used in the design of con-
verter stages, and diode load curves are useful
in designing electron-tube voltmeters or ave
systems.

d. The tube manual permits a comparison
between tubes. Comparative characteristics of
several beam-power tubes, for example, can be
examined to determine which tube fits the spe-
cific application required. In addition, physical
dimensions of tubes can be found. This infor-
mation is of importance in the mechanical de-
sign and construction of a piece of electronic
equipment.

e. The section of the manual dealing with the
design of resistance-coupled amplifiers gives
specific component values that can be used to
achieve certain results.

f. In addition to the preceding, some tube
manuals contain an excellent section on theory
and application of electron tubes. Illustrations
frequently are included to show the internal
construction of various types of receiving tubes.

136. Summary

a. Use of a base having a number of contact
pins is a common method of making connec-
tions to the various electrodes in an electron
tube.

b. Methods of keying tube bases include the
use of a special center post in the base, special
arrangement of pins, and various pin diameters.
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¢. All electron tubes are identified by a num-
ber or a combination of numbers and letters.
Some attempts at standardization of tube des-
ignations have been attempted, but, because of
the great number of different tube types, these
have not been adhered to rigidly.

d. A tube manual lists a great number of
electron tubes, with their electrode connections
and major characteristics.

e. Physical specifications as well as maxi-
mum and typical electrical ratings are given in
the tube manual.

f. The tube manual is useful in determining
tube socket connections and measuring tube

electrode voltages during the servicing of elec-
tronic equipment.

137. Review Questions

a. What are the common methods used to
make connections and apply voltages to various
tube electrodes?

b. Why must tube bases be keyed?
¢. How are the pins in a tube base numbered ?

d. To which pins is the filament or heater
usually connected in a four-pin base? In a six-
pin base? In an octal base?

e. Describe briefly the standard system of
tube type designation.

f. What is a tube manual?

¢g. What important information can be found
in a tube manual?

h. How can the curves given in the tube man-
ual be used?

1. Of what use are the schematic diagrams
showing the tube base pin connections?

j. Give some specific uses for the tube man-
nal.
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APPENDIX

LETTER SYMBOLS

1. Plate Circuit

€

€p1

E,
Ey
Ebo
€p
er,

€.

ELo

instantaneous total plate voltage.

instantaneous total plate voltage of
tube V1 (ey—of tube V2. . .etc.).

total plate voltage, average.

d-c plate-supply voltage.

quiescent or zero signal, average
value of plate voltage.

instantaneous value of varying com-
ponent of plate voltage.

instantaneous total voltage across
the load resistor.

instantaneous varying component of
voltage across the load impedance.

quiescent or zero signal, average
value of d-¢ voltage across the load
resistor.

varying component of average volt-
age across the load impedance.

instantaneous total plate current.

average total plate current.

quiescent or zero signal, average
value of plate current.

instantaneous value of varying com-
ponent of plate current.

2. Grid Circuit

e (e, ) instantaneous

€e2
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total control-grid
voltage.
instantaneous total screen-grid volt-

age.

€cs

E,
E.
E,
eg

T (1c1)
ic2

ics

instantaneous total suppressor-grid
voltage.

average total control-grid voltage.

control-grid d-¢ supply voltage.

screen-grid d-¢ supply voltage.

instantaneous value of varying com-
ponent of control-grid voltage.

instantaneous total control-grid cur-
rent.

-instantaneous total screen-grid cur-

rent.

instantaneous total suppressor-grid
current.

3. Cathode Circuit

€r
£,
i
I

instantaneous total cathode voltage.
average total cathode voltage.
instantaneous cathode current.
average d-c¢ cathode current.

4, Miscellaneous

€in
Cout

Emzw

Imam

P,

instantaneous input signal voltage.
instantaneous output sighal voltage.
maximum value of d-¢ voltage.
maximum value of d-c plate current.
input power to a system.

output power from a system.

d-c output power.

d-c input power.

plate dissipation.
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