








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.
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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)
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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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(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
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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.

196

(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//

\
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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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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).
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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-
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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.

AGO 2244A

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

210

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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