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Fig. 10-1. Zener-diode regulator and chart, showing the improve-
ment of the voltage stability.
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still in evidence today, and many sections of the country
now report 125 volts, and in some cases, 130 volts as being
not uncommon. Because of this, it is a good idea to design
equipment that is intended to be very reliable with this
trend in mind.

LOW-VOLTAGE OPERATION

Tubes are designed to be operated at their rated fila-
ment voltages. To get the best over-all satisfaction from
their use, they should be operated as near this value as
possible. However, where this is not possible, it is safer
to err on the low side than it is on the high side. In other
words, if they are operated at 5 to 10 percent below their
rated center value, they may possibly fail to give quite
as many hours of service at the remote end of their life
span, but they are not apt to suffer from as many compli-
cations, or be prone to catastrophic failures as if they are
operated at 5 to 10 percent above their ratings. Where
line voltages are known to be high or unstable, the use
of auto transformers to reduce the voltage a fixed per-
centage will be a great help in stretching tube life.

Where many tubes are involved in a single piece of
equipment, as in various computers, broadcast studios,
and in some forms of processing, it becomes important
to consider the advantages to be gained from continuous
heater operation. There is much experimental data to
prove that intermittent operation of heaters is more de-
structive than steady burning. There are the economics
of power consumption to be weighed; however, from a
strict life point of view, it would seem much better never
to turn off such apparatus. One compromise to economy
can be made by not turning such equipment off, but merely
turning it down. Placing heaters on about 50 percent of
their rated voltage will keep them warm and will prevent
the shock of beginning operation from a cold start.

In this connection, there is much that can be done to
improve the life of tubes which are switched on and off
regularly. Damage to heaters is caused by the heavy surge
current which flows when tubes are first turned on from
a cold start. If some form of limiting resistor is placed in
series with them, this surge can be largely eliminated,
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and with it the harmful aspects of their being turned on
and off.

There are many forms of these devices on the market.
They go under various trade names, such as Surgister,
Thermister, Tube Protector, Tube Sentry, Fuse Resistor,
and Globar. They are quite inexpensive and easily in-
stalled. Some can even be installed in the power line out-
side the actual equipment.

They consist of two general types, one of which is the
simple negative temperature coefficient resistor which
has its maximum resistance when cold and drops to a
low value when heated. The second type includes a bi-
metallic switch which is actuated by the heating of the
resistor. This switch is in series with the high voltage so
that the voltage is delayed until all tubes have reached
their full operating temperature. This matter of voltage
delay is important to prolonging the life of rectifier and
damper tubes. It may indirectly save other tubes by re-
ducing the number of voltage breakdowns in capacitors
and transformers caused by the high initial voltage often
present before the tubes reach maximum conduction.

MECHANICAL

Some tubes are inherently sensitive to mechanical jar-
ring or vibration. This is usually true in high-gain audio
circuits, or video amplifiers. Instead of searching for tubes
that will remain free of microphonics in such applications,
it is often simpler and more rewarding to make slight
revisions in the method of mounting the tube. If the socket
can be remounted using rubber grommets and cup wash-
ers, the tolerance to chassis-transmitted vibration will be
greatly improved. Using weighted shields over the tube,
in addition to the shock mounting, will reduce pickup of
air-borne vibrations.

MAINTENANCE

Certain maintenance practices reduce failures while
certain others tend to increase them. These were discussed
in a previous chapter from the theoretical point of view.
Here we would like to make certain specific recommen-
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with the same kind of tubes and tested under the same conditions.
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dations which, if carried out, will go a long way towards
reducing maintenance-caused failures.

Never test any tube if you can possibly avoid doing so.
Testing never improved a tube’s condition and it can fre-
quently do them a lot of harm. Leave this highly compli-
cated business to experts. Concentrate your efforts on
testing equipment with the tubes in their sockets. In this
connection, it is frequently advisable to add jacks or to
bring out test points so that tubes and circuits can be
measured in their functioning condition. The fewer times
you disturb tubes, the more reliable they will prove to be.

Recognize the fact that tubes don’t just fail — there
must be a reason! More often than not, the reason is
completely within your province and you can eliminate it
if you know how. Do not overestimate the capabilities of
tube checkers and thus be led into a sense of false security.
Become more familiar with the characteristics and symp-
toms of tubes as they really are. Soon you will realize
there is really nothing so unreliable about tubes that more
reliable applications couldn’t cure.

This is borne out by Fig. 10-2, which shows the results
of life tests conducted on two similar pieces of apparatus,
both using the same kind of tubes and tested under the
same conditions. Similar mass studies have been con-
ducted by the military and they all bear out the same
simple truth.

Most tube failures in equipment can be attributed to
designs that don’t take into consideration the basic nature
of tubes and, therefore, are not designed with them in
mind. It is hoped that some of the facts that have been
disclosed in this book will inspire designers and mainte-
nance people to recognize these truths and that through
them, they may enjoy greater tube life and reliability.
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GLOSSARY

Ambient Temperature. The temperature of the surrounding air, as
in a room or inside a cabinet where electronic equipment is
housed.

Back Emission. Emission from an electrode, occuring only when the
electrode is polarized in a manner opposite to that required for
normal conduction; a form of primary emission common to rec-
tifiers during the inverse portion of their cycle.

Ballast Tube. A device used in series heater radios to limit the cur-
rent to normal. Not really a tube because it is not evacuated; it
contains a resistor and resembles a metal tube.

Bogey. The average, or published, value for a tube characteristic.
A bogey tube would be one having all characteristics on bogey.

Button Stem. The glass base of a tube on which the mount structure
is assembled. The pins may be sealed into the glass, in which
case no base is needed. In some large tubes, the stiff wires are
passed directly into the base pins to give added strength. (See
“Pressed Stem.”)

Catastrophic Failures. Those failures which occur suddenly and with-
out warning; they usually render the equipment unusable.
Cathode Activity. A measure of the efficiency of an emitter; the
mathematical relationship between the two values of emission
current measured under two conditions of cathode temperature.

Cathode-Current Density. The current per square centimeter of
cathode area, expressed as amperes or as milliamperes per
centimeter squared.

Cathode Interface. A layer formed between the nickel sleeve and the
oxide coating of an indirectly-heated cathode. The layer ex-
hibits resistance and capacitance; it can be largely nullified
by raising the cathode temperature.

Characteristic Spread. The range between the minimum and maxi-
mum values for a given characteristic that is considered normal
in any large group of tubes.

Class-A Amplifier. An amplifier in which the grid is never driven
positive nor beyond cutoff. Plate current flows throughout the
entire 360° of signal swing.

Class-B Tubes. Tubes designed especially for use in Class-B ampli-
fiers. The tube, essentially cut off at zero bias, conducts when
its grid is driven positive. Used only in pairs to form a Class-B
amplifier. Plate current flows for only 180° of the full cycle
for each tube.

Class-C Tubes. Tubes designed to be operated in Class-C amplifiers,
where the tube is biased well beyond cutoff and is driven into
conduction by short excursions of the grid, which goes far into
the positive-grid region.

Contact Potential. An electrical force which develops between dis-
similar metals when heated. Specifically, a voltage developed
at the grid of a tube as a result of metallic differences in the
grid and cathode structures. Often used as a misnomer for all
grid currents.

Correlated Characteristic. A characteristic known to be reciprocally
related to some other characteristic.
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Critical Characteristic. A characteristic not having the normal toler-
ance to variables.

Cutoff. That condition in a vacuum tube where the grid has been
made sufficiently negative to reduce the plate current or the
transconductance virtually to zero. Often specified as the 50-
microampere or 50-micromho point on the I.-E; curve.

Differential Cooling. Cooling which takes place at a different rate
at various points on an object or surface.

Filament Sag. The bending of a filament as a result of slack caused
by heating and expansion.

Fixed Bias. The application of a potential to a tube grid which is
unaffected by other operating conditions of the tube.

Fixed Screen. The application of a potential to a screen grid which
is unaffected by other operating conditions within the tube.
Folded Heater. A type of heater made from a single strand of coated
wire folded and inserted into a cathode sleeve. The insulation
is removed at each fold to make it possible for the wire to

be folded.

Frame Grid. A type of grid construction which stretches the indi-
vidual grid wires across a rigid frame. They are not wound
like conventional grids.

Gas Cleanup. The process by which many gas-filled tubes tend to
lose their gas pressure and hence become inoperable. Gas, in
the form of ions, is driven at high velocity into the metal parts
or the glass envelope of the tube, where they form stable
compounds and are lost as far as the tube is concerned.

Gas Current. The current which flows in the grid circuit when gas
ions are present within the tube and the grid is polarized
favorably in order to attract them.

Getters. Substances which have a strong affinity for gas evolved
within a tube and which, by their action, bind these gas atoms
into themselves, where they remain inactive and harmless.

Glow Discharge. Within a vacuum tube, that form of ionized dis-
charge which precedes the arc discharge and is characterized
by a glow which covers the cathode surface.

Grid-Circuit Testers. Testers designed to measure the grid resist-
ance of vacuum tubes without diserimination as to the type or
polarity of impedance measured.

Grid Current. Any current which flows in the grid-to-cathode circuit
of a vacuum tube; it is usually a complex current made up of
several individual currents having a variety of polarities and
impedances.

Heat Gradient. The difference in temperature between two parts of
the same solid object.

Heat Sink. The object used to absorb heat from some other object.
The ultimate heat sink is our atmosphere, since all heat must
eventually be transferred to it. Most heat sinks seek to trans-
fer the heat directly to the surrounding air.

Heater Biasing. The application of a DC potential to the heaters of
vacuum tubes for the purpose of eliminating diode conduction
between the heater and some other element within the tube.

Hum-Balancing Pot. A potentiometer usually placed across the
heater circuit. The arm of the potentiometer is grounded,
thereby permitting the heater voltage to be balanced with
respect to ground.

Hum Bucking. The introduction of a small amount of voltage, at the
power-line frequency, into a circuit to cancel unwanted power-
line interference.

Initial Velocity Current. A current which flows between an electrode,
such as the grid of a vacuum tube, and its cathode as a result
of electrons thrown off from the cathode because of heat alone.
Their velocity is sufficient to allow them to reach the grid with-
out the need for an accelerating field.
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Interelectrode Leakage. The current which is not the result of nor-
mal conduction and which flows between elements not normally
connected in any way.

Interface Resistance. See “Cathode Interface.”

Law of Normal Distribution. The Gaussian law of the frequency
distribution of any normal, repetitive function. It describes the
probability of the occurrence of deviants from the average.

Leakage Reactance. The reactance represented by the uncoupled
inductance of two mutually coupled inductances. When two
inductances are mutually coupled and their value is measured,
aiding as well as bucking, the difference between these two
values is the uncoupled inductance, and its reactance is the
leakage reactance.

Microphonics. The mechanical translation of vibration or shock into
an electrical signal by a vacuum tube.

Mount Structure. That portion of a vacuum tube which consists of
all of the essential elements except the glass envelope. It is
the “works,” minus the enclosure.

Negative Ions (Gas). Atoms of some gas which have taken on addi-
tional electrons and so have an excess negative charge.

Negative Resistance. A resistance which exhibits characteristics
contrary to normal resistors; namely, when the voltage is in-
creased across such a resistor, the current will decrease.

Negative Temperature Coeflicient. A device having characteristics
which respond to a change in temperature in a manner opposite
to other so-called “normal” devices. For example, most resistors
increase in value when heated. A resistor which drops in value
when heated has a negative temperature coefficient.

Peak Current. The maximum current which flows during the com-
plete operational cycle.

Performance Characteristic. A characteristic measurable in terms of
some useful denominator, such as gain, power output, etc.

Pin Holes. Small punctures in the glass envelope of a vacuum tube.

Positive Ions (Gas). Atoms of some gas which have lost an electron
and so have an excess positive charge.

Preburning. The process of stabilization which calls for the continu-
ous operation of tube heaters for a given number of hours.
Cathode current may or may not be drawn at the same time,
and the tubes may be vibrated all or part of the time.

Pressed Stem. That type of vacuum-tube construction which forms
all support wires into a flattened piece of glass tubing, similar
to and a relic from the lampmaker’s art. Now considered an
obsolete method of tube construction.

Primary Grid Emission. Grid emission which results from contami-
nation of the grid wires by cathode coating material or from
excessive grid temperatures.

Pulse Emission. Emission drawn for short periods; it may or may
not follow a regular repetition rate.

Reactivation. The restoration of an emitter to useful life by means
of some process which usually consists of elevating its temper-
ature and momentarily drawing large currents from it.

Reliability. The degree to which a piece of apparatus can be ex-
pected to perform its normal function without interruption,
whenever called upon to do so.

Ruggedization. The redesign of a piece of equipment or its compo-
nents to make them able to withstand operation in environ-
ments where vibration and mechanical shock are commonplace.

Runaway. Any condition, additive in nature, under which continued
ﬁxppsure to them will result in eventual destruction of the

evice,

Saturable Reactor. A transformer or an inductor designed to take
advantage of the core-saturation principle.

Secondary-Emission Tube. A tube which makes use of secondary
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emission to achieve a useful end. The photomultiplier tube is
an example.

Secondary Grid Emission. Emission from the grid of a tube as a
result of high-velocity electrons being driven against it and
thereby knocking off additional electrons. The effect is the same
as for primary grid emission.

Selected Tubes. Tubes which, though bearing a standard designa-
tion, do not contain all the characteristics of other tubes bear-
ing the same designation, because they have been subjected to
special tests which may or may not be registered or carried
out by other tube manufacturers.

Skewed Distribution. A frequency distribution of any natural phe-
nomenon which has zero or infinity for one of its limits.

“Sleeping Sickness.” Slang for cathode-interface resistance.

Space Charge. The electron cloud which surrounds the hot cathode
of a vacuum tube.

Space Charge Tube. A tube which makes use of the space charge in
a unique manner to greatly increase its transconductance.
A positively charged grid is placed next to the cathode, before
the control grid. This enlarges the space charge, moving it out
to where the control grid can have a greater effect on it, and
hence, on the plate current.

Spurious Emission. Any emission not controlled by the designated
control grid (in other words, unwanted emission).

Standing Waves. When a condition of resonance exists in a linear
electrical circuit or in a mechanical system, standing waves will
usually be present. This means the location of the energy
maxima and minima along the system will remain fixed with
reference to the ends of the system.

Star Cracks. Also known as “pin holes,” these are small fractures
in the glass envelope with pointed, starlike radials emanating
from them.

Starting Voltage. The voltage necessary to cause a gaseous voltage
regulator to ionize or start conducting. As soon as this point
is reached, the voltage drops to the operating voltage.

Temperature Limited. A cathode is said to be temperature limited
when all the electrons emitted from it are drawn away by a
strong positive field. The only way to increase the flow of
electrons is to raise the cathode temperature.

Thermal Lag. The time taken to raise the entire mass of a cathode
structure to the temperature of the heater.

Thermocouple. A device for converting heat into electrical energy.
It consists usually of two dissimilar metals connected to a
sensitive current indicator.

Tipoff. That portion of a vacuum-tube bulb which is the last to be
melted and sealed after evacuation of the bulb.

Transconductance. The ratio of the amount of grid voltage needed
to cause a given change in plate current.

Tube Bridge. An instrument used in the precise measurement of
vacuum-tube characteristics. It contains one or more bridge-
type measuring circuits, plus power supplies and signal sources
for all possible electrode combinations.

Tube Drop. The voltage measured across a tube, from plate to cath-
ode, when the tube is conducting at its maximum current rating.

Waiting Time. The time that must elapse between the turning on of
heaters and the application of plate voltage to certain tubes,
like thyratrons.

Warm-up Time. The time which elapses, after the heater is turned
on, before the cathode reaches its optimum operating temper-
ature in an indirectly-heated type of tube.

Zener Diode. A particular type of semiconductor diode operated in
a reverse-biased manner and exhibiting voltage-regulator char-
acteristics at the Zener breakdown point.
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AC amplification, 105
Ambient temperature, 154
Arcing, 17-20

B

Back emission, 154

Ballast tube, 154

Bogey value, 55, 56, 154

Bucking, hum, 40-41

Bulb temperature, measuring, 146-147
Burnout, heater, 12

Button stem, 154
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Catastrophic failures, 7-21, 154

arcing, 17-20

fixed versus bias, 20-21

glass, 8-11

heater, 11-17

filamentary tubes, 15-17
limiting surge current, 12-14

Cathode

activity, 1564

depletion, 34-36

interface, 154

reactivation, 35-36
Cathode-current density, 154
Changes, physical, 88
Characteristic spreads, 64-66, 154
Characteristic variables, 53-68

characteristic spreads, 64-66

correlating measurements, 59-60

design tolerances, 68

how standards are set, 56-58

limit tube, 58-59

predicting variables, 55-56

quality control, 66-67

sampling, 67-68

typical correlation, 60-64
Classification of tube testers, 115-120
Commuodity, universal, 78-79
Competition between equipment manu-

facturers, 92-93

Contact potential, 154
Control

dissipation, 147-148

quality, 66-67
Converters, frequency, 106-107
Corrective measures, hum, 43-46
Correlated characteristie, 154
Correlating measurements, 59-60
Correlation, typical, 60-64
Critical characteristie, 155
Current, initial velocity, 28, 155
Current and voltage regulation, 148-149
Curve, skewed distribution, 56, 57
Curve of normal distribution, 53, 54

D
Defining reliability, 79-80
Degenerative failures, 22-36
cathode depletion, 34-36
gas, 22.23
getters, 23-26
interelectrode leakage, 30-33
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Degenerative failures—(cont’d)
interface resistance, 33-34
spurious emissions, 26-30

Deionization and ionization times, 142-

143

Depletion, cathode, 34-36

Design tolerances, 68

Development, technological, 93-95

Differential cooling, 155

Diodes and rectifiers, 109-110

Dissipation control, 147-148

E

Early tube testers, 111-115

Electrical characteristics, tubes, 91-92
Emission, temperature-limited, 18-19
Emissions, spurious, 26-30

F

Failures, catastrophie, 7-21
arcing, 17-20
fixed versus bias, 20-21
glass, 8-11
heater, 11-17
filamentary tubes, 15-17
limiting surge current, 12-14
Failures, degenerative, 22-36
cathode depletion, 34-36
gas, 22-23
getters, 23-26
interelectrode leakage, 30-33
interface resistance, 33-34
spurious emissions, 26-30
Failures, subjective, 37-52
hum, 37-48
bucking, 40-41
corrective measures, 43-46
special tubes, 46-48
mierophonies, 48-50
noise, 50-52
Filament sag, 15, 155
Filament voltage sources, 84-85
Filamentary tubes, 128-129
Fixed bias, 155
Fixed screen, 155
Fixed-screen operation, 21
Fixed versus bias, 20-21
Folded heater, 155
Frame grid, 155
Frequency converters, 106-107

G

Gain, testing for, 103
Gas, 22-23

cleanup, 155

current, 155
Gas and shorts tests, 121-124
Getters, 23-26, 155
Glass

breakage, causes of, 10

failures, 8-11
Glow discharge, 155
Grid-circuit testers, 155
Grid current, 26, 155

H

Heat gradient, 155
Heat sink, 155



Heater
biasing, 155
burnout, 12
failures, 11-17
filamentary tubes, 15-17
limiting surge current, 12-14
How standards are set, 56-58, 76-77
How tubes are selected, 70-71
Hum, 37-48
balancing pot, 155
bucking, 40-41, 155
corrective measures, 43-46
special tubes, 46-48
Hybrid tube types, 87

I

Initial velocity current, 28, 155

Interelectrode leakage, 30-33, 156

Interface resistance, 33-34, 156

Ionization and deionization times, 142-
143

L

Leakage, interelectrode, 30-33
Leakage reactance, 156
Life expectancy by application, 98-102
Life expectancy by structure, 96-98
Limit tube, 58-59
Low-voltage

operation, 149-151

tubes, 129-130

M

Maintenance practices, 125-127, 151-153
Measurements, correlating, 59-60
Measuring bulb temperature, 146-147
Methods for lengthening tube life, 145-
153
dissipation control, 147-148
low-voltage operation, 149-151
maintenance practices, 151-153
measuring bulb temperature, 146-147
mechanical, 151
voltage and current regulation, 148-
149
Microphonics, 48-50, 156
Miniatures and subminiatures, 88-90
Mount structure, 156
Multipurpose tubes, 90-91
Multi-spec tubes, 73-75

N

Negative
ions, 156
resistance, 156
temperature coefficient, 156
Noise, 50-52
Normal distribution
curve, 53, 54
law, 156

o

Operation
fixed-sereen, 21
low-voltage, 149-151

Oscillators, 107-109

Output, power, 103-105

P

Peak current, 156
Performance characteristic, 156
Phototubes, 130-134

Physical changes, 88

Pinholes, 156

Positive ions, 156

Power output, 103-105

Practices, maintenance, 151-153

Preburning, 156

Predicting tube life, 110

Predicting tube performance, 96-110

Predicting variables, 55-56

Premium and selected tubes, 69-82
defining reliability, 79-80
how standards are set, 76-77
how tubes are selected, 70-T1
multi-spec tubes, 73-75
premium tubes, 72-73
reliability and standardization, 75-76,

80-82

results of tube selection, 71-72
universal commodity, 78-79
universal tubes, 77-78

Premium tubes, 72-73

Pressed stem, 156

Primary grid emission, 156

Pulse emission, 1566

Q
Quality control, 66-67
R

Rate of tube failure, 8, 9
Reactivation, cathode, 35-36, 156
Rectifiers and diodes, 109-110
Regulator, Zener-diode, 148
Reliability, defining, 79-80, 156
Reliability and standardization,
80-82
Resistance, interface, 33-34
Resistor, surge-limiting, 12
Results of tube selection, 71-72
Ruggedization, 156
Runaway, 156

75-76,

S

Sampling, 67-68
Saturable reactor, 156
Secondary-emission tube, 156
Selected and premium tubes, 69-82, 157
defining reliability, 79-80
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how tubes are selected, 70-71
multi-spec tubes, 73-75
premium tubes, 72-73
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80-82
results of tube selection, 71-72
universal commodity, 78-79
universal tubes, 77-78
Shorts and gas tests, 121-124
6.3- and 2-volt tubes, 85-86
Skewed distribution curve, 56, 57, 157
““Sleeping sickness,”” 383, 157
Space charge, 157
Special-purpose tubes, 128-145
filamentary, 128-129
low-voltage, 129-130
phototubes, 130-134
thyratrons, 138-144
voltage-regulator, 134-138
Special tubes, 46-48
Spreads, characteristic, 64-66
Spurious emissions, 26-30, 157
Standardization and reliability,
80-82

75-76,
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Standing waves, 157
Star cracks, 157
Starting voltage, 157
Subjective failures, 37-562
hum, 37-48
bucking, 40-41
corrective measures, 43-46
special tubes, 46-48
microphonics, 48-50
noise, 50-52
Subminiatures and miniatures, 88-90
Surge-limiting resistor, 12

T

Technological developments, 93-95
Temperature-limited emission, 18-19, 157
Testers, tube, 111-127
classification of, 115-120
early, 111-116
maintenance practices, 124-127
shorts and gas tests, 121-124
Testing for gain, 103
Tests for initial performance, 102-110
AC amplification, 105
diodes and rectifiers, 109-110
frequency converters, 106-107
oscillators, 107-109
power output, 103-105
testing for gain, 103
Thermal lag, 157
Thermocouple, 157
Thyratrons, 138-144
ionization and deionization times, 142-
143
waiting time, 143-144
Tipoff, 157
Tolerances, design, 68
Transconductance, 157
Tube
bridge, 157
drop, 157
electrical characteristics, 91-92
failure, rate of, 8, 9
life, methods for measuring, 145-153
dissipation control, 147-148
low-voltage operation, 149-151
maintenance practices, 151-153
measuring bulb temperature, 146-147
mechanieal, 151
voltage and current regulation, 148-
149
limit, 58-59
performance, predicting, 96-110
selection, results of, 71-72
testers, 111-127
classification of, 115-120
early, 111-115
maintenance practices, 124-127
shorts and gas tests, 121-124
Tube types
why so many, 83-95
competition, 92-93
electrical characteristics, 91-92
filament voltage sources, 84-85
hybrid types, 87
miniatures and subminiatures, 88-90
multipurpose tubes, 90-91
physical changes, 88
technological developments, 93-95
TV types, 86-87
2- and 6.3-volt tubes, 85-86
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TV types, 86-87
2- and 6.3-volt tubes, 85-86
Typical correlation, 60-64
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Universal commodity, 78-79
Universal tubes, 77-78
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Variables, characteristic, 53-68
characteristic spreads, 64-66
correlating measurements, 59-60
design tolerances, 68
how standards are set, 56-58
limit tube, 58-59
predicting variables, 55-56
quality control, 66-67
sampling, 67-68
typical correlation, 60-64
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Other Interesting and Informative
Subjects Include . . .

e 10 reasons why tubes fail
e Predicting tube performance
e Selected and premium tubes

e Lengthening tube life

Anyone who has anything at all to do with
electronic equipment—whether he is respon-
sible for maintenance, design, or proper use—
should read this book. It is written for the
benefit of service personnel who repair and
maintain consumer goods such as radio, TV,
and hi-fi equipment—or industrial equipment
used in production and manufacturing proc-
esses—or even military equipment such as
missiles, satellites, computers and radar gear.
It also will be of use to engineers and techni-
cians who design any of this equipment, as
well as for those who use it.

You’ll Also Learn About

e Catastrophic failures—what they are, when
and why they are most likely to occur.

e Degenerative failures—what happens to
tubes over a period of time.

e Subjective failures—why a seemingly nor-
mal tube fails to work in certain appli-
cations.

e Characteristic variables—differences that
may exist between tubes of the same type.

e Special-purpose tubes—considerations for
filamentary, low Ep, phototube, voltage-
regulator and thyratron types.
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