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FOREWORD

Receiving Tube Substitution Guide Book is a greatly
enlarged and revised edition of the hook Wartime Radio
Service published in 1944. This new book lists about
750 receiving tube types and their bases, including all
of the following series:

4,5, 6,7, and 7L old-style base series
Octal base series :
Loctal base series

7-pin miniature series

9-pin-noval series

Subminiature series.

During the past eight years we have made many
tube substitutions. Most of them were easy to make
and all resulted in from excellent to reasonable per-
formance. The mzjoritv of substitutions shown here
have actually been tried. We are passing this informa-
tion on to you in the belief that it will save you many
hours and enable you to make necessary repairs to
electronic equipment in spite of shortages. Also, when
shortages no longer exist, you will again save time in
restoring equipment to its original condition after sub-
stitutions have been made.

Al substitutions listed here describe in detail the
necessary data for changing or rewiring the sockets.
It is recommended that in making the circuit changes
listed you follow the sequence exactly as indicated in
order to avoid any errors in rewiring.

You will note that a few types have no substitutes
listed. We do not presume to be infallible. We may
have omitted some tube substitutions. If you. know
of tube substitutions which have been omitted we
would like to hear from you about them.

Besides a tube substitution listing we have included
other important information that will make this book

even more useful as a substitution guide. In Section 3
we offer a compilation of television receiver filament cir-
cuit arrangements including various filament diagrams.
These were compiled by John F. Rider Publisher, Inc.,
to whom we owe thanks for-their contribution. The
information was taken from the five presently existing
Rider TV Manuals. It is hoped that this information
will not only aid tube substitution operations, but will
prove helpful in connection with TV servicing in the
home. A group of servicing suggestions are also in-
cluded to help in repairing the filaments of burned-out
tubes, making adapters, and for the change over of
battery-operated radios to electric operation.

Most significant is the last section of this hook which
covers different charts and tables. A complete listing
of the characteristics of receiving tubes and bases and
cathode-ray tubes and bases are included in this section.
Thus this book, besides serving as a tube substitution
guide, also functions as a tube handbook.

We wish to express our appreciation to the American
Radio Relay League for their cooperation in permit-
ting us to reprint their receiving tube characteristics
charts from their ARRL handbook. In our estimation
these are the most complete charts available at this
time. To Tung-Sol Lamp Works, Inc., for supplying
us with the data on tube classifications, ballast tube
and resistor numbering codes, and RTMA resistor,
capacitor, and transformer color codes our thanks;
also to Sylvania Electric Products; Inc., for supplying
us with the data on cathode-ray-tube characteristics;
to Federal Telephone and Radio Corp. and Radio Re-
ceptor Corp. for their kind cooperation.

November, 1950
H. A. MIDDLETON
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SECTION 1

THE BACKGROUND OF TUBE SUBSTITUTIONS

Were it not for the fact that tube development is a
never-ending activity, there would be no purpose in
describing the background of tube substitution. The
substitution lists contained herein would suffice, for
they include practically every tube which is used for

receiving purposes serving many different electronic

applications, These applications consist of radio re-
ceivers of all varieties (a-m, f-m, and TV), radar,
facsimile (commercial and military), public address
amplifiers, record changer amplifiers, test equipment,
electronic computers — in fact every kind of equip-
ment with the exception of transmitters, although even
there, receiving tubes make their appearance in the
speech amplifiers.

The basis of tube substitution is ‘similarity or equi-
valence between the original and the substitute. The
choice of these two words with different connotation
is deliberate ; similarity may mean equivalence in some
respects but not in all. Thus if two tubes are similar
(or identical) in electrical characteristics, one is the
equivalent of -the other. The use of ‘two tubes, how-
ever, to replace one single tube which affords certain
facilities, creates a state of equivalence rather than a
state of similarity.

This is not intended as a play on words but deals
with a very important situation that is developing fast
in television receivers.. Unwelcome as it may be, it
means constructional modifications and even more im-
portant, a careful analysis of what suits the purpose.
Any attempt to list all the substitutes within the mean-
ing of equivalent as we have described it, would be a
monumental task and would more than likely, never
see the light of day. We hope, therefore, that the gen-
eral details of the background of tube substitution given
in this section combined with the tube substitution lists
and the knowledge possessed by the technician who
makes the change (and selects the substitutes) will
result in satisfactory substitutions.

An examination of the tube substitution lists will
disclose that the substitution of one type for another
is not too frequently accomplished by a simple replace-
ment of tubes. Differences in tube characteristics may
demand some modifications in the circuit within the
apparatus. Sometimes, only a change of socket is
needed because of differences in the basing of the sub-
stitute tube. In other instances, definite restrictions

are imposed relative to the heater circuits; some sub-
stitute tubes may be used only in parallel-wired heaters
without any circuit changes, whereas in other instances,
a tube substitution is applicable only to series-wired
heaters. In some cases, a tube substitution may demand
modifications in the cathode, control grid, plate, or
screen circuits, or possibly in the power supply, so as
to satisfy the needs of the substitute and accomplish
the best possible performance. These circuit changes
are not listed because they are peculiar to each system.

All of this means that although the lists in this Guide
Book give the substitute or substitutes as the. case
may he, the final selection cannot be made without con-
sidering the conditions existing in the equipment which
will receive the substitute. Where changes in heater
or filament wiring are required, they are described.
Changes necessary in the signal electrode circuits such
as those of the control grid, screen grid, cathode, and
plate so as to attain best possible performance become
the function of the technician and are determined by
the constants of the specific circuit in which the sub-
stitution is made.

As shown in the three series of Rider’s Manuals
(AM-FM, TV, and PA), many tens of thousands of

-models of receivers and amplifiers comprise the hundred

odd million units which may require substitute tubes.

Fortunately, a certain amount of standardization does
exist in receivers and other equipment designed to work
with the tubes listed herein. This situation, together
with the circuit and operating voltage details given in
the above-mentioned manuals and manufacturers’ liter-
ature affords the technician the opportunity of de-
termining the operating conditions thereby enabling
him to establish the correct voltages at the different
signal electrodés. A familiarity with these techniques
is not difficult to acquire, although we hasten to add
that too many differences exist to permit ciréuit modi-
fications based on guesswork or memory. Schematic
wiring diagrams, operating voltage tables, and the tube
characteristic charts demand attention if longest tube
and component life are desired, and also, if best circuit
performance is to be attained with the substitute tube.

Design engineers have their own ways of accomplish-
ing performance with the standard run of tubes. Many
substitutes are possible but all will not afford like per-
formance. In listing the substitutions, only those sub-
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stitutions considered practical, that is, which do not
demand redesigning of circuits, were included. Many
substitutes possess sufficient similarity to the original
as to require no changes in either heater wiring or
sockets. These are listed with the note “No changes.”
This does not mean, however, that the signal electrode
operating conditions are identical for the original and
the substitute. This should be checked in the tube
characteristics chart contained in this Guide Book. It
only requires a few minutes of time to do this and its
results can be very gratifying.

If upon examination, the differences in electrlcal
characteristics between the recommended substitute
and the original are more than moderate, changes in
the signal electrode operating circuits may be required.
Since the plate voltage requirements for tubes in similar
categories do not différ greatly, changes are not too fre-
quent in the plate circuits. It is only when battery
type and a-c operated tubes are being compared that
one finds radical differences in plate and screen volt-
ages. More critical points are the control grid and
cathode bias — especially the latter. Small numerical
differences in bias voltages (which are related to the
plate current) produce great performance differences.
For example, a change in bias from —2 volts to —4
volts is only % volts, but it represents a change of 1Q0
per cent, and can very materially influence performance.
A situation of this kind would demand a change in
the value of the bias. resistance.

A bias tube may be listed as the substitute for a zero
bias tube. Reference to the electrical characteristics
will disclose that the grid resistor must be changed;
sometimes from 10 megohms to as low as 0.25 megohm.
In addition, a cathode resistor of such ohmic value as
will develop the bias shown in the tube characteristic
chart must be added. Thus, the statement “No changes,”
does not refer to signal electrode operating conditions,
rather to the fact that neither heater wiring nor socket
changes are required.

Each substitution is an individual case requiring in-
dividual consideration, unless it is definitely known that
- the original and the substitute are identical in all re-
spects other than heater voltage. Even then, if the
substitution is made in a system which involves a state
of resonance, realignment will be required. Similar
tubes, even identical ones, do not possess identical
values of interelectrode capacitance. ‘This difference
affects the final value of tuning capacitance. It is very

important to bear this in mind when substitutions are
- made in wideband amplifiers particularly, since here,
the interelectrode capacitance (direct and reflected)
plays a paramount role in the peaking action. Examples
are the video amplifiers in television receivers and the
amplifiers in oscilloscopes and the like. In making sub-
stitutions it is often necessary to consider the function
of the tube and its circuit so as to insure best per-
formance in the circuit. The various types of circuits
and functions will now be discussed.

Oscillator Systems

These may be heterodyning arrangements which in-
volve tracking with other tuned circuits, such as in
converter systems and separate oscillator and mixer
circuits, or nontracking arrangements, such as beat-
frequency oscillators. Also, there are the various kinds
of multivibrator systems in television receivers. Each
of these demands individual consideration.

Combination oscillators and mixers (converters) re-

quire substitutes which contain not only the identical
number of electrodes as the original, but in addition,
the functions of these electrodes must be the same. This
immediately limits the number of possible substitutes.
The list of tubes, classified by function found at the
end of this section, is an aid in this respect. If the
required substitutes can not be procured, it does not
make sense to redesign the circuit so as to replace a
single tube with two individual tubes. That is a design
engineer’s job. If the oscillator and mixer functions
are performed by individual tubes in separate enve-
lopes, then the latitude of substitution is greater, pro-
vided that the selection of the substitute tube is made
carefully. '
. The higher the frequency of operation, the more
critical is the choice. That is why new tubes are born
as operating frequencies increase. Tubes designed for
the broadcast band are frequently unsuited for use in
the vhf band and most certainly not in the uhf band.
Thus, in addition to recognizing the oscillator function,
it is also imperative to pay heed to the frequency of
operation. If a choice is available, the tube intended
for a higher frequency is suitable for a lower fre-
quency, but not vice versa with complete freedom.

Sometimes tubes specifically intended for use as
oscillators will not perform properly in that position,
it is difficult to account for this, but it is a fact never-
theless. This does not condemn the tube as a tube —
it can still perform other functions — nor does it mean
that another tube of like brand and type will behave
in similar fashion. There is no remedy for such failure
to function properly — it is simply a statement of fact.

What should be examined when comparing tubes
intended for oscillators? Neglecting heater or fila-
ment ratings for the moment, these being assumed to
be suitable and assuming that the number of circuit
electrodes of the substitute original are the same, such
details as the grid bias, the plate (and screen) voltages,
the plate (and screen) currents, and the. transcon-
ductance are paramount factors. If the exact duplicate
is not available, the substitute tube which requires lower
plate and screen voltages (differing only moderately .
from the original) is preferable to the substitute tube
which requires higher plate (and screen) voltages than
the original. The tube with the higher transcondtictance
is preferable to the tube with the lower transcon-
ductance, everything else being equal. These prefer-
ences are- more apt to furnish heterodyning voltage
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over the entire band embraced by the receiver, espe-
cially if the bias resistor is modified to suit the specifi-
cations of the substitute.

R-F and I-F Amplifiers

The general run of r-f and i-f amplifiers utilize
tetrodes and pentodes. Since pentodes used as triodes
(in a-f amplifiers) are substitutes for triodes, it is im-
portant when selecting a substitute to know the manner
in which the tube is used in the r-f or i-f amplifier.
A triode is a poor substitute for a pentode; if a pentode
is used, the substitute should be a pentode. However,
if a tetrode is used, the substitute may be either a
tetrode or a pentode. Care should be exercised to note
if a shield is a part of the tube. An unshielded tube
may be substituted for a shielded tube provided that
an external shield is used and is grounded properly.
Single-ended tubes may be substituted for double-
ended tubes, but the reverse may be troublesome. Care
must be exercised relative to the control-grid lead dress
so as to minimize regeneration.

Sharp cutoff tubes should be replaced by similar
tubes; similarly with remote cutoff tubes. However,
sharp cutoff tubes may be replaced by remote cutoff
types without too much trouble. The avc may be af-
fected somewhat, but this does not interfere with the
effectiveness of the receiver. When sharp cutoff tubes
replace remote cutoff types, however, some minor prob-
lems may arise. Their best location would be in places
where the signal level is lowest, for example, in the
first stage in either an r-f or i-f amplifier. If distortion
is severe on loud signals (due to rectification in the
sharp cutoff stage), a divider network may be re-
quired so as to reduce the avc bias being applied to the
sharp cutoff tube. This is best accomplished at the
source of the avc, and might call for a separate avc

line to the sharp cutoff tube. It might even be satis-

factory to operate the sharp cutoff tube (if it is located
at the point of lowest signal level in the.amplifier) with-
out any avc, using a low fixed bias.

Where there is a high input signal, sharp cutoff
tubes must be used in place of remote cutoff tubes, an
auxiliary volume control (or divider)-at the front end
of the receiver (perhaps in the antenna circuit) may be
required. This would be operated only on those chan-
nels which cause trouble. A panel switch would con-
trol the operation of this signal control element.

Transconductance is the important electrical char-
acteristic to consider in r-f and i-f amplifier substitu-
tions. The higher the mutual conductance is relative

to an r-f or i-f transformer the better, assuming that

the plate and screen voltage conditions are satisfied or
approached. Inability to equal the original tube in
transconductance means reduced gain in the stage, but
this seldom is a problem in a-m or f-m receivers be-
cause the average receiver has excess 'gain for the re-
ception of chain or local broadcasts. The same can be

said about television receivers, provided that the re-
ceiver is located in a primary service area. When such
a receiver is relatively close to a station, the problem
is too much rather than insufficient signal, so that a
reduction in r-f or i-f amplification (unless it is too
severe) usually can be tolerated. In fringe areas, the
situation is different, especially when the received signal
levels already border on the inadequate. There it be-
comes necessary to approach the original, and if this
cannot be attained, then it is preferable to select tubes
with higher than the original transconductance and to
adjust the operating voltages accordingly. General in-
structions of this kind are given elsewhere in this
section.

Where r-f and i-f systems are subject to tube sub-
stitutions, realignment of the coupling transformers as-
sociated with the input and output circuits of the sub-
stitute stage are imperative. Sometimes it may appear
that proper performance is being secured without re-
alignment. This should not be accepted as fact with-
out a test to establish if the circuits are peaked
properly.

Whether the shift in frequency peaking is upward or
downward depends upon the direction of the capaci-
tance change. A reduction in distributed capacitance,
which includes the plate-to-cathode (or control grid-
to-cathode) capacitance tends to cause peaking at a
higher frequency, whereas an increase in distributed
capacitance tends to cause peaking at a lower frequency.

Many i-f transformers and some r-f transformers
are permeability tuned, utilizing the related distributed
capacitance including the tube capacitance to provide
the C for the tuned circuit. Because of this, changes
in distributed capacitance, due to different tube elec-
trode capacitances, can cause major variations in
operating conditions. Whenever possible, substitute
tubes should approximate the input-output capacitance
of the original tube. This data is found in the tube
specification charts of Section 5.

Exception to the need for realignment of r-f and i-f
coupling systems is found in those equipments which
employ R-C coupling between tubes. While not a com-
mon practice, it is to be found in rec€ivers. Sometimes
the coupling element consists of a resistive plate load
and a tuned grid load for the succeeding tube. The
resistive plate load on a substitute tube requires no re-
adjustment, but if the substitution is made in that stage
which has a tuned grid load, realignment will be re-
quired. Examples of such arrangements are listed
elsewhere in this section in connection with r-f and i-f
transformer replacement.

Audio Amplifiers
All types of tubes are found in audio amplifiers:
triodes, tetrodes, pentodes, pentodes used as triodes,

and various kinds of output-stage power amplifiers.
Voltage amiplifiers are, in the main, resistance-coupled
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systems, whereas power amplifiers are transformer-
coupled. The difference hetween these two general
categories is the plate circuit load, that is, load im-
pedance, and the grid bias.

There are some differences hetween the signal elec-
trode operating conditions in resistance-coupled am-
plifiers, their operating voltage or load resistance may
- differ, but many substitutions are possible without
changes. A fair degree of similarity exists between the
fundamental designs of these circuits so that it is pos-
sible to generalize concerning substitutions. Pentodes
can be used in place of triodes and, in turn, triodes
may replace pentodes or tetrodes. The load resistances
are pretty much the same for all of these tubes since
the limitation is set by the plate voltage supply, and this
does not differ too greatly in like categories of equip-
ment. Naturally, the ideal condition is when the sub-
stitute is used exactly as the original, or the substitute
type is the same as the original type. ,

In the case of triode-type tubes used in audio am-
plifiers, with the exception of the output stage, the
amplification constant of the tube is the pertinent fac-
tor. The higher the amplification constant, the higher
the stage gain, provided that the internal plate resistance
is not too high relative to the load resistance. The
higher the internal plate resistance of the tube, rela-
tive to the load resistance, the less the amount of signal
taken out of the tube will be. The portion of the avail-
able signal taken out of the tube is expressed as

R,
R, F &,

where R, is the load resistance in ohms and R, is the
internal plate resistance expressed in ohms.

Another matter of concern to keep in mind is that
relating to grid bias. Quite a few tubes used in R-C
coupled amplifiers as well as in L-C coupled systems

are of the zero-bias type. \When adequate substitutes

are not available and a self-bias tube is used in place
of a zero-bias one, provision for the bias must be made
in the circuit. This can be in the form of a bypassed
cathode resistor. In addition, the grid resistor (grid
leak) of the substituted stage will require reduction
to perhaps one-thirtieth or one-fortieth of its original
value. Zero-bias tubes utilize grid resistors of from
5 to 10 megohms. Self-bias amplifier tubes utilize grid
resistors of from 0.1 to perhaps 0.3 megohms. These
bias- and grid-resistor references will be found to apply
to pentodes and tetrodes as well as triodes. When a
zero-bias tube is used in place of a self-bias tube, the
above-required changes in circuits are reversed.

In the output stages, for that matter, also in driver
stages in audio amplifiers, attention must be paid to
the recommended load impedance represented by the
output transformer. Not only does it determine output
‘power, which may or may not be important, but it also
determines the quality of reproduction. The latter is
important.

To begin with, the recommended load impedance
for substitute tubes should be the same or less than
that for the original. By being less than the original
a fair semblance of the original quality will be retained
because the tubes are working into a higher impedance,
that represented by the output transformer already in
the device. Power output will be reduced somewhat
but quality of reproduction will be retained. If it is
impossible to find substitutes which require the same,
or a lower load impedance than the original, then a
higher rating will have to be accepted, but it should
be the closest approximation to the original.

A receiver installation can afford to sacrifice some
power for quality. In public address systems, it is a
question of how the system is used. If its full-rated
power output is seldom used, then it can sacrifice some
output for quality. If it is used for the reproduction
of speech only, it can afford a greater mismatch than
systems which reproduce music and speech. In the
last analysis it is a compromise and each individual
requirement determines the choice.

In view of the power-handling requirements of the
output stage, only those substitutes, both triodes and
pentodes, are usable which can handle power. These
are interchangeable but only on that basis.

When two individual tubes are used in a push-pull
output stage and a substitution is being contemplated
for one tube, it should be carried out for hoth. If the
characteristics of the original and the substitute differ
markedly, parasitic suppressors may be required in grid
and plate leads (if they arc not already in the circuit).
Fifty-ohm resistors capable of handling the currents
involved are adequate. If two individual tubes replace
two tubes in a single envelope, such resistors may prove
very important because the changes in wiring and
lengthening of the leads may cause oscillation.

Negative feedback is used in inany audio systems
between the output power stage and a preceding stage.
Tube substitutions can upset the feedback conditions,
especially if the electrical characteristics of the substi-
tute are unlike the original. If audio quality or power
over-all gain seems to have suffered too much, the feed-
back circuit should be checked.

When tube substitutions in a-f driver stages are con-
templated, the range of substitutes is more limited than
in the case of voltage amplifiers. While tubes designed
for the driver stages of a-f amplifiers may be used in
other capacities, tubes designed for other functions
very often are not usable in a driver stage. Because the
tube grid in the driver stage is driven into the positive
region during certain portions of the signal cycle, the
tube which feeds the driver-stage input transformer
must be of the correct type for operation with the
driver-stage input transformer. In like manner, the
driver stage is impedance-matched to the transformer
which feeds the succeeding stage. This is another re-
quirement that must be satisfied when the substitute
tube is selected from a number of types which possess
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the required over-all similarity in electrical character-
istics.

Phase-Inverter Stages

Phase-inverter stages present no serious problems in
substitution except for the fact that differences be-
tween the original and the substitute may demand
readjustment of the load resistor so as to arrange that
the signals from the phase-inverter stage to the control

grids of the succeeding push-pull stage are of like
magmtude If the phase-inverter stage serves just one
function, inverting the signal to one of the succeeding
push-pull stage tubes, and it is of the same type as its
related amplifier tube which feeds the other succeeding
push-pull tube, then it may be convenient to substitute
like tubes for the phasc inverter and its related
amplifier.

Diode Rectifiers (Signal)

Too much need not be said about signal-rectifying
diodes. One significant detail 1s that .power rectifiers
are not substitutes for signal rectifiers. (They are not
shown as substitutes on the list; but the comment is still
required.) There is very little to choose from between
signal-rectifying diodes for virtually anyone will per-
form the functions of the others, except perhaps in
connection with frequency of operation. The transit
time (time taken for the electrons to advance from
cathode to plate relative to the period of a cycle of the
signal) limits the application of the tube in terms -of
frequency. Uhf diodes are suitable for operation at
lower frequencies. On the other hand, the low or con-
ventional frequency diodes are not suitable for the
rectification of uhf and sometimes even vhf signals,
unless so specified.

It is interesting to note that the equivalent of con-
ventional signal-rectifying diodes may be formed out
of conventional triodes by tying the grid and plate to-
gether thus forming one element, or by tying the plate
to the cathode and using the control grid as the second
element. Such equivalence is not indicated in the list
of substitutions, but it should be kept in mind.

Sometimes multipurpose tubes used in receivers do
not employ all of the electrodes. Quite frequently a
duo-diode may have its two plates tied together form-
ing a single diode to be used for a single purpose.
It 1s well to try to disconnect one of the plates and to
see if the operation is impaired ; if not, then the other
diode plate may, in conjunction with the common
cathode, be used as the substitution diode, Whether or
not such is possible depends upon the manner in which
the common cathode is being used.

New advances in the design of germanium crystal
diodes facilitate the use of these components as replace-
ments for conventional diode tubes in signal-rectifying
and detecting circuits. An important consideration in

this connection is the fact that they require no heater
supply and have an average life of over 10,000 hours.

Germanium crystal diodes are usable in vhf and
even uhf circuits since their maximum operating fre-
quency is about 500 Mc. They are rated for voltages
of from 25 to 200 volts, with peak anode currents up
to 200 ma. These components are particularly suitable
for detector circuits where their low shunt capacities
(of the order of 1 mmf) are advantageous.

"The substitution of a crystal diode for a conven-
tional-type tube is particularly simple because there is
no need for a heater supply circuit. A typical use
of a IN34-type crystal diode is illustrated in Fig. 1-1.

22,000.Nn
1w
——AAA— .
N34 120uh OUTPUT
INPUT- ._f‘ﬁl‘h_r_—-—,—-— (TO VIDE!
\ AMPLIFIER
(
PP v vioeo
_L 9.1 _I_ AMPLIFIER
= mmf NPUT
T l CAPA CITANCE
am0n | (APPROX!MATELY
w o 10mmf)
o — —J

Courtesy Sylvania Electric Products Inc.

Fig. 1-1. The use of a 1N34 type germanium crystal diode in
the video detector circuit of a television receiver. Notice that
the value of the circuit parameters are similar to those found
in most video detector stages.

Here the component is shown being used in a video-
detector circuit of the type common in most television
receivers. The performance of the circuit with the
1N 34-type crystal diode depends upon the proper choice
of circuit parameters. In most circuits, however, it
will be found that there need be no component modi-
fications for good performance. Conventional-type
tubes for which germanium crystal diodes are success-
ful replacements are the 6ALS, 6H6, 6T8, and 12ALS.
In the replacement of duo-diodes not only must the de-
tector function be taken care of, but the sync limiter
or other use must also be replaced. This is possible by
using a IN35-type matched duo-diode crystal com-
ponent. See the table of geranium crystal diodes in
Section S.

For further information as to the use of germanium
crystal diodes in video and f-m detector circuits as well
as in other signal rectifiers, see 40 Uses for Germanium
Diodes, a booklet obtainable from Sylvania Electric
Products, Inc.

Diode Rectifiers (Power)
Power rectifiers are of two types, high-vacuum and
gaseous. Normally, high-vacuum rectifiers are inter-

changeable as are gaseous ones, within the limitations
set by the current and voltage ratings of the device.
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Gaseous-type rectifiers frequently may replace vacuum-
type rectifiers provided that the electrical characteristics
are the same and the related circuit requirements are
satisfied. Replacement of high-vacuum rectifiers by
the gaseous kind is not recommended except when high
currents are involved and when a constant voltage drop
in the rectifier is required: the need for high voltage
alone is not sufficient.

To take a typical case, the mercury-vapor rectifier
requires choke input instead of capacitor input in the
filter system. The high current surges which occur
with capacitor input would destroy the gaseous tube.
Also. gaseous tubes are suitable for the rectification
of medium voltages and higher (500 volts output and
up) and they are intended for systems wherein high
current loads exist and where the variations in current
load are large. In the case of a-c—d-c receivers, there
are no gaseous equivalents for the high-vacuum types
used. Gaseous rectifiers, moreover, are a source of r-f
“hash’ and, therefore, are not suitable for use in close
proximity to circuits susceptible to such radiations.

High-vacuum tubes, on the other hand, are suitable
replacements for mercury-vapor rectifiers if the rec-
tifier system can stand the increased voltage drop which
occurs in the high-vacuum tube and if the electrical
requirements are satisfied. As a rule, the heater cur-
rent for high-vacuum rectifiers is less than that re-
quired for gaseous rectifiers of comparable d-¢ voltage
and current output. Other important electrical require-
ments to consider are the a-c input voltage,. output cur-
rent, and inverse peak voltage. The last-named term
expresses the ability of the tube to withstand the peak
voltage hetween the anode and the cathode during the
nonconducting portion of the cycle,

Assuming the lack of recommended substitutes,
high-vacuum tubes are suitable for substitution in sys-
tems which operate at lower d-c output voltages and
currents than the high-vacuum tubes are rated for,
provided that the heater requirements are satisfied.
Such substitution should be made only in extreme
cases when no other means are possible and a system
nmust be restored to operation. For that matter, in such
an event, the mercury-vapor kind also can be used
provided that there is a choke input in the filter system.
This is a MUST condition.

The substitution of a filament-type rectifier for a
cathode-type one introduces certain complications, es-
pecially when the remainder of the tubes in the system
are of the cathode-heater variety. The difference in
heating time would result in the very rapid build-up
of the voltage output from the rectifier hefore the tubes
receiving the plate and other voltages were in a con-
ducting state. Thus, the rectifier would be operating
for a period of time with practically no load. This
results in a high output voltage — much higher than

when the load is applied — and could very easily break.

down the filter capacitors and also some of the bypass
~ capacitors in the equipment receiving its voltage from

the rectifier. Replacing a filament-tvpe rectifier with a
heater type causes no complications of this sort.

From a practical viewpoint it seems worthwhile to
go to no end of trouble to find a suitable filament-type
substitute for a filament-type original. This seems
easier than changing the voltage rating of all of the
filter capacitors and the hypass capacitors for high
working voltage units. Of course, if examination of
the capacitor voltage ratings and measurement of the
rectifier output voltage shows that the momentary
peak is within the operating voltage rating of the
capacitors, the change can be made without endangering
the filter and hypass units. If this is not the case and
replacement of the filter and bypass capacitors is not
feasible, then the only alternative is to use an increased
bleeder load and thus reduce the over-all output voltage
from the power supply. '

For medium- and low-voltage requirements, selenium
rectifiers are far more suitable substitutes for high-
vacuum rectifier tubes than are gaseous tubes. Minia-
ture selenium rectifiers are available in various sizes
rated from 50 to 500 ma. The 50-, 65-, 75-, and 100-
ma sizes will, in most cases, best serve ‘as replacements
for half-wave rectifiers in a-c—dl-c equipment.

Generally speaking, to replace the vacuum-tube recti-
fier in a phonograph oscillator, use the selenium rectifier
rated for 50 ma, for three-tube amplifiers use the
65-ma size, for five- or six-tube receivers without a
push-pull output, use the 75-ma rectifier, and for six-
tube sets and up use the 100-ma rated one. To replace
the 2525, 2576, 35W4, 35Y4, 35Z3, 35Z4, 3525, 4525,
50Y6, and 50Z7, use a 403D2625A type selenium
rectifier with a rating of 100 ma.

When a rectifier tube is replaced by a selenium recti-
fier, a compensating resistor must be inserted into the
filament circuit to make up for the resistance drop due
to the elimination of the rectifier tube if its filament
was in series with other filaments. The value of this
compensating resistor depends upon the rectifying tube
that has been replaced. The following table lists the
resistance to he used for the tubes mentioned above.

TUBE RESISTOR WATTS
(ohms)

25Z5 85 15
2526 85 15
35W4 230 10
35Y4 230 10
3573 230 10
35Z4 230 10
35Z5 230 10
45Z5 300 10
50Y6 330 15
50Z7 330 15
11773 none required

117Z6 none required

In some sets, the pilot light may be connected across
a low-voltage tap on the rectifier tube filament. If this
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is so in the set in which the rectifier tube is heing re-
placed, connect the pilot light across a tapped-down
portion of the compensating resistor (about 10 to 25
ohms will do depending upon the current in the fila-
ment circuit). A No. 47 pilot light can be used in
this case.

When replacing vacuum-tube rectifiers by selenium
rectifiers in a-c—d-c portables using battery-tvpe tubes
that obtain filament voltages from B plus through a
dropping resistor, reduce the value of the shunt re-
sistor connected from the low end of the filament drop-
ping resistor to the negative point. This will compensate
for the increase in filament voltage. .

In most cases, a protective resistor should be in-

serted in series with the selenium rectifier to protect
the rectifier and filter capacitors from excessive current
peaks during operation. The value of this resistor will
vary from 5 to 50 ohms depending upon the current
load of the rectifier; the higher the load, the smaller
the protective resistor needed.

Manufactured adapters will probably be available for
use with miniature selenium rectifiers in the future, in
the meantime, they can be made fairly easily by using
discarded tube bases. Following are instructions for
making adapters for a few of the most popular rectifier
tubes used in a-c—d-c equipment.

To make an adapter for the 35Z5 used in series
circuits: ’

a) connect a 230-ohm, 10-w resistor from No. 2
to No. 7 on an octal base

h) connect a 20-ohm, Y5-w resistor from No. 2
to No. 3 '

c) connect 25-ohm, Y4-w resistor from No. 8 to

positive side of rectifier
~d) connect No. 5 to negative side of rectifier.

To make an adapter for a 35Z5 used by itself, follow
the above steps but delete steps a) and b).

For the 2526, 25X6, 3526, SOAX6, S0Y6, and the
117Z6 when these tubes are used by themselves as half-
wave rectifiers, make an adapter as follows:

a)- connect a 25-ohm, 15-w resistor from Nos. 4
and 8 on octal hase to the positive side of the
rectifier

h) connect Nos. 3 and 5 to negative side of the
rectifier.

If the filaments of these tubes are in a series circuit,
then naturally a compensating resistor must be added
with the selenium rectifier. This resistor, whose value
may be obtained from the table given previously, will
he connected hetween pins No. 2 and No. 7. No re-
sistor is needed when the 11776 is replaced.

Wideband Amplifiers (Video and Others)

Although referred to earlier in this section, these
systems are singled out for elaboration because of
their seemingly peculiar conditions of operation. Ex-

amination will show that very low values of plate-load
resistance are used and also that the applied plate
voltage is very low, much lower than that shown in
tube characteristic charts.

This is so because it is necessarv to have wide fre-
quency response. Gain in each stage is sacrificed for
the attainment of low reflected capacitance and also
the creation of suitable resonance.! By means of shunt
or series peaking, or both, a wide band of frequencies
can be amplified. (This is explained in detail in the
hook referred to in the footnote.)

Tube substitutions in wideband amplifiers, therefore,
require very serious consideration. The substitute tuhe
characteristics should approximate most closely the
complete conditions existing in the original. Interelec-
trode capacitance is very important. Plate-current,
grid-bias, and grid-circuit resistance ratings should be
the same. Lead dress must he maintained as much as
possible because changes in the position of leads will
affect the frequency of resonance and thereby the over-
all bandwidth of the system. This is very important if
socket changes are required.

If possible, all stages should be replaced by like sub-
stitutes even if only one stage requires replacement.
This is expensive but advantageous. If the facility to
check frequency bandwidth exists, then it is possible
to confine the replacement to only one stage, the one
in which the original tube is bad. Make the frequency
run, and if the response is satisfactory after the re-
placement in that stage, the other stages need not he
changed. Such tests can he made by means of a square-
wave generator or a sine-wave generator. Usually the
limits of response are expressed by the lowest and
highest frequency signals which are down not more
than 3 db from the top. In some instances, the am-
plifier design is more critical and the over-all response
is expressed in terms of only 1 db down from the top.

Utilization of Sections of Multifunction Tubes

A number of tubes found in television and other
equipments combine three and four sets of electrodes
in a single envelope, thus performing three or four dif-
ferent functions. Direct substitutions for these tubes
may not be available. In that event it is necessary to
utilize two individual tubes containing such electrodes
as will furnish the facilities originally contained in the
single fube which is heing replaced. For example, a
triple diode-triode such as ‘the 6T8 may require re-
placement. If the original is not available, pairs of
substitutes must be used, for example, a 6ALS and
a 12AV6 or a 6ALS and 6AQ6. These are the recom-
mended combinations, other combinations of a double-
diode with a double-diode triode, or single diode-triode

1], F. Rider and S. D. Uslan, Encyclopedia on Cathode-Ray
Oscilloscopes and Their Uses, John F. Rider Publisher, Inc.,
New York, N. Y, 1950, pp. 389-401,
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will function satisfactorily. One of these tubes takes
over the function of two diodes in the 6T8 and the
other tube takes over ‘the function of the remaining
diode-triode. _

Substitution of two tubes for one is not easy; it
means adding sockets and perhaps even changing
sockets on crowded chassis where space is at a pre-
mium. This requires planning of the socket location
and the location of shunt and series resistors, so as to
keep connecting leads short. But it can be done, and
it is a vivid example of how tubes with more electrodes
(and capable of more functions) than the original may
be used in replacements so long as only the necessary
number of electrodes are utilized. Also it is an example
of how it may he necessary to utilize several substitute
tubes to perform the function of one original. Inci-
dentally, pairs of tubes which can be used in place of
other multifunction tubes are listed in an addendum to
" the tube substitution list. Which combination of sub-
stitute tubes fills the replacement of a single original
is a matter of individual circuit design. Very many
possible substitutions of this kind exist, especially in
so far as signal diodes are concerned.

Tube Substitution Techniques

Heater circuits are very significant in connection with
tube substitutions because tube types are organized in
terms of heater voltage. Therefore, it is quite in order
to show the techniques involved in arranging tube
heater circuits so as to accommodate substitute tubes.
Before discussing the methods, however, in fact even
before speaking about heater ratings, it might be well
to emphasis one very important point, all heater ratings
are interpretable in terms of resistance. The ohmic
value of a heater is the same when it is operated on
direct current or alternating current. Any reference
to heater voltage considers the d-c value and rms or
effective a-c value as the same. Thus a tube heater
rating of 6.3 volts means 6.3 volts d.c. or 6.3 volts
rms a.c. The same applies to any other numerical
rating. Note: Many battery-operated tubes will not
function properly on a.c.

Heater current is treated in like fashion. A reference
to 0.15 ampere or 150 ma means d.c. or a.c., the latter
being the rms value. The rms value is used because it
is responsible for the heating effect in" filaments and
to get equivalent heating in d.c. and a.c., the d-c value
must equal the rms a-c value.

While the above statement is true in all conditions
associated with resistance, it should not be assumed to
apply to all a-c systems regardless of circumstances.
For example, the d-c value of voltage is related to the
peak value of an a-c voltage when insulation resistance
is involved. This is important in the operation of
capacitors and in connection with the insulation break-
down of rectifier tubes during the nonconducting
portion of the cycle.

Heater Ratings versus Heater Circuits

It is common practice among electronic equipment
manufacturers to use eertain kinds of tubes {for certain
kinds of equipment. For example, in most a-c—d-c
equipment, the tube heaters are connected in series
across the line. The same is true when such equipment
is intended for hattery-operated portable use (the three-
way portables). Other equipments are designed for
operation from the a-c power lines only and the heaters
are arranged in parallel chains. Still other equipments
use a combination of series-parallel systems, as for
example, a-c—d-c television receivers.

Sometimes the series. chain is singular; sometimes
there are a number of chains connected in series-
parallel between different points as shown in the sche-
matics at the end of Section 3. In the parallel systems,
several independent parallel chains are used. Usually
the rectifiers are wired individually and, in the true
sense, are series circuits. The remainder of the tubes
are, however, in parallel, all being on one chain or
divided among a number of chains fed from individual
voltage sources. These too are illustrated in Section 3.
Incidentally, the receivers included in that section
represent practically every one produced and sold in
the years 1938 through October, 1950 as contained in
Rider's TV Manuals Volumes 1 through 5.

" Parallel Circuits

Parallel chains will accommodate tubes which re-
quire equal heater voltage; they will also accommodate
tubes with heater voltage ratings with are lower than
that being supplied to the remainder of the tubes. This
is shown in Fig. 1-2. The current rating of the heater
is a matter of secondary concern in parallel chains.

ELot ol

Fig. 1-2. Parallel con-
nection of vacuum-tube
heaters. The voltage drops
across the heaters so con-

nected are equal to the volt-
J‘UB#'Jé;_UTE__‘ _age across the secondary of
Ez€Ey=Ep the power transformer as

shown.

If the supply voltage source (the heater transformer)
is capable of supplying the required current at its rated
output voltage, then any reasonable heater current re-
quirement set by the substitute can be satisfied. The
only limitation which exists relative to parallel con-
nected heaters is that the output voltage rating of the

- heater transformer cannot be exceeded. The current

through the parallel heater is determined by the re-
sistance of the heater so that, if the voltage is correct,
the current will be correct. If the current drain of the
substitute heater added to the total current drain of
the other tubes in the parallel chain exceeds the cur-
rent output capabilities of the heater transformer, the
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voltage will fall on all the heaters. It is possible to
operate all receiving tubes at perhaps ten per cent be-
low the normal voltage and current ratings.  In special
cases this reduction can be exceeded but it is not recom-
mended.

Tube substitutes which bear heater voltage ratings
lower than that of the original tube can be applied
readily to parallel circuits. All that is needed is to drop
the supply voltage to the level demanded by the sub-
stitute. The correction must be applied directly in the
circuit which feeds the substitute tube. This is shown
by the location of R in Fig. 1-3. The amount of volt-

2 %
| 1 > £
Fig. 1-3. When substi-

S UBST ITUfE

tuting a tube with lower
voltage reqmrements than

the original, a series re- €y E ER (A)
sistor is added in the
branch of the parallel feed
in which the tube is placed.
The resistor may be a
single one asin (A), or two Ry
smaller ones as in (B). WHERE
RyzRp = %
Rz
(8)

age to be dropped is the difference between the supply
voltage E and the tube heater requirement E,. Suppose
we wish to substitute a 2B7 with a 2.5-volt heater for a
6B7 whose 6.3-volt heater drew its supply from a
filament transformer with an output of 6.3 volts. The
difference E — E, is 3.8 volts and this must be dropped
at the heater current rating of the substitute tube,
namely, 0.8 ampere. The value of the voltage-dropping
resistor then is

R E—E, 38
- 1 08
or
R = 4.75 ohms or roughly 5 ohms.
The power rating of R is
P = I*R = 0.8 X 4.75 = 3.204 watts.

In the examples cited, the substitute imposes a
load that is somewhat greater than the original; the
power consumption of the 6B7 heater is 1.89 watts
whereas that of the 2B7 is 2.0 watts. To this must
be added the power dissipated across the voltage-
dropping resistor R, for, after all, it is a part of the
newly created load. Roughly, this amounts ‘to 3
watts. So, the substitution of a 2B7 for a 6137 means
the imposition of a 5-watt load in place of the original
1.89 watts, or an increase in load of 150 per cent.

Normally, the addition of such a load will cause no
trouble, but in the event that several tubes require sub-

stitution, the load may be increased to the extent that
the voltage drop in the transformer secondary hecomes
excessive, and the voltage across all of the heaters will
he lowered.

Some television receivers utilize a heater voltage sup-
ply which is the equivalent of two 6.3-volt windings in
series, with the centertap grounded and acting as a
common return path for two parallel chains of 6.3-volt
heaters. This is shown in Fig. 1-4. Each winding fur-
nishes 6.3 volts for its respective chain, but by virtue
of a common center connection, the difference of po-
tential between the extremes of the two windings is
twice that of each, or 12.6 volts. Consequently, a 12.6-
volt heater can he used by connecting it across the ex-
tremes of the windings. '

Fig. 1-4. Filament cir-
cuit of the type found in
many television receivers.
The center tap between the
two windings is grounded
to serve as a return for the
filaments in parallel, each
of which receives 6.3 volts
from its part of the sec-
ondary.

]
P
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If necessary, more than one tube substitution can
be handled in this way. The voltage between the ex-
tremes of the two windings is a maximum which cannot
be exceeded, therefore, even such an arrangement does
not permit the use of a tube which requires more than
12.6 volts (or whatever the voltage happens to be be-
tween the two extremes of the windings).

The number of 12.6-volt tubes which can be handled
in the manner shown in Fig. 1-4 is not without limit.
The power-handling capability of the two windings is
the controlling factor. The substitution of a-single
12.6-volt tube in place of a 6.3-volt tube is no problem
especially when the power. consumption is the same
for hoth heaters; more than likely it will not cause any
concern even if an increased load is created by the se-
lection of some special type of 12.6-volt tube.

Series Circuits

The substitution of tubes in series-wired heater ar-
rangements hinges upon the following fundamentals
of Ohm’s law relatmg to series circuits:

1. In a series circuit there is only one path for
the current.

2. The current in a series circuit is equal to the
applied voltage divided by the total resistance.

3. The sum of the individual voltage drops in a
series circuit eguals the applied voltage.

Illustrated in Fig. 1-5(A) are four tube heaters con-
nected in series across a voltage supply source E. Only
one path exists for the flow of current I, therefore,
the current must be the same in all parts of the circuit,
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that is, in each heater. This immediately establishes
the requirement that all heaters connected in series
must have similar current ratings. A variation of 10
per cent in heater rating is permissible so long as the
heater has a higher rating than the current required by
the other heaters in the circuit.

S —

Fig. 1-5. Filaments con-
nected in series (A) may
be represented as individ-
ual resistances (B), each
of Whic}:i passes thebsame
current determined by the
applied voltage divided by 4’?“” g€ 04N aen den

the total resistance. -—_ (&) =

£
-1

/a) =

Ry R Ry Rgq

] —

The numerical value of the current is dependent
upon the applied voltage E and the total resistance R
of all of the heaters, as stated in statement 2. above
Since resistances connected in series are additive, the
total heater ‘resistance R, is equal to R, 4+ R, 4+ R,
-+ R, as indicated in Fig. 1-5(B). If, for the moment,
we assume that each heater is rated at 12.6 volts and
0.15 ampere (150 ma), then the resistance of edch is
12.6 divided by 0.15 or 84 ohms. The four heaters in
series, .therefore, represent a total resistance of 336
ohms. Knowing the total R and the required current,

the supply voltage necessary to limit the current to the .

required value is

E—=IR
or
E = 0.15 X 336 = 50.4 volts.

If the voltage drops across each heater (or the voltage
required across each heater) are aggregated, it is seen
that the sum of the voltage drops equals the applied
voltage. Thus are illustrated statements 1., 2., and 3.

In view of what follows it might be well to devote
a little more time to the matter of voltage drops and
applied voltage, or the possibilities of statement 3. Cur-
rent flowing through a resistance will cause a voltage
drop across that resistance. If the current flow is the
rated value, then the voltage drop numerically is the
same as the voltage rating of the resistance. If the re-
sistance is the heater (or filament) of‘a tube, and the
current through it is the rated -value, then the voltage
drop is equal to the voltage rating of the heater.

We have simplified the problem by deliberately mak-
ing the applied voltage (which we also can identify
as the line voltage) equal to the total of the voltage
drops in the load. As a rule, this is not found in prac-
tice; the line voltage always exceeds the total of the
voltage drops across the tube heaters. This excess volt-
age is dropped by means of a line voltage-dropping
resistor across which there is a voltage drop equal to
the difference between the sum of the tube heater volt-
age drops and the line voltage. For example, if the line

A A___A :
APPLIED |
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voltage is 117 volts and the total of the tube heater
voltage drops is 50.4 volts as in the ahove case, the line
voltage-dropping resistor will drop 117 — 50.4 or
66.6 volts at the value of current which is ﬂowmg
through the series chain.

Statement 3 still holds, except that now the series
line voltage-dropping resistor has been added to the
elements (heaters) which comprise the load. This
action of the line voltage-dropping resistor may be
considered from a different viewpoint. It is the means
whereby the line voltage is dropped to that value which
equals the sum of the vojtage drops across the heater

elements. This is not a play on words; it simply pre-

sents the relationship between the line voltage and the
total heater drops from two angles relative to the pur-
pose of the line voltage-dropping resistor. In one case,
the line voltage- droppmg resistor is considered a part
of the load and, in the other, only the tube heaters are
considered to comprise the load. Personally, we prefer
the former and shall hold to it in these explanations.

| c090
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Fig. 1-6. A series chain of four filaments or heaters with a
line voltage-dropping resistor. The voltage drop across the line
voltage-dropping resistor makes up for the differences between
the line voltage and the voltage required by the four heaters.

An example of the above is shown in Fig. 1-6. Here
the elements of the load are shown to the right of the
vertical dotted line and the applied voltage source is
shown to the left. The series. system indicates a total
heater voltage drop of 50.4 volts at 0.15 ampere and
a line voltage of 117 volts. The difference in voltage
is dropped across the resistor R. Since the line voltage-
dropping resistor is in series with the heater chain,
the same current will flow through R as through the
heaters. The voltage drop across this resistor is, there-
fore, a function of the current through it and its re-
sistance. Since this voltage drop represents a dissipa-
tion of energy, the line voltage-dropping resistor bears
a wattage rating in addition to its resistance rating.
The power dissipation is a very important factor and
must be taken into account in the event of any changes;

-in fact, it determines the type of resistor element which

suits this purpose. The power dissipation in watts is
expressed by either IE, I’R, or by E*/R, where [ is the
current in amperes, R is the resistance in ohms, and E
is the voltage in volts, exactly the same units as are used
for the other Ohm’s law calculations.
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The ohmic value of R is

117 — 504
- 015
66.6
-~ 015
= 444 ohms.
Its power dissipation is
P=EXI
= 66.6 X 0.15
= 9.99 watts (approx. 10 watts)
or
= I’R
= 0.0225 X 444

= 9.99 watts (approx. 10 watts).

To prove these figures, the total resistance of the four
heaters is 4 XX 84 or 336 ohms; adding this to the 444
ohms resistance of the line voltage-dropping resistor
results in a total circuit resistance of 780 ohms. With
a current of 0.15 ampere flowing in the svstem, the
applied voltage is £ = 0.15 X (336 + 444) = 117
volts.

Let us now examine the possible variables in a simple
series chain of the kind shown in Fig. 1-6. Statement
3. of Ohm’s law relates to an equality hetween the line
voltage (applied voltage) and the total of the -voltage
drops in the load. No restriction is evident concerning
the number of elements (tube heaters) which may com-
prise the load and across which the total of the heater
drops will occur. In the system shown in Fig. 1-6,
four elements comprise the heater load. These could
be any number provided that the total voltage drop did
not exceed the line voltage; if it equaled the line volt-
age, then the line voltage-dropping resistor (R in Fig.
1-6) would not be required in the circuit and the system
would become the equivalent of Fig. 1-5(A), with
more heaters than are shown there.

As a matter of fact, no matter what the total of the
rated voltage drops across the heaters in the load is,
this value can never exceed the applied (line) voltage,
for statement 2. establishes that the current will adjust
itself automatically in accordance with the total re-
sistance and the total applied voltage. For example,
if fourteen 12.6-volt, 0.15-ampere tubes were used in
series across a 117-volt line, the total resistance would
be 1,176 ohms. The current,

117

1,176
or 0.099 ampere, and the voltage drop across
each heater would be 0.099 X 84 or 8.3 volts. It is
obvious that the voltage across these heaters would be
insufficient for proper operation of the tubes. Correc-
tion of this state would demand a revision of the cir-
cuit or an increase in the line voltage; the latter is
impractical, so the former is the only solution. It will
be treated later.

On the other hand, the need may arise to substitute
‘a lower voltage rated heater for a higher rated one,

therefore, would be

11

such as a 6.3-volt tube for a 12.6-volt one. If the rated
voltage drop across the series heaters is at least ten
times the rated voltage drop across the substitute
heater, the latter may be inserted into the string with-
out requiring any correction. Thus, if the total rated
voltage drop across the series heaters is 75 volts, and
a 6.3-volt tube is a replacement for a 12.6-volt heater
in the string, the replacement will be subject to a
slightly higher voltage (and current) but it will do
no harm.

For example, if the original series string consists of
a 25-volt, 0.15-ampere tube and four 12.6-volt, 0.15-
ampere tubes, the total resistance of these heaters is
502 ohms.
dropping resistor of 227 ohms, making a total load
resistance of 779 ohms. Substituting a 6.3-volt tube
for the 12.6-volt one reduces the heater resistance to
460 ohms, and the total load to 737 ohms. This results
in a circuit current of 0.158 ampere, and as a result,
the 12.6-volt tubes are subjected to a-voltage of 13.27
volts, the 6.3-volt tube to 6.6 volts, and the 25-volt
tube to 26.4 volts. None of these voltages are so ex-
treme as to endanger the tubes.

Battery tubes, however, should be treated with more
care and every effort should be made to keep the volt-
age as close to the rated voltages as possible, especially
when operation is intended on a-c lines.

Circuit conditions encountered in practice seldom are
such that the total voltage drop across the heaters or
filaments equals the applied or line voltage. The use
of a line voltage-dropping resistor is very common,
consequently, any change in the total voltage drop
across the load caused by a substitution demands that
the drop across the line voltage-dropping resistor be
changed, and this means a change in its ohmic value.
Whether the latter is done by shunting another resistor
across it, by physically changing its length (as happens
with line cords), or by substituting a new one of proper
ohmic value for the original is determined by which-
ever is most convenient. If the total voltage drop across
the heaters is increased, the drop across the line re-
sistor must be decreased, and vice versa. A typlcal
example follows,

Seven 6.3-volt heaters are in series with a 35-volt
heater. All are rated at 0.3 ampere. The total voltage
drop across the heaters is 79.1 volts and the total re-
sistance of the heater load is 264 ohms as shown in
Fig. 1-7(A). With a supply of 117 volts, 37.9 volts
must be dropped across the line dropping resistor 'R.
At - 0.3-ampere current flow, the ohmic value of R
must be 126 ohms and its power dissipation, therefore,
is 11.3 watts.

Two 12.6-volt, 0.3-ampere tubes must be substituted
for two of the 6.3-volt tubes. The modified circuit is
shown in Fig. 1-7(B). Simple calculation of the total
voltage drop across the heaters shows an increase of
12.6 volts, therefore, it is obvious that the value of R
will have to be decreased. Its value may be determined

This Book Is In the Public Domain

Operation from a 117-volt line demands a . ~



RECEIVING TUBE SUBSTITUTION GUIDE

in a number of ways, but a simple procedure is the
following

Original value of Ep — Increased voltage
R drop across heaters
e Current through the system
=379 —126
0.3
=— &4 ohms.
The power dissipation in the new R is
P —I*R
— 0.09 X 84 = 7.5 watts.
R H Ha Hy Hy Hg Hg Hy Hg
I= 126 0
AMP™ 37.9v 35V 63V 6.3V 6.3V 6.3V 6.3V 63V 6.3V
EappLien = 17V TOTAL S 79.1V L
= (A)
R H H H H H H H H :
I; 8an 1 2 3 4 S ] 7 8
ANMP “z5.ay 35V €3V 1.6V 6.3V €3V f2.6V 6.3V 6.3V
— 7
EappLiep =17V TOTAL=291.7Vv -
L (B)

-

Fig. 1-7. In (A), a series chain of seven 6.3-volt heaters and
one 35-volt heater requires a line voltage-dropping resistor R
of 126 ohms to bring the applied voltage of 117 volts down
to the value required by the heaters. When the total voltage
drop across the heater is increased by 12.6 volts as in (B),
the value of R must be decreased to 84 ohms.

Substituting Low-Current Rated Heaters for
Higher-Current Heaters

Suppose that in the circuit of Fig. 1-7(A) two 12.6-
volt heaters rated at 0.15 ampere must replace two of
the 6.3-volt 0.3-ampere heaters. Let us select H; and
Hg as the specific heaters. How would this be accom-
plished? Two methods are practical, one being simpler
than the other. Suppose we treat the more difficult one
first. :

Since the circuit current is 0.3 ampere and each sub-
stitute heater draws only 0.15 ampere, it stands to rea-
son that they just cannot be connected into the circuit
as is, otherwise each would be subject to a 100 per
cent current overload. However, two such heaters
connected in parallel would require 0.3 ampere, and
because of the division of currents in a parallel circuit
in accordance with the resistance of each branch, con-
necting these two tubes in parallel would result in 0.15
ampere flowing through each heater. Moreover, the
voltage drop across two elements in parallel is the same
as that across a single element and, since the total
drop across the two 6.3-volt heaters which are being
replaced equals 12.6 volts, the two 12.6-volt heaters in
parallel can replace the two individual 6.3-volt heaters
without changing the total voltage drop across the
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string of heaters. This is shown in Fig. 1-8(A). Note
that the total drop across the string of 6.3-volt heaters
originally [Fig. 1-7(A)] was 79.1 volts, and that the
total drop across the heaters with the two parallel 12.6-
volt substitutes is 79.1 volts. This means that the line
dropping resistor R need not be changed since it is
called upon to drop 37.9 volts at 0.3 ampere, the same
as in the original circuit. ,

The other means of accomplishing the substitution
is shown in Fig. 1:8(B). Instead of connecting the two

JASAMP Ha ASAMP Hg

TOTAL 91.7V

(B8)

Fig. 1-8. Two methods of substituting 12.6 volt, 0.15-am-
pere heaters for 6.3-volt, 0.3-ampere ones are shown. In (A),
both substitutes are paralleled together, splitting the current
and keeping the voltage drop of the system intact; in (B),
each heater has its own shunt, thereby drawing its rated cur-
rent but increasing the total voltage drop of the heaters.

substitute heaters in parallel, they are treated individ-
ually and separate current shunts are connected across
each one. Since it is desired to split the current equally
hetween the heater and its shunt, the ohmic values of
the shunts must equal the resistanees which they shunt.
This means that R, — 84 ohms and R; = 84 ohms,
and each dissipates 1.89 watts. [See Fig. 1-8(B)].

However, handling these substitutions in this manner
means that the total voltage drop across the string of
heaters "has been increased by 12.6 volts, since two
12.6-volt heaters in series total 25.2 volts, and two 6.3-
volt heaters in series total only 12.6 volts. The in-
creased drop of 12.6 volts must be compensated for by
reducing the drop across the line resistor R. Figs.
1-7(A) and 1-8(A) are comparable, as are Figs.
1-7(B) and 1-8(B). In Figs. 1-8(A) and (B), the
total line current of 0.3 ampere flows into the junctions
of the parallel systems (the parallel heaters in (A),
and the heaters paralleled by the shunt resistors in (B),
divides equally between the two paths, and then re-
combines again to equal the 0.3-ampere line current.
Thus, the 0.3-ampere, 6.3-volt heaters receive the
proper current and so do the two 12.6-volt, 0.15-am-
pere heaters.
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If four tubes required substitution and they were
of like voltage ratings, two pairs of heaters could be
paralleled as shown in Fig. 1-8(A). If there were an
odd number of substitutions, two heaters could be
located in parallel and the odd one would be operated
with a shunt as shown in Fig. 1-8(B). As a matter
of fact, it is the principle underlying these techniques
rather than the actual number of tubes involved which
is important. Once the principles are understood, it
will he simple to apply them, and in general, the most
convenient method should be used depending on the
circuit and the components available. For example,
the availability of resistors is a determining factor in
deciding whether the liné dropping resistor will be
replaced or if two small resistors will be used for the
current shunts. If the substitution demands new
sockets, then paralleling of the heaters is no problem,
but if the sockets do not require changing to accom-
modate the substitutes it is more convénient to use the
current shunts.

Substituting Higher-Current Heaters for
Low-Current Heaters

Suppose the requirement is for the use of higher
current heaters in place of lower current heaters in a
series circuit. A single 0.3-ampere heater is to replace
one rated at 0.15 ampere in a series string of five
12.6-volt, 0.15-ampere heaters and one 25-volt, 0.15-
ampere heater. This: substitution is to occur at H, in
Fig. 1-9(A). Several solutions are shown in Figs.
1-9(B) through (G). The choice is detérmined by
which is most convenient and best fits the need. The
one fundamental requirement created by such a sub-
stitution is that the total line current must he increased
to 0.3 ampere so as to serve the increased current de-
mand of the substitute tube. Whether this means that
the line current will be limited to 0.3 ampere or in-
creased above that value is determined by the organiza-
tion of the heaters which form the load. One circuit
system [Fig. 1-9(B) and (C)] needs 0.45-ampere
line current, whereas other arrangements can be served
by 0.3 ampere; there is no way, however, of satisfying
the requirements of the 0.3-ampere tube with a line
current of 0.15 ampere. For comparison, let us keep
the constants of the original circuit [Fig. 1-9(A)] in
mind. Here we have a total drop of 88 volts across the
heaters, and 29 volts across the line dropping resistor
at a current flow of 0.15 ampere. ‘

One solution for the substitution is the use of two
series paths, one for the 0.15-ampere heaters and the
other serving the 0.3-ampere heater, as shown in Fig.
1-9(B). In order not to change the total voltage drop
in the 0.15-ampere chain, a resistance (84 ohms) cor-
responding to that of the heater (H,) which has been
removed is inserted in its stead. This establishes the

total voltage drop at the original value of 88 volts and
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. R Hy H2 Ha
1930
29v \ZQV .6V f2.6v 1.6V 1.6V 12.6V/

Vv
TOTAL =88V

Is
45
AMP

EappLigD =117V
= (A) =

Fig. 1-9(A). A series chain of heaters each drawing 0.15
ampere in a circuit with a single voltage-dropping resistor.

s 5 o=
AMP _AMP 193

29V | 25V .6V f2.6V 12.6V 12.6V 1.6V,

R He  TOTAL= 88V
MA_W,&,\_/\___L
3480 .6V L -
104.4v -
E appLiED = 17V EQUIVALENT DIAGRAM
L= : P

A5AM
!

E | -
(B) ) 4 J3AMP ~

Fig. 1-9(B). Hg of Fig. 1-9(A) has been replaced by a
12.6-volt, 0.3-ampere one requiring a Separate series circuit
and an increase in the current drawn from the line source.
Now there are two dropping resistors, one in each branch of
the circuit.

Lo fs R M Mz Hy  Hy Hg
AMP___AMP 27701 AN
416V \25V 1.6V 1.6V R.6V 126V,
Hg TOTAL375.4v
R
I=3amp_ L, A
104.4v 6V _L =
3480 -
EappLigp = 117V
= (C)

Fig. 1-9(C). Same as Fig:. 1-9(B) except that the dropping
resistor in the longer branch now is a combination of the
dropping resistor R and the compensating resistor R; of the
previous diagram.

the original line dropping resistor remains intact. Com-
pare Figs. 1-9(A) and (B). Since the drop across the
0.3-ampere heater is 12.6 volts and the line voltage is

' 117 volts, a line dropping resistor must be added to this

circuit. R, serves this purpose; its ohmic value (348
ohms) is such that it will drop 104.4 volts at 0.3-ampere.

Examination of the two series circuits of Fig.
1-9(B) shows that they are actually in parallel since
each goes from the 117-volt line to ground. This is illus-
trated in the equivalent diagram in Fig. 1-9(B). The
total resistance of each of the parallel branches is such
that 0.15 ampere flows in one, whereas 0.3 ampere
flows in the other. o
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The equivalent circuit in Fig. 1-9(B) is an import-
ant one to understand because it shows the application
of two series circuits connected in parallel. Television
receivers intended for use on a-c—d-c lines employ such
circuit arrangements quite frequently, see Fig. 1-8 and
the schematics at the end of Section 3.

A modification of Fig. 1-9(B) appears in (C). The
substitution requirement remains the same, bhut this
time the resistance equivalent of the heater which has
been removed is not inserted. Instead, the line drop-
ping resistor is changed in value so as to compensate
for the reduced total voltage drop across the heaters.
With one 12.6-volt heater removed, it has fallento 75.4
volts from the original 88 volts. This necessitates an
increase in the line resistor R from the original value
of 193 ohms to 277 ohms. (This follows from the
fact that the heater removed from the string had a
resistance of 84 ohms, and in order to maintain the
original amount of current in the circuit, this amount
of resistance must he added to the line dropping re-
sistor. The change is essentially the transposition of
the resistor R, in Fig. 1-9(B) from its position at the
grounded end of the string to the line dropping re-
sistor.) Now the drop across the line dropping resistor
is 41.6 volts, or the original 29.6 volts plus the 12.6
volts representing the displaced heater. The second
series leg of the circuit is the same as shown in Fig.
1-9(B); because its demands have not been changed in

any way by the modifications applied to the other series
circuit,

Several other interesting details may be mentioned
about the arrangements in Figs. 1-9(B) and (C). In
the latter, the increase in the value of the line dropping
resistor means an increase in power dissipation. The

power dissipation in the resistor in (B) is 4.34 watts;.

the power dissipation in the resistor in (C) is 6.23
watts. However, it is necessary to add to the former
the amount dissipated in the resistor R, which has
replaced the heater. This power is 1.89 watts, which
when added to the 4.34 watts, totals the same amount
as is dissipated in the higher value of resistance used
in Fig. 1-9(C). At first glance there may appear to
be no difference between the two systems, yet there is
a substantial difference. It is-simply that two resistors,
one of 4.34 watts and another of 1.89 watts rating (or
whatever may be the wattage ratings selected to afford
ample safety factor), are definitely more expensive
than a single resistor of such wattage rating as will
satisfy a power dissipation of 6.23 watts.

For purposes of comparison let us identify the power
dissipation in the system shown in Fig. 1-9(C). The
power dissipation in the 150-ma leg is 11.34 watts in
the heaters and 6.18 watts in the line dropping resistor
R, a total of 17.49 watts. The power dissipated in the
300-ma circuit is 3.78 watts in the heater and 31.32
watts in the line dropping resistor R,, making a branch
total of 35.10 watts. The dissipation in both circuits is
the sum of the branch wattages or 52.59 watts.
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A third possible arrangement for the substitution is
shown in Fig. 1-9(D). In a way, this is a more prac-
tical way to connect a 12.6-volt, 0.3-ampere-heater in
place of a 0.15-ampere heater of like voltage rating.
Only one series string is arranged, although it contains
two parallel circuits. This system operates in a similar
manner to that shown in Fig. 1-8. Of course, the
ability to assemble such a circuit depends upon the num-
ber of heater elements present. The four heaters H,,
H,, H,, and H; are of like constants, therefore, two
series pairs connected in parallel result in a system
requiring 25.2 volts and 0.3 ampere. In order that
heater H, draw only 150 ma, it is shunted with a re-
sistance equal to its own resistance. Thus, the original
six tubes now are arranged so that they can be as-
sembled into a single series string and supplied with
0.3 ampere of current.

The rearrangement of the 150-ma tubes reduces the
total voltage drop across the heaters because the
paralleled pair of series heaters draws only 25.2 volts
compared to its former 50.4 volts. The result is that
the total drop across the heaters is reduced to 62.8
volts. This requires a change in the line dropping re-
sistor to that ohmic value (181 ohms) which will draw
54.2 volts and so drop 117 volts to the 62.8 volts at 0.3
ampere required by the heaters. Relative to the power
consumption in such a system, the four series-parallel

R
Is= 1810

AMP  54.2V
EappPLiED 117V 1 4 5
\ 1660 2.6V 126V / =T
= TOTAL® 62.8V
(D)
. A
L ]
.3 —/\~
AMP 29V BV
Av‘v
£ sv R
APPLIED"" 'V'\ 661 840N B4R 84N B4N  /
., .
=4 TOTAL= 88V =
= (€)
. 9;‘1 “1 HAz N3 ’x Hs “6.
. A A Ao
.3 i f
AMP 29V R
€appLiED *11 7V fozzt
4.—:_\ / -
=\ 75.4V oy
(F) TOTAL = 88V

Fig. 1-9(D), (E), and (F). Various methods are shown
here for shunting the heaters of the circuit shown in Fig.
1-9(A), after the substitution of a 12.6-volt 0.3-ampere heater
for He, so that the voltage and current requirements of each
heater are-satisfied.
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IFig. 1-9 (G). Part of a tele-
vision receiver filament circuit
showing the isolating chokes
used between the heaters in the
scrics chain. The shunts shown
in dotted lines are unacceptable
because they nullify the action
of the chokes.

heaters dissipate 1.89 watts each for a total of 7.56
watts; the 25-volt heater H, with its shunt consumes
7.5 watts ; the 12.6-volt 300-ma heater H, consumes 3.78
watts; and the line dropping resistor consumes 16.26
watts. The total power dissipation of the whole cir-
Cuit-is, therefore, 35.1 watts. A comparison between
the total power consumption of the circuit in Fig.
1-9(D) and that in Fig. 1-9(C) illustrates the economy
in power consumption possible by a choice of circuits.

A modification of the circuit in Fig. 1-9(D), de-
signed. to allow the replacement of a 150-ma heater
tube with a 300-ma one, is shown in Fig. 1-9(E). Here,
all the heaters are in a single chain with a current shunt
across each 150-ma tube; the 300-ma heater H, does
not require a shunt. The ohmic value of these shunts
is equal to the resistance of each of the shunted heaters.
The power consumption of the entire system totals 36
watts made up as follows: each of the shunted 12.6-
volt heaters with its shunt consumes 3.8 watts, the un-
shunted 0.3-ampere tube requires approximately the
same amount of power, the 25-volt shunted heater with
its shunt consumes 7.5 watts, and the line dropping
resistor consumes 8.7 watts, a total of 35.2 watts. This
is slightly more than the consumption of the circuit
of Fig. 1-9(D), but it is much less than that required
by circuit 1-9(C). As to the relative ease of installa-
tion of circuits 1-9(D) or (E), it is a matter of speci-
fic circumstances, there being little to choose in terms
of power saving.

The reduction of the line voltage-dropping resistor
R, in Fig. 1-9(E) is significant. It means a smaller
unit and one with lower power dissipation rating, mak-
ing it more convenient to install than larger units.

A simplification of the shunted heaters is shown in
Fig. 1-9(F). Instead of individual current shunts, a
single shunt R, of suitable value (equal to the com-
bined resistance of the shunted heaters) is connected
across the 150-ma heaters, H, to H;. As indicated in
the diagram, this resistance amounts to 502 ohms, which
is the aggregate of four heaters of 84 ohms each, and
one heater of 166 ohms. The 300-ma heater H, re-
quires no shunt, therefore, it is not included by the
common shunt R,.

The use of a common shunt across several tube
heaters is not generally applicable to television receivers
without taking special precautions. The reason for this
is that it is common practice in series-wired television
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receivers to isolate one heater from the other by means
of isolating chokes [see Fig. 1-9(G)]. These are part
of the filament circuit, but their d-c resistance is ex-
tremely low. Any attempt to shunt current around these
heaters must exclude the choke from the shunted circuit
otherwise the effectiveness of the choke will be ma-
terially reduced, if not completely nullified. This means
that the current shunts shown in dotted lines in Fig.
1-9(G) are undesirable, instead, each tube should he
shunted separately and care must be exercised to see
that the shunt is connected directly across the terminals
of the related heater and does not include the associated
choke.

Series-Parallel Circuits

Having described the parallel-and the series systems
separately, the organization of the series-parallel sys-
tem should pose no problem. It is doubtful that the
occasion will arise which requires the design of a com-
plete new heater system, usually, the substitution
involves one or two tubes at the most and these can
be treated as illustrated in Figs. 1-9(B) through (G).
An example of a series-parallel combination somewhat
more complex than the usual is illustrated in Fig. 1-10.
To simplify the treatment of this circuit, we will
divide the heaters into two strings, and examine each
separately.

In string 1, heaters H, and H, require heater cur-
rent equal to the total line current entering the string.
Heaters H, through H. are alike in their requirements
for they draw the same current and voltage, however,
the total current drawn by these heaters is less than
I, because of the presence of the current shunt R,.
Furthermore, we note a number of voltage drops in
string 1 indicated by the letter E with subscripts. Volt-
age drop E; appears across the extreme limits of the
string and is equal to E, the line voltage. The presence
of the line dropping resistor R in series with the heaters
in string 1 indicates that the total voltage drop in the
system E,, is less than the applied voltage. The latter
is equal to the sum of E,; and E,,. Inturn E,, is com-
posed of the sum of the voltage drops E,, E, and E..

Suppose, for the moment, that heater H, is rated
at 25 volts and 0.8 ampere, heater H, is rated at 12.6
volts and 0.8 ampere, and heaters H, through H: are
rated at 12.6 volts and 0.15 ampere. This ideritifies E,
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as being 37.8 volts, and E,,, therefore, amounts to
25 + 12.6 -+ 37.8 or 75.4 volts. The line dropping re-
sistor R, therefore, disposes of 41.6 volts at 0.8 ampere.
The series-parallel arrangement of heaters H, through
H;, without the shunt R, requires only 0.3 ampere,
however, the line current is 0.8 ampere. Therefore,
shunt ‘R, must bypass 0.5 ampere. Its value can be
determined by R = E/I, where E is the voltage across
the shunt, in this case E, (37.8 volts), and I is the
current to be shunted through the resistor (0.5 am-
pere). R,, therefore, is equal to 75.6 ohms.

STRING 1
1,

E «i E~|

12 a He, Hg Hy

JSAMP Ep——
Ey

| &
Hy He2
Rz Hg Hyo
. Iz
STRING 2|+ g, d_.] i
Ee —
—E21
I k2
E=17V

Fig. 1-10. In a serics-parallel arrangement of tube heaters
such as shown here, each string should be considered separately
to find the requirements of each heater.

The distribution of voltages and currents in' string
2 requires no special comment. What has been said
so far will make the organization of this string easy to
follow with the possible exception of the shunting of
heater H,, across the series pair H,, and H,,. This is
made possible by virtue of the relative voltage ratings
of these three heaters; heaters H,, and H,, are rated
at one-half of that of H,,, or the total drop across the
series pair H,, and H,, equals the drop across H,,.
The total current drawn by H,,, H,,, and H,; must
equal the current flowing in the line through H,
and H,. Further examples of such circuits will be
found in Section 3. '

Dual-Heater Voltage and Current Tubes

Some tubes contain dual heaters which are con-
nected in series and tapped at the midpoint, offering
three points for connection. They bear one voltage
rating- when the two heaters are used in series and
another voltage rating (half the previous value) when
they are connected in parallel. Naturally, the parallel
connection bears a current rating which is twice that
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of the series rating. Circuitwise, the heaters appear
as shown in Fig. 1-11, and are listed in a tube char-
acteristic chart as follows:

- , FILAMENT HEATER
TUBE TYPE oL TAGE ©R CURRENT
3E6 14 0.10 ampere
28 0.05
12AT7 6.3 0.3
12.6 0.15
Fig. 1-11. Dual heaters
A A such as appear in dual-heater

tapped. This makes it pos-
sible to connect the heaters
either in series or in parallel
with each other.

l 1 tubes have their midpoint

The use of such tubes in a system affords a more
convenient means of substitution than the use of single
rated heaters for, by simply arranging the heaters in
parallel, they can be made to serve in circuits which
require the lower of the two voltages and the higher
of the two current ratings. By using the tube with
series-connected - heaters, it will suit the needs of cir-
cuits which require the higher voltage rating and the
lower current rating.”

oEFECTIVE
HEQTER
.-

T Fig. 1-12. A defective

-‘l heater in a dual-heater tube
may be replaced by an ex-
-ternal resistor equal in re-
sistance to -the defective
element.

EXTERNIL /
RESISTANCE

Each of these dual heaters is a resistance and, when
the heaters are used in parallel, the resultant resistance
is half that of either. When they are used in series, the
total resistance is equal to twice that of either. In the
event of failure of either heater, the remaining heater
is capable of causing sufficient electron emission from
the cathode and the tube may be treated as if it had
but one heater. If it is a matter of maintaining a cer-
tain voltage drop in a heater system, the defective
heater may be replaced by an external resistance equal
in valué to that of the original heater. This is fllus-
trated in Fig. 1-12. It must, of course, be understood
that when this external resistance replaces the bad
heater it will contribute nothing to the emission.

Resistor Substitution

A number of factors control the substitution of re-
sistors, these are:
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a. Type (wire or processed)
b. Ohmic value
c. Tolerance

. Wattage rating.

Relatlve to the type, wire-wound resistors should not
be used in frequency-sensitive circuits unless so stated.
The reason for this is the winding has inductance and
distributed capacitance. If a resonant peaking circuit
contains a carbon resistor in series with the peaking
coil, replacing that resistor with a wire-wound unit
will change the frequency of resonance, and so alter
the operation of the device. Such conditions will be
found in wideband amplifiers. In general, therefore,
replacement resistors should be of the same type as
those which were removed. Carbon resistors are pref-
erable in all high-frequency circuits, unless otherwise
indicated. In circuits which are not frequency sensitive,
the replacement of a processed resistor by a wire-wound
one is satisfactory, except when wire resistors appear
in both grid and plate circuits of the same tube. This
may result in feedback and oscillation in amplifier
circuits which ‘handle reasonable amounts of power.
Resonance may he created by means of the related
distributed capacitance and the inductance of the re-
sistor.

Concerning the ohmic value, it is assumed that the
correct substitution will be made with whatever toler-
ance is indicated in the reference information that
describes the constants of the circuit where the re-
placement is being made. Data concerning tolerance
identifications on processed resistors will be found in
Section 5. ;

Sometimes, a single resistor must be replaced by two
resistors or a shunt must be added so as to change the
ohmic value of a portion of the circuit in order to
satisfy the requirements of a tube substitution. The
equivalence between a single resistor and other com-
binations which can produce the same value is shown
in Fig. 1-13.

When resistances are in series, the total resistance
is equal to the sum of the individual resistances, no
matter how many there are [Fig. 1-13(A)]. The re-

=R

(a) (8 (c)
Ry 1
R P& el
= = 2 =

R

R3 X R Rg Rg R
R - R +R2 = 3 4 5 e N7

R3 + k4 Rs Ry + Rs R_"'R’p‘

Fig. 1-13. The use of a combination of resistors to produce
the same total resistance as a single one is shown in (A),
(B), and (C). The total resistance of each of the combinations
may be found from the formula beneath it and is equal to the
single resistance R shown at the left.
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sultant resistance of two resistances in parallel is equal
to the product divided by the sum, see Fig. 1-13. The
number of resistances which may he placed in parallel
is limited by practical considerations. If more than
two must be shunted in order to arrive at a certain
resultant, the following equation should be used
I 1 1 1 ' Fig. 1-13(C
7—E+Fa+ﬁ;+'” [see Fig. 1-13(C)].
For the case of three parallel resistors, the resultant
reduces to the fraction shown in Fig. 1-13(C).
Sometimes the situation demands that a certain re-
sistance be shunted by another to produce a certain
final value. The ohmic value of the shunt is determined
as follows :

R _ desired resistance X original resistance
shunt — T B B <
original resistance — desired resistance.

For example, a 100,000-ohm load resistance must be
reduced to 30,000 ohms in order to suit the new tube
used. What shall be the ohmic value of the shunt re-
quired for this job? Using the equation given above

_ 30,000 X 100,000 _ 3,000,000,000
st ™ 100,000 — 30,000 - 70,000

= 43,000 ohms (approx.).

R

Tolerance ratings, expressed in percentage, are the
amounts by which a rated resistance may differ from
the actual resistance of the element. A plus toler-
ance means that the actual value may be higher than
the rated value by ‘some amount not exceeding the
tolerance figure; a minus tolerance means that the
actual value may be lower than the rated value by
some amount not exceeding the tolerance. Thus, a
1-megohm resistor rated at 4 5 per cent means that
it may be as high as 1,050,000 ohms; if the tolerance
was — 5 per cent, its value might be as low as 950,000
ohms. Combining a plus tolerance resistor with a minus
one is a good. way of arriving at a desired resultant
when two of like value are not available. There are
many resistors that have a plus and minus tolerance
rating. Thus, a 1,000-ohm resistor of = 10 per cent
may be as high as 1,100 ohms, or as low as 900 ohms.

The power dissipation in a resistor carrying current
may be expressed by any one of the following methods

E2
= I*R = — =EI
P=1 7

where [ is the current flowing through the resistor; R
is its ohmic value, and E is the voltage drop across
the resistor. In most cases, the wattage rating of a re-

- sistor is an important factor. In certain grid circuits,

however, where the current is so small as to be négli-
gible, the resistor’s power dissipation value is not im-
portant. A half-watt rating will be found suitable for
all such circuits. However, in those instances when
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grid current exists and is used to develop all or part
of the grid bias, the wattage rating must be based
upon the calculated power dissipation. In general, a
maximum safety factor of 100 per cent should be
allowed above the calculated value. This means that
the wattage rating of the resistor chosen should be
equal to twice the calculated power dissipation. Such a
factor of safety is more than ample. For example, if
the dissipation is 1.2 watts, use a 2-watt resistor; if
it is 3 ‘watts, use a S-watt resistor; if it is 6 watts, use
a 10-watt resistor; and if it is 13 watts, use a 20-watt
resistor. Note that the required wattage is slightly less
than double the calculated value in each case. Thus
we see why a 100-per cent factor of safety is considered
a maximum.

. A consideration of moment is the possible tube dam-
age resulting when a resistor burns out. If damage
can result due to an excessive rise in. plate current or
voltage, in the event that a resistor burns out, it is ad-
visable to use a resistor which has a higher wattage
rating than the one being replaced.

If the occasion arises to replace a resistor in one leg
of a balanced circuit, for example, in the plate or grid
circuit of a push-pull stage, it may be necessary to re-
place the resistor in the other leg also so as not to
disturb the balanced condition of the circuit elements.
When a replacement is made in such a case, both re-
sistors should have not only similar ohmic values, but
should be of similar construction and have similar
tolerances and wattage ratings as well.

Fixed Capacitor Substitution

The cardinal factors associated with fixed capacitors
are the capacitance, d-c working voltage, and leakage
resistance. The requirements relative to capacitor
values are so obvious as to require no discussion other
than to mention the equivalence between several ar-
rangements, as shown in Fig. 1-14. Two like-value
capacitors in series produce a resultant which is equal
to one-half the capacitance of either one. Two or more
unlike capacitors in_series are treated the same as re-
sistors in parallel. Capacitors in parallel are additive.

The d-c working voltage corresponds to the peak a-c
voltage which may be applied to the capacitor. Prac-
tically speaking, d-c working voltage ratings are some-
what lower than can actually be applied to the capacitor

T
T

C)Cp
Cy+Cp

_l_‘_'c
_l..

C3+c‘ ‘Cs

_]_f:
T

Fig. 14. Combinations of capacitors which give resultant
capacitances equal to that of a single capacitor are shown here
with the resultant capacitance of each combination listed below it.
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because of the safety factor, but common sense dictates
that operations should be carried on within the limits
set by the rated working voltage. In view of this situa-
tion, care must be exercised against interpreting the
d-c working voltage as being the equivalent of the rms
or effective value of a-c voltage; if this is done, the
probability exists that the peak a-c voltage in the circuit
will puncture the capacitor. The correspondence be-
tween these different values of voltage is as follows
D-C Working Voltage = Peak A-C Voltage =
1.414 X RMS Voltage.
If by error the rms voltage in a circuit equals the d-c
working voltage rating of the capacitors, the peak a-c
voltage in those circuits (exclusive of surges) will be
1.414 times higher. If any question.arises concerning
the rms voltage and the d-c working voltage of a
capacitor in a circuit, the rms voltage which is usable
may be found from the following equation ‘
RMS Voltage = D-C Working Voltage X 0.707.

This is an important consideration in rectifier sys-
tems and wherever both a-c and d-c voltages are in-
volved. The input capacitors in capacitance input filter
systems should have a d-c working voltage rating
which is somewhat higher than the peak voltage avail-
able from the plate winding of the power transformer.
This will take into account possible surges which may
occur. It is well to bear in mind that repeated failure
of capacitors at one point in a system is proof of an
insufficient voltage safety factor in the selection of the
voltage rating. This is especiaily true when a substi-
tuted rectifier is of the filament type, whereas tubes
which receive their voltage from the rectifier are of
the heater type. In-such cases, high voltages will pre-
vail in the rectifier during the time required for the
load tubes to reach the conducting state.

If parallel or series capacitor combinations are used
as replacement for a single ‘capacitor, care must be
taken that the d-c working voltage across each part of
the combination is its rated one. For example, if two
capacitors are in series the voltage across each should
be inversely proportional to their capacitances and to-
gether should equal the total voltage across them. When
the combination is a parallel one, the same d-c working
voltage will appear across each capacitor.

The d-c leakage in fixed capacitors is an important
item in connection with substitution. For example,
capacitors which are interided to isolate one point from
another relative to d.c. should have low leakage, which
means high insulation resistance. High leakage in
coupling capacitors can very materially influence the
bias on the grid of the tube connected to the resistor
and adversely affect the performance of that tube. In
this connection, electrolytic capacitors have the highest
leakage, paper dielectric capacitors are lower, and
mica or ceramic capacitors have the lowest leakage.
Vacuum capacitors are, of course, ideal but their use
is limited mostly to high-voltage points in transmitters
and similar equipment.
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When working in high-frequency circuits, the sub-
stitution should, if at all possible, be a duplicate of the
capacitor heing replaced, which in many cases will be
a ceramic capacitor. If it is not available, then a
mica is the next hest choice.

As a means of conserving space, some ceramic capac-
itors are dual units, that is, the same housing includes
a resistor (possibly more than one) which is associated
with the operation of the device. Sometimes two such
capacitors and a resistor, forming a complete load
assembly, may Dbe in one unit. These should be re-
placed as a unit, but in an emergency, a substitute
may be used for only that part of the assembly which
has failed. Note: an examination of a circuit may dis-
close more components than are present physically;
some of these “missing” elements may be included in
dual units.

I-F Transformer Substitution

The replacement of i-f transformers is determined
by circuit location and circuit constants. The location
.determines whether it falls within the category of an
“input,” “interstage,” or an ‘‘output” transformer.
These identifications are found in service notes and
parts catalogs. With the exception . of receivers which
contain only a single stage of i-f amplification, all
superheterodynes make use of the aforementioned
three general types of transformers. The input and
interstage kinds may be interchangable but the output
transformer, which feeds a diode demodulator, is of a
special design. Therefore, when it is necessary to
replace the i-f transformer which feeds the signal to
the diode demodulator, every effort should be made
to secure a replacement which has been designed to
perform that function.

Substantial differences may be found in the numer-
ous varieties of i-f transformers which are employed
by receiver manufacturers. Replacement of identical
units is possible only by procuring the part from facili-
ties related to the original receiver manufacturer, How-
ever, general replacement i-f transformers are suitable
substitutes if the proper precautions are exercised when
the substitution is made. For example, some i-f trans-
formers used in combination a-m—f-m receivers are
of the dual-frequency variety, that is, two different
transformers contained in the same can. In other
cases, trimmers, or filter elements related to the stage
are contained in the same can with the transformers.
Examples of these two are shown in Figs. 1-15(A)
and (B).

The replacement of such devices by substitutes in-
volves consideration of all of the factors involved.
Two individual i-f transformers, an a-m and a separate
f-m unit, may be connected externally to form the
equivalent of the original shown in Fig. 1-15(A).
However, if the original contains additional elements
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such as resistors and filter capacitors, these must be
added in the substitution. The same is true of the
replacements for either a-m or f-m transformers which
contain special elements. We are referring particularly
to units in which the trimmer capacitor is a combina-
tion element, part of it being used in the grid filter
system of that stage. This may not become evident in
a casual inspection of the device or the schematic, for
the symbols representing the filter resistors and capa-
citors are not necessarily shown as a part of the trim-
mer. This calls for a careful examination of the
transformer and the filter circuits. If the transformer
is removed and with it all of the filter elements, then
a substitution must consist of a corresponding number
of units.

TO PLATE

TO
PLATE

T0
SCREEN
AND B+

ME

Yo voLv
CONTROL CIRCUIT

Fig. 1-15. (A) An i-f transformer of the dual-frequency va-
riety found in a-m — f-m receivers. The a-m and f-m wind-
ings of the i-f transformer are in series and are contained in
the same can; in (B) is shown a unit which contains, besides
the i-f transformer, the filter capacitors and trimmers used
in the associated circuit.

Relative to the general requirements of i-f trans-
formers, those designed for use with pentodes will
serve with any pentode or tetrode. The specific elec-
trical characteristics of all pentode or tetrode i-f ampli-
fiers are not alike, but the differences in i-f transformer
performance due to this variable will not be significant
if all other requirements are satisfied.

The intermediate frequency is another controlling
factor in the selection of a substitute i-f transformer.
Several broad categories exist, those used in a-m
receivers, those in f-m receivers, and those in televi-
sion receivers. In each group, the bandwidth require-
ment is pertinent to the selection of the replacement
as is the specific intermediate frequency. Reference
to the service data on the receiver is essential; the
intermediate frequency used in a receiver does not dis-
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close the specific bandwidth conditions in the i-f trans-
formers. In some cases, all transformers are relatively
broadband, being closely coupled. In other instances,
the over-all broadbanding is accomplished by stagger-
ing the i-f peaks in the individual stages.

Concerning the center frequency, i-f transformers
- intended for a-m receivers have been standardized to
four center frequencies, 130 kc, 175 ke, 262 kc, and
455 ke. From this point on, different types produced
by different manufacturers afford different over-all
frequency coverage. These vary from a low of about
5 per cent to a high of 40 per cent of the center fre-
quency. For example, one manufacturer may produce
an i-f transformer with a center frequency of 455 kc
and an over-all tuning range of 50 kc, which is the

equivalent of 25 kc each side of the rated center fre-

quency. Some other manufacturer may design his
transformers so that the over-all tuning range may be
200 kc, equal to about 40 per cent of the center fre-
quency.

As a rule, the higher the center frequency, the wider

_is the over-all tuning range, but all makes of i-f trans-

formers of like center frequency do not afford like
frequency coverage. In other words, the selection of
a transformer demands recognition of the bandwith
requirements of the stage wherein it is to be used.
Attention must also be paid to the tuning range of
a unit if the intermediate frequency in the re-
ceiver is not the same as the center frequency of the
transformer.

Concerning dual i-f transformers (a-m and f-m),
the generally standardized frequencies found in the i-f
systems of such receivers preclude any problems other
than the one we referred to earlier, that is, to be cer-
tain that all of the filter components which exist inside
of the original receiver manufacturer’s unit appear in
the receiver after the replacement has been made.

Up to this point we have neglected the factor of space
relative to i-f transformer substitution. It can well be
a problem. If the substitution is a transformer for a
transformer, that is, single band for single band, it is
not too difficult even if the substitute is larger than the
original (which seldom is the case). If a dual band
(single can) transformer must be replaced by two
individual ‘transformers, however, we have a problem.
It is possible to find i-f transformers which are smaller
than the usual variety. It takes effort to select the ones
needed because several factors must be taken into
account, but it can be done.

Power-Transformer Substitutions

The physical size and the electrical ratings are two
dominant factors in such substitutions. The limitations
caused by size are so obvious as to require no elabora-
tion. Concerning electrical ratings, the first essential
is that the transformer afford the same over-all capabili-

ties as the original, that is, its windings should be equal
in number to that of the original so as to duplicate the
functions of the original. This statement is.subject to
some slight qualifications which will appear when we
discuss the filament windings, but in general, it can be
said that the maximum convenience in substitution is
attained if the substitute has at least as many different
windings of like electrical rating as the original.

So far as physical characteristics are concerned, if
the original transformer is shielded completely, the sub-
stitution unit should be likewise. If the original employs
vertical shield mounting, so should the substitute; if
the original has horizontal shield mounting, the replace-

~ ment should duplicate it. Such attention to shielding
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will result in freedom from field troubles. Open-core
transformers can cause trouble if located close to grid
and plate wiring. If they must be used because the
exact replacement is not available, the possibility of
hum troubles must be recognized.

Each winding bears a voltage and a current rating
with supplementary identification concerning the center
tap. Although a center tap can be arranged by means
of a center-tapped resistor connected across an un-
tapped winding, it is preferable if the tap is a part of
the winding. A suitable value for a resistor to be used
for a center tap is 100 ohms.

Increasing Heater Voltage Rating. Although it is
best if the filament windings on the transformer are
the same in number and rating as the original, it is
very possible that such replacements will not be avail-
able. In that event, the following information will be
useful. Filament windings when connected in series
furnishes a resultant voltage which is the sum of the
voltage ratings of the individual windings. A 2.5-volt
winding in series with another of 5.0 volts will be the
equivalent of a voltage source rated at 7.5 volts. Care
must be exercised to see that the two windings are
connected with the windings aiding each other. An a-c
voltmeter connected across the combined windings will
indicate if they are aiding or bucking. The current
rating of a series winding of this kind is limited to the
lower of the two ratings of the individual windings.

For example, if two 6.3-volt windings, each rated
at 1.2 amperes are connected in series aiding, the volt-
age rating of the two windings is 12.6 volts at 1.2
amperes. If one of these is rated at 0.9 ampere and
the other at 1.5 amperes, the current output of the
series winding would be limiied to 0.9 ampere.

Increasing Heater Current Rating. Windings may
be connected in parallel so as to increase the current
output rating, provided that each of the windings con-
nected in parallel is rated at the same value of voltage.
The current ratings need not be the same; the total
current output will be the sum of the two individual
current ratings. Care must be exercised to see that the
two windings are connected in proper phase, otherwise
they will buck each other. An a-c voltmeter connected
across one winding while the other is being connected
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in parallel will show whether the phase is correct. If
the voltage is reduced, they are bucking.

Relative to the center-tap connection, if two like
voltage windings are connected in series, the junction
between them can serve as the center tap; individual
center taps on the two windings being disregarded. If
two unlike voltage windings are connected in series, the
midpoint of a 100-ohm resistor, shunted across the
combined windings, can be used as the center tap.

If two windings are connected in parallel and each
of them has a center tap, the two center taps may be
connected together to serve as the combined center-tap
connection. If only one of two windings in parallel
has a center tap, it cannot be used as the center tap to
serve hoth windings, a 100-ohm center-tapped resistor
should be connected across the untapped winding and
its midpoint joined to the other-center tap, at which
point the common connection can be made.

Substitute Heater Windings. - 1f the replacement
transformer does not contain all the required heater
windings, a supplementary filament transformer, ca-
pable of furnishing the required voltage and current,
can be used apart from the regu]ar power transformer.
Its primary should be connected in parallel with the
other transformer.

Half-wave rectifier heater windings do not require
center taps. Either end of the winding will serve as
the positive output lead with a filament-type tube.
Full-wave rectifiers should employ center-tapped heater
windings even if the rectifiers are of the cathode type.

Heater-Winding Insulation

As a rule, the voltage breakdown requirements of
most heater windings which are a part of the power
transformer can be satisfied by a rating of about 2,000

volts since the highest voltage in the system is far less’

than this amount. In cathode-ray equipment and other
systems, it is possible that the cathode may be as much
as 4,000 volts above ground and, since it is connected
to the center tap of the heater winding, the latter is
also above ground by the corresponding amount. This
demands that the heater voltage winding be so insulated
as to withstand this difference of potential. Sometimes
(although very seldom), this requirement may be
stated in the specifications. If it is not, it-becomes the
province of the technician to decide the voltage break-
down requirements of the heater winding.

Rectifier Plate Windings

The conditions surrounding the selection of a sub-
stitute power transformer relative to the plate winding
are varied, so -much so, that it becomes necessary to
examine several approaches to the subject. To begin
with, the constants of a power transformer utilized in
a receiver (or some other kind of equipment) may not
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be fully identified in service literature; a part number
always is given, and sometimes, the current and voltage
ratings of the heater windings are stated on the manu-
facturer's schematic. If this data is not given, the
number required and the current rating of each become
evident when reference is made to the schematic wiring
diagram of the equipment in which the substitution is
to be made. It discloses the number of heater or fila-
ment chains, and the voltage and current requirements
of each. Summation of these indicates the minimum
current ratings of the heater windings. The constants
of the plate winding, however, are generally omitted.
This means that some way must be found to ascertain
the requirements of the plate winding so a proper sub-
stitute,can be found in the event that an exact replace-
ment from the original equipment manufacturer is not
available.

The type of rectifiers and their ratings indicates the
maximum voltage and current requirements of the
plate winding. Seldom, if ever, are these tubes operated
very close to their maximum ratings. Therefore, by
noting the limits indicated in the tube characteristic
chart, and the practical voltages being applied to the
tubes in the system under consideration, it is possible
to arrive at the voltage and current ratings of the plate
wmdmg Whether it should be a full-wave winding,
that is, center tapped, or a half-wave winding is indi-
cated in the schematic of the equipment and by the
organization of the rectifier system as a whole. But it
is conceivable that there still may arise problems in
estabhshmg the voltage rating of the plate winding in
view of the conditions experienced in choke- and
capacxtor input filter systems, and because of the
manner in which the parts catalogs describe the capa-
bilities of the plate windings of power transformers.
Generalizing, we can state that when the input of the
power-supply filter system is. capacitive, the voltage
rating of each half of the power-supply plate winding
in a full-wave system can be as much as 10 to 15 per
cent lower than the d-c voltage output of the rectifier
at the prescribed value of d-c load. This stems from
the fact that the input filter capacitance can be charged
to approximately the peak value of the a-c voltage
applied to the rectifier tubes. Some parts catalogs state
the voltage and current ratings based on full-wave
operation of the rectifier with capacitance input,
whereas many others show the a-c voltage across each
half of the plate winding at certain d-c values in terms
of choke input. This is a cause of confusion; in one
case, the a-c voltage between the center tap and the
extremes of the plate winding is less than the d-c
voltage output from the rectifier by as much as 8 to 10
per cent, whereas in the other case, the a-c voltage
rating of the plate winding may be'as much as 10 to 15
per cent higher than the d-c voltage output from the
rectifier.

What can be used as a guide in determining the basic
requirements of the plate winding? The original
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schematic of the equipment should be the first source
of information, especially when it is supplemented by
a voltage chart which indicates the voltages being sup-
plied by the power supply. If the plate-current require-
ments of the tubes are not shown in the voltage chart,
a reasonable approximation of these current values can
be developed from the tube characteristic charts con-
tained herein. Then, allowing for a 10 per cent voltage
drop in the filter system of the power supply and per-
haps a loss of about 5 per cent of the total output cur-
rent through the bleeder connected across the power
supply, one can arrive at the total current load re-
quirements of the system and the maximum a-c voltage
required between the center tap and the extremes af
the full-wave plate winding.

These data are naturally subject to variations, but
the approach we have described is not too far off the
path which must be followed. At least it suggests a
way to gather the necessary information.

It may appear, because of the large number of com-
mercial models, that receivers and amplifiers are dis-
tinctive in their general requirements. Such is not the
case, for all fall into certain groupings and reflect cer-
tain general design considerations. It would be foolish
to deny that such circuits as shown in Rider Manuals
can serve as the guide for substitution requirements.
So far as tube heater and signal electrode voltages and
currents are concerned, there isn’t much difference be-
tween the five- or six-tube table models produced by
different manufacturers. Individuality appears in the
number of tubes, the specific designs of the trans-
formers, the combination of functions and the like,
but these play very little part in establishing the re-
quirements of a power supply.

Cathode-Ray-Tube Substitutions

Cathode-ray-tube substitutions are more involved
than ordinary receiving tube substitutions, if for no
other reason than that the physical dimensions of the
various cathode-ray tubes differ, and the replacement
of one by another may require substantial physical
changes in the cabinet. Nevertheless, substitutions are
possible and the following are offered as suggestions.
They are to be used in conjunction with the cathode-
ray-tube specifications contained in this Guide Book.

1. All picture tube phosphors must be number 4.
This is the last digit in the tube type number.

2. Wholly electrostatically operated picture tiibes
must be replaced with similar tubes. Since these are
restricted in screen size, replacement for 7- and 10-inch
electrostatically deflected and focused picture tubes are
very limited.

3. Tubes which employ magnetic deflection and elec-
trostatic focusing have no substitutes among either’
completely electrostatic or magnetic types. The reverse
is, of course, also true, a combination magnetic-deflec-
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FOCUS COIL CURRENT RATINGS FOR MAGNETIC
TYPE CATHODE-RAY TUBES

Focus Focus Focus
Coil Coil Coil
C-R Current C-R  Current C-R - Current
Tube (Ma) Tube (Ma) Tube (Ma)
10BP4 132 14CP4 115+ 16MP4 } 110
10BP4A 14DP4 104 16MP4A
10CP4 -——- 14FP4 115% 16QP4 125%
10DP4 -—- 15AP4 159 16RP4 100%
10EP4 132 15CP4 133 16SP4 } 110
10F P4 115 15DP4 140 16SP4A
10MP4 } -—- 16AP4 89 16TP4 115*
10MP4A 16AP4A 16UP4 100%*
12JP4 158 16CP4 110 16VP4 110%*
12KP4 140 16DP4 } 115% 16WP4 110%
12KP4A 16DP4A 16XP4 100%*
12LP4 } 114 16EP4 } 105 16YP4 100*
12LP4A 16EP4A 17AP4 115%
12QP4 } 148 . 16FP4 140 19AP4 } 140
12QP4A 16GP4 100* 19AP4A
12RP4 148 16HP4 } 110 19DP4 } 140
12TP4 114 16HP4A 19DP4A
12UP4 } 114 16JP4 } 120 19EP4 140*
12UP4A 16JP4A 19FP4 97-126%
12VP4 } -=- 16KP4 97+ 19GP4 107-126*
12VP4A 16LP4 } 110 20BP4 122
14BP4 115 16LP4A 22AP4 108%
22AP4A

* Types employ RTMA Focus Coil #109, all others RTMA focus
focus coil #106.
: Courtesy DuMont Labs

tion and electrostatic-focusing type tube cannot be a
replacement for either an electrostatically or mag-
netically deflected and focused picture tube. Since the
7DP4, 9AP4, 10DP4, and 12AP4 are tubes of this
type, they have no replacements except each other.

4. Picture tubes differ in the focusing coil currents,
consequently, in some instances the focusing coil for
the substitute tube may require more current than for
the original. . This necessitates modification of the
focusing current supply system. Conversely, some
substitute tubes may require less current through the
focusing coil than the original, in which case a resistor
shunted across the coil will serve the purpose. This
current shunt can be calculated using the d-c resistance
of the focusing coil and the value of the current, just
as in the case of heater current shunts. A variable
resistance, 2,500-15,000 ohms, shunted across the coil
can be used to detérmine the value for the fixed resist-
ance shunt. The accompanying table lists the focusing-
coil currents for the different magnetic-type cathode-
ray tubes.

5. Replacing outside coated tubes with metal-cone
types (or the reverse) requires care concerning the
connection to the coating or the metal cone. The coat-
ing usually is connected to ground, whereas the metal
cone- usually is connected to a high voltage. The
original receiver manufacturer’s service notes must be
consulted.

6. When a large tube is replaced by a smaller one,
the characteristics of the substitute should be deter-
mined by reference to the characteristic chart; if the
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conditions in the receiver exceed the maximum voltage
ratings of the tube, these must be reduced in order to
employ the substitute. Usually, those operations are
too complicated for the average technician; such sub-
stitutions are not recommended.

7. All picture tubes do not utilize like tube basing.
See the cathode-ray-tube basing chart in Section 3.

8. Bear in mind that the ion-trap magnets in mag-
netically focussed picture tubes are not all alike, some
call for a single magnet, others for dual magnets; check
the cathode-ray-tube characteristics in Section 5.

9. If tube characteristics indicate that the original
tube has an external coating furnishing a certain
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amount of capacitance and the substitute tube does not,
a corresponding value of capacitance should be added
to the high-voltage power supply at the high-voltage
output terminal. This capacitor must have the appro-
priate d-¢ working voltage rating.

10. If the ion-trap magnet for the original tube is
of the electromagnetic type (coil) and the substitute
utilizes a permanent magnet, the coil unit may be left
intact (placed in a recess of the cabinet), or it may be
replaced by an equivalent resistance of suitable wattage
rating located as closely as possible to the power sup-
ply. It should not be disconnected without substituting .
the equivalent resistance into the current supply circuit. -
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APPLICATION HEATER VOLTAGES 150 MILLIAMPERE | 300 MILLIAMPERE
1.4 20 25 6.3 12.6 HEATER CURRENT | HEATER CURRENT
26 1H4G 27 6AD4  TA4 XXL 14A4 6AD4 A4
957° 30 56 6C4 3 6C4 37
TRIODES 958° 8stt A 76 958 76
6Ke 95§ 9002
6Né 9002
3B7/1291 3B7/12918 | 6AHIGT 7F8 12AHIGT __ 19J6s8 | 12AHIGT __ 19J6 GAHIGT  12AT7
6J6 12AT7 12AT7 1AF7
DOUBLE TRIODES 7AF7 MAF7/XXD | 14AF7/XXD F1
7 14F7 14F7 7F8
1A4T 2% 36 36
8| rerropEs :g;‘.ff. 3
: r
2 1ABS** | 1A¢P 3E6H 6AGS  6K7 6UTG 9% | 12AU6 14H7 | 6BAS 12SG7 6AUG 6SHIGT
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o2 1ADS 1DSGP | s8 6AKS  6KIGT 17A7 9001 12BA6 6BJ6 12SHIGT | 6BD6 6SJ7GT
o L4 1ESGP 6AU6 657 JAB7  9003| 12BD6 6s7 128)7 6C6 6SK7
3 9 1LCS 15 6BAS 651G 7AD? 12B7 687G 12S]7GT | D6 6SKIGT
z ILNS 3 6BA6  6SDIGT 7AG? 12J7GT 6587 125K7 6E7 6U7G
<O INSGT 6BCS = 6SGI  1AJ7 12K7GT 6SSIGT 12SK7GT | )7 7A7
N 1PSG 6BD6  6SGIGT 1B 12SG7 6WIG - 14A7/12B7 | 6J7G IAG?
: PENTODES 1PSGT 6BH6  6SH?  1C7 12SH7 IAB7 - 14C7 6JIGT  1A]?
- F 1SA6GT 6BJ6  GSHIGT 1G7 12SHIGT 787 14H7 6K7 TH7
g 1T4 6C6 6S)7 TH? 1287 1C7 954 6K1G L7
104 6CB6  6SJIGT 7L7 128J7GT 12AU6 956 6KIGT  39/44
1Wse 6D6  6SK7 V1 125K7 12AW6 9001 6SDIGT 17
3E6 6E7 6SKIGT  39/44 12SK7GT 12B7 9003 6SG7 18
959° 6J7 6ss7 71 14A7/12B7 12BA6 : 6SGIGT
6J1G  6SSIGT 18 14C7 12BD6 6SH7
6)JIGT 12J7GT
12K7GT
x| TRIODES 6AB4 6AB4
g DOUBLE TRIODES 6J6 12AT7 12AT? 19688 | 12AT7 19J6 12AT7
S 6AB7  GAKS = G6BHG6 12AU6 6BH6 6AGS
ul 6ACT  6AU6  6CB6 12AU6 6AU6
E PENTODES 6AGS  6BCS 6BCS
6CB6
e 1asvV. o 12V t 30v. s 28V. $5 189V.

Courtesy TUNG-SOL Lamp Works, Inc.
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FUNCTIONAL CLASSIFICATION OF TUBES

APPLICATION HEATER VOLTAGES 150 MILLIAMPERE 300 MILLIAMPERE
1.4 2.0 25 5.0 6.3 12.6 HEATER CURRENT HEATER CURRENT
1C3 1HeG | 27 01A | 6AESGT 6J5 7A4 | 12E5GT 6LSG 6AESGT  6FSGT 6SFSGT
1IE4G | 30 56 6ADSG 6J5GT 7B4 | 12FSGT 12ESGT 6AFSG 6Js TA4
1G4GT 4854t 6AFSG 6KSG 3 12JSGT 12F5GT 6ADSG 6]J5GT 7B4
1LE3 6CS 6KSGT 56 12SF$ 12JSGT 6CS 6KSG 37
TRIODES 26 6CSGT 6L5G 758 | 12SFSGT 12SFs 6CSGT 6KSGT  s6
6FS 6PSGT 76 4A¢ . 12SF5GT 6FS 6PSGT 758
6FSG 6SFS 14A4 6FSG 6SFS 3
6FSGT 6SFSGT
3 6A6 6SLIGT 12AU7 14F7 | 12AU7 6C8G 12AY7
6AEIGT 6SN7GT 12AX7 12AX7 65C7 12SN7GT
6C8G 6Y1G 12AY7 12AY7 6SLIGT
6F8G 621G 125C7 125C7 621G
2 6N7 TAF7 12SLIGT 12SLIGT 1F7
@) | DOUBLE TRIODES 6N7G TF7 12SN7GT 14AF7 12AU7
- 65C7 12AU7" 14AF7 14F7 12AX7
o2 6SCIGT 12AX7
3 12AY7
< 79
: TETRODES 32 24 36 36
1L4 1B4P | S7 6AUG 6SH7 7ES | 12AU6 6BH6 12SJ7GT | 6AU6 L7
1LGS 1ESGP 6BAS - 6SHIGT  7G7 | 12JIGT 6WIG 14C7 6C6 1T7
1U¢ 15 6BH6 6SJ7 L7 | 12SH7 TAGT 954 6J7 W7
959 6C6 6SJIGT  7T7 | 12SHIGT TAH7 956 6J1G 7
6J7 6W6GT  1v1 | 12517 7CY 9001 6JIGT
6J1G 6WIG w1 | 1sprGT 71ES 9003 6R6G
PENTODES 6JIGT 7AB7 7 CT 12AU6 65G7
6R6G TAG? 717A | 14v7 12J7GT 6SGIGT
65G7 TAHT 954 12SH7 6SH7
6SGIGT 1CT 956 12SHIGT 6SHIGT
9001 125)7 6SJ7
9003 6SJIGT
2ES 6ABS/6NS 6ALIGT 6ES
" 2GS 6AD6G 6GS
3 6AF6G 6TS
6ALIGT US/6G.
: TUNING INDICATORS 6ES 6US/6GS
v 6GS
a 6TS
z 6US/6GS
INDICATOR CONTROL _ 6AE6G 6AE6G
tt 30V. ¢ 125 V.

Courtesy
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FUNCTIONAL CLASSIFICATION OF

TUBES
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150 MILLI- 300 MILLI-
APPLICATION HEATER VOLTAGES AMPERE AMPERE
1.4 20| 25 |s0 6.3 126 | 189 | 95 5 | so HEATER HEATER
! CURRENT CURRENT
1H4G | 2A3 O1A | 6A3_ SOf 2SACSGT 2SACSGT
30 | 4s 124 | 6AsG
TRIODES 31 71A | 6ACSGT
183 | 6B4G
6C4
1G6GT D 6A6 _ 6YIG 6Z1G
3C6/XXB 1 3Ce/ 6ASIG 621G
DOUBLE TRIODES XXBs 6Es 19
6NIGT
TETRODES © |46 6AL6G
IASGT 3LE4 |1F4_ | 2AS 257 | 6AG/LA 6R6G | 12AS 25A6 6AK6 6A4/LA
1ACS  3LF4 |[1FSG | 3A4s G7 1BS 2SA6GT 6G6G 12A5
ICSGT 3V4  |1GSG | 3CSGTs 6AK6 38 25B6G 25A6
2 iae 36CT|HC | 60t eHE rnec”
" PENTODES 154 o0 | 3% 6F6 38
: -4 1Vse 3Vis 6F6G ]
1Wa ] 6F6GT
I~ 3A¢ 9
= 3D6 6K6GT
g 105G 3BSGTs 6AHSG 6VSGT |12A6 25C6G | 3SL6GT | S0AS | 12A6  SOL6GT 25C6G
10SGT 3LF4s 6AGs ™ 6ve  |12AGGT 25L6 . {35AS  |50BS |12A6GT 25L6
1TSGT 3Q5GT$ GAR6  6V6GT |14AS 2SL6GT |3sBS |socs | 14as 2SL6GT
3BSGT 6ASS  6WG6GT |14CS 35CS | S0C6G |3sAs
BEAM PENTODES 3LF4 6L6  6Y6G |1628 S0L6GT | 35CS
30 6L6G  1AS 35C6GT
6L6GA 7CS S0BS
2 6U6GT 50CS
50C6G
DOUBLE PENTODES 1E1G 12L8GT 12L8GT
6ABGG__ 6BS 25BS 25BS
DIRECT COUPLED 6AC6GT 6N6G 2SN6GT 25N6G
2 6AUSGT 6BQ6GT 19BG6G| 25BQ6GT BG6G
19
BEAM PENTODES 6AVSGT 6C 2SBQ6GT
6BG6G
6ARS 12AU7 12AU7
E 12AU7
g 38 | TrRIODES OR KeGT 15NIGT 12SN7GT
= TRIODE CONNECTED 6SNIGT
PENTODES 6W6GT
12AU7
" * 125 V. s 28V. t 1SV, '

0

Courtesy TUNG-SOL Lamp Works, Inc.
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FUNCTIONAL CLASSIFICATION OF TUBES

APPLICATION HEATER VOLTAGES 150 MILLIAMPERE| 300 MILLIAMPERE
PPL 1.4 20 25 6.3 12.6 25 35 70 117 |HEATER CURRENT| HEATER CURRENT
GATED BEAM 6BN6 12BN6 12BN6 6BN6
DEFLECTION
1HSG 6Q6G 6Q6G
DIODE TRIODES 1HSGT
1LH4
1BS/28S| 2A6 Al 6C7  6SRIGT|12AT6 12SRIGT 6A! 12BU6 6AQIGT 6Q1G  7B6
1H6G |SS 6AQIGT 6Q7 6ST7 |12AV6  12SW7 6ST7 1201GT | 6AT6 2§7G‘l‘ 1E6
AT6 1G 6527 12BF6  14B6 6SZ7 125Q7 6AV6  6R7  TK7
6AV6 7GT 6TIG |12BK6 14E6 6T7G 12SQ7GT | 6AWIGT 6R7G  71X7
DOUBLE-DIODE 6AWIGT 6R7  6VIG (12BT6  14X7 1C6 12SR7 6BF6  6RIGT 7S
TRIODES 6B 6R7G  7B6 75|12BU6 12AT6 12SR7GT | 6BK6 7
6BF6 6RIGT 7C6 85|12Q07GT 12AV6 12SW7 6BT6 1GT
6BK6 7 1E6 125Q7 12BF6 14B6 6BU6  6SR7
6BT6 7GT K7 12SQ7GT 12BK6 14E6 6C7 6SR7G
6BU6 6SR7 7X7 12SR7 12BT6 14X7 6Q7 6VIG
ﬁ TRIPLE-DIODE 6R8 6T8 {12s8GT 19T88 8 12S8GT 6S8GT
E TRIODES 6S8GT 19T8
1LDS F7 12SFIGT 12SFIGT 6SF7
106° 6SFIGT %]
DIODE PENTODES 1 6SV7
1SB6GT
1T6*
z 1Us
| DIODE POWER 1N6G
fi PENTODES IN6GT
5 1F6 2B7 6B7 6B8GT 12C8 12C8 6B7 6B8GT
3 BLE-DIODE IF1G 6B8 7E7 14E7 M4E7 6B8 1E7
ENTODES 1FIGH 6B8G  7R7 14R7 14R7 6B8G  7R7
6ADIG 6F1G 12B8GT 2SB8GT 25B8GT 6F7 6P1G
TRIODE PENTODES 6F7 6P1G 6F1G  12BSGT
1BS8GT 3ASGTS 25DSGT 25D8GT
DIODE TRIODE 1DSGT
PENTODES 3A8GT
HALF-WAVE ) 12A7 2SAIGT 12A7
RECTIFIERS 25A7GT
POWER PENTODES
HALF-WAVE 32L7GT*{10A7GT|117L7/ | 70A7GT 32LIGT
REC’I’IFIER%) DES T0LIGT llbggq(‘;‘(l;_r T0L7GT
PEN
BEAM 117PIGT
* 125 V. s 28V. g5 189 V. * 25V

30IND NOWLNLILSENS 39NL ONIAIIDIY
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RECEIVING TUBE SUBSTITUTION GUIDE
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FUNCTIONAL CLASSIFICATION

OF TUBES

HEATER VOLTAGES

150 MILLIAMPERE

300 MILLIAMPERE

ICAT
APPLICATION COLD CATHODE| 1.4 2.5 5.0 6.3 12.6 95 |HEATER CURRENT | HEATER CURRENT
1BIGT | 2ViG
> J 1X2 2X2
D |85 |DIODES 1v2 2X2/879
= 32 1Y2 879
v 122
<
> ac
x |28
© |£8 | pouBLE DIODES 6ALS 12ALS 12ALS 6ALS
- = .
w T a
&l | o SV4G 6UAGT 2SW4GT 2SWAGT
= 5 ;g DIODES 6W4GT
§ @ |89 | DIODE CONNECTED 6ASIG 6ASTG
2 5
-d 3
@ |82 |pousLE pioDE 6ALS 12ALS 12ALS 6ALS
(Y]
o
EIEH o4
27| E5 [PIOPES 0Y4G
i
x
wa oy 0z4 82
ag £ [pousLE DIODE oG o
0A2
- s 0A3/VR-7S
25 GLOW DISCHARGE 0B2
for} 3 DIODE 0B3/VR-90
=3+ 0C3/VR-105
= 0D3/VR-150
1c21 2A4G 6D4
2B4 605G
- GAS TRIODE 24 884
2 § 885
=> 2D21
r 4 1
ou GAS TETRODES 2050
v 2051
RELAY TUBE 0AS

Courtesy TUNG-SOL Lamp Works, Inc.
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SECTION 2

RECEIVING TUBE SUBSTITUTION GUIDE

This section includes the actual information on the
tube substitutions. Four columns are included. The
first column lists the tube type for which a substitute
is desired. This listing is in numerical and alphabetical
order. For example 6CB6 precedes 6CD6 and 6ZY5
precedes 7A4. We have not indicated any difference
between metal and glass tubes of the octal type. The
tube listed can thus be considered either as metal or a
glass type. The letters G, GT, GT/G, GA, or GP in-
dicates that the tube has a glass envelope, the GT and
GT/G are smaller and newer versions of the G type.
The glass tubes, in practically all cases, have the same
characteristics as the metal types.

One of the primary differences hetween the glass
and metal tubes is that the metal type usually have an
internal shield. A pin at the base of these tubes is con-
nected to this shield. In most cases this pin is wired
to the common ground or B minus of the set. In a
few cases substituting a glass type for a metal type
causes the circuit to become unbalanced or feedback
occurs due to a lack of proper shielding. Most often
this can be overcome by shielding the tube or realign-
ing the set. .

The second column lists the various possible substi-
tutes. Quite often more than one substitute is listed
for a single tube. In such cases the tube in the first
column is not repeated for each substitute but is listed
only once.

The third column lists the performance of each tube.
Three performance ratings are shown in this list. These
are E for EXCELLENT, ¢ for GOOD, and P for
POOR. They define the suitability of a substitute
predicated upon its electrical characteristics as com-
pared to those of the original and upon the relationship
between the characteristics of the substitute to the
constants of the circuit, which was designed to function
best with the original. The comparison- between the
characteristics of the tubes excludes the filament or
heater voltage and current ratings. It is assumed that
whatever may he the performance characteristics of the
substitute — the filament or heater voltages and cur-
rent are correct, even if it requires certain minor circuit
modifications to accomplish this condition.

Concerning the E, (, and P ratings, it stands to rea-

son that those tubes which bear E (excellent) ratings .

are either the exact equivalents differing perhaps in

30

basing and maybe in filament or heater voltage and
current ratings — or so closely approximate the elec-
trical characteristics of the original as to require no
significant major modifications. All applicable tube
substitutions which might bear an E rating in per-
formance are not shown in the main listing. Some
appear on the addendum pages. These represent last-
minute additions as the result of information received
from television receiver manufacturers and appear at
the end of this section.

Concerning the G (good) rating, it reflects more
than just moderate differences in tube characteristics
between the substitute and the original that is being
replaced. It still means a triode substitute for a triode
original, or a pentode substitute for a pentode original,
and sometimes the conversion of a pentode into a
triode, but the plate (and screen) voltage demands
of the substitute may be higher than that of the original
— or the transconductance or amplification constant of
the substitute may be less than.the original — all of
which means that the circuit demands incorporated in
the equipment design are not being met by the substi-
tute tube. Possibly the plate impedance of the sub-
stitute is higher or lower, reducing the originally
intended over-all amplification ; perhaps a slight amount
of distortion is added to the signal by the substitute.
Yet the substitute may he used even if it is not as
good in performance as the original, for again it is a
matter of continuing the operation of a device.

Those substitutions which bear P (poor) ratings
are used only as a last resort. They represent the ex-
tremes in tube substitution when it is a matter of ac-
complishing a repair job of sorts, rather than none
at all because more appropriate substitutes are not avail-
able. Of course, modifications can be made in the cir-
cuit design and circuit constants so as to accommodate
the tube rated poor, in which case, considerable im-
provement may be accomplished. It must he remem-

bered, of course, that the P rating — or for that
matter, the (7 rating — is not a reflection upon the

capabilities of the tube or the brand. It simply means
that the tube, so designated in the list, was not intended
for use in the type of system for which it is suggested
as a substitute. With proper circuit changes, it might,
as we said before, become a bhetter performing substi-
tute. But whether or not such design changes are
warranted is a matter of individual consideration. As

This Book Is In the Public Domain



RECEIVING TUBE SUBSTITUTION GUIDE

far as circuit modification is concerned, it ‘can-be a
tedious task. Much depends upon comparative refer-
ence data and background knowledge of circuits..Finally

such changes are possible only if the cost is acceptable

to the owner of the equipment.

The fourth or last column lists the circuit changes
that are necessary to make the substitute operate
properly. In many cases no change whatsoever is re-
quired, the original tube is pulled out and the substi-
tute plugged in. Where the reference “parallel circuits
only” or “series circuits only” is found, it refers only
to the type of filament circuit arrangement in which the
substitute tube can be used.

Original and Substitute Sockets

The tube substitution lists contain illustrations of
the original and the substitute tube sockets when the
tube interchange involves a change in sockets. These
are offered as a convenience in wiring. The views are
the bottoms of the sockets and these correspond to the
pin locations on the bottom of the respective tube bases.
The bottom socket view of the original tube will al-
ways be found to the left of the change writeup and
will bear the designation “ORIG.” The bottom socket
view of the substitute tube will always be found to the
right of the change writeup and will bear the designa-
tion “SUB.”

31

The instructions gi’ven between the two illustrations
state the respective socket terminals involved in the
rewiring operation. In view of the necessity for remov-

-ing one socket bhefore mounting the other, it is sug-

gested that as each wire is disconnected from the
original socket, it be labeled with a tiny tag showing
the appropriate socket connection number. These cor-
respond to the pin numbers on the tube base. Then
when being rewired to the new socket, all that is re-
quired is to solder the numbered lead to the terminal
on the socket as stated in the instructions.

Care must be exercised to see that the socket con-
nections are read in accordance with the location of
the key as shown on the pages. In order to attain cor-
respondence between the socket mounted on the chassis
and the instructions, one or the other should be changed
in physical position so that the keys or identifying
terminals are in the same relative position. Another
precautionary note relates to the grid caps. In many
cases capped tubes are replaced by single ended tubes,
and vice-versa. The leads must be properly connected.
Finally in some substitutions the pin numbers on the
original and the substitute are the same, that is, 1 to 1,
2 to 2, 3 to 3 and so on. This is not standard for all the
tubes, nor is it standard for all the pins even if it is
true for some of them in any one substitution. In
other words, the instructions should be read completely.
Nothing should be taken for granted.
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RECEIVING TUBE SUBSTITUTION GUIDE 00A-1A4

TUBE . SUB. PERF. CIRCUIT CHANGES NECESSARY
00A O0l1A E No changes.
) 40 G
01A 00A E No changes.
-00AA E
01B E
0A2 0B2 P Where application is not too critical.
0A3 VRT75 E No changeé.
0A4 1267 E No changes.
0B2 0C3 E Where space permits. Change socket to octal and rewire as follows:
oo " No. 1 on miniature to No. 5 on octal ®@ @©
@ @ 2 to 2 Q
Q@ 9 ® Q@
ORIG. 5 to 5 ®SU
0B3 VR90 E No changes.
0C3 VR105 E No changes.
0B2 E Reverse 0B2 to 0C3 procedure.
0D3 VR150 E No changes.
0Y4 0Y4G E " No changes.
- 0Y4G- 0Y4 E Ground pin No. 1
0Z4 0Y4 G ' No changes.
0Z24A/1003 E
1005/CK1005 E
6X5 E Solder socket terminal No. 2 to chassis. Connect 6V hot lead to No. 7.
‘ Motorolas and some other car radios have fﬂament wired and the 6X5 may
be used without making any changes.
7Y4 - E Change socket to loctal and rewire as follows:
@ No. 3 on octal to No. 3 on loctal ®@ @@
to 6 ® ®
’ to 7 (0)
ORIG . sue. .
Connect No. 8 on loctal to chassis and No. 1 on loctal to 6V hot lead.
84 E Reverse 84 to 6X5 procedure.
0Z4A 0Y4 G No changes.
1005/CK1005 G
1A3 1B4/1294 E Where space permits. Change socket to loctal and rewire as follows:
No. 1 on minijature - to No. 1 on loctal >
(6X46; 2 to 4 O]
@ ¢ 3 to 7 20)%
O @ ALY
oRiG. 6 to 4 ®
7 tO 8 Sus.
1A4 1B4 E No changes.
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1A4-1A7 RECEIVING TUBE: SUBSTITUTION GUIDE

TUBE SUB. PERF. . . - CIRCUIT CHANGES NECESSARY
1A4 1D5 E Change socket to-octal and rewire as follows:
1ES E Ne No. 1 on four prong to No. 2 on octal o
2 to 3 YN
0, © ’ .
: 3 to 4 NOX
o) 4 to 7 Q
ORiG. cap to cap sus.
32 E No changes.
34 E
1A5 1C5 G Parallel circuits only. No changes.
1G4 P No changes. Emergency but works well in most cases.
1LA4 E Change socket to loctal and rewire as follows:
1LB4 E No. 2 on octal to No. 1 on loctal
O\, Q) 4 to 3 @@@
(0O 5 to 6 Q
ORFS. 7 to 8 SuB.
1N6 P Remove and tape up any wires anchored on No. 6.
1Q5 G Parallel circuits only. No changes.
1S4 P Same as 3Q5 to 3S4, except do not connect No. 8 on octal to No. 5 on min-
iature. Parallel circuits only.
1T4 ) P Emergency substitution. Tone OK at low volume. Change socket to min-
iature and rewire as follows:,
No. 2 on octal to No. 1 on miniature
620 3 fo 2 503
o(Jg 4 o3 %
QO 5 to 6 SuB.
ORIG. 7 to- 7
1TS5 G No changes. Filament current 10 mils higher but gives satisfactory results.
3Q4 P Electric operation only. Same as 3Q5 to 3S4, except connect nothing to No.
354 5 on miniature.
3Q5 P No changes necessary. For electric operation only as the A battery will be
’ too low with 1.4 more filament in the circuit.
1A6 1C6 ) E No changes. For parallel operation only as the 1C6 draws 120 mils instead
of 60.
1C17 E Parallel circuits only. Change socket to octal and rewire as follows:
No. 1 on six prong to No. 2 on octal
2 to 3
Q O (CXS)
02, ¢ sO 3 to 6 ® ©
e 4 to 5. Y
ORIG. 5 to 4 su8
6 to 7
1D7 E Same as 1A6 to 1C7. Either series or parallel circuits.
1A7 1B7 E Parallel circuits only. No changes.
1C7 . P Parallel circuits only.

34
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TUBE

1A7

1ABS

1ACS

1AD4

1ADS

SUB.

1D7
1L6

1LA6
1LC6

1R5

1U6

1AD5

1V5
1AD5
1AE4

1ABS

PERF.

oNo]

Q Q0 Q ™

RECEIVING -TUBE -SUBSTITUTION GUIDE , 1A7-1ADS
CIRCUIT CHANGES NECESSARY

No changes;.unless there is a resistor across 1A7 filament, which must be
removed. ID7.is rated 2V 60 mils and draws slightly less than 50 on 1.4.

Same as 1A7 toI'U6.

Change socket to loctal and rewire as follows:

No. 2 on octal to No. .1 on loctal
3 to

4 0)

7

SuB.

to
to
cap to

oUW

Make adaptor as follows: Solder rather heavy wires three inches long to all
lugs except No. 5 of miniature socket. Break the 1A7, clean out the base and
save the cap. Push the wires from miniature socket thru the base pins as
follows:

‘No. 1 on miniature thru No. 2 of base

2 thru 3
3 thru 6
4 thru 5
-7 thru 7

6 bring out and solder grid cap on.

The octal socket could be replaced by a miniature using the above connec-

. tions but it is usually hard to find a place to mount it.

If 1R5 squeals, reduce value of oscillator grid resistor to 75000 ohms or
less if necessary. This resistor is connected between terminal No. 5 on the
the 1A7 socket and ground or filament.

An idea we have been using successfully is to dig a trough from pin No. 5 to
pin No. 7 on the adaptor, filling this with the graphite preparation made for
volume controls, measuring the resistance, and filling the trough until the
desired resxstance is acquired.

Parallel circuits only. Change socket to miniature and rewire as follows:

No. 2 on octal to No. 1 on miniature

N 3 to 2

629 4 to 5 69

5 to 4 @ @

ON /D, Q @

Q[0) 6 to 3
ORIG. 7 to 7
cap to 6

Parallél circuits only. Change socket to subminiature and rewire as
follows:

No. 1 on loctal to No. 4 on subminiature
6Y0) 2 to 7
O/N® 3 to - 8 @® ©©
©) ® 6 to 2 @ ®/°r @OOOO®RO,
Qe 7 to 5 O
ORIG SUs - — RED DOT————~-
8 to 5
No changes.

Parallel circuits only.
Reverse 1AE4 to 1AD4 procedure.

Parallel circuits only. Reverse 1AB5 to 1ADS5 procedure.
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1ADS-187 ' - RECEIVING TUBE SUBSTITUTION GUIDE

TUBE SURB, PERF. CIRCUIT CHANGES NECESSARY

1ADS 1AD4 G Parallel circuits only.
1W5 E No changes.
1AE4 iAD4 G Change socket to subminiature and rewire as follows:
' No. 1 on miniature to No. 5 on 1AD4
2 to 1
0% 3 : to 2
o 6 to 4 RED DOT-
. suB
7 to 3

Pin numbers on 1AD4 number from right to left
from red mark on base, as shown.

1AF4 1AFS P Rewire as follows: i
) . No. 5 to No. 1
. - 2to 5
3 to 4
Do not use terminal No. 3 for anchor

1L4 G No changes. Parallel circuits only.
1T4 G
1U4 G
1AFS 1LD5 P Parallel circuits only. Where space permits. Change socket to loctal and
: rewire as follows::
No. 1 on miniature  to No. .1 on loctal
3 -3 to 4 ®0
AR 4 to 3 @@@
Q 9 5 to 2 O
ORIG. 6 to 6 SUB.
. 7 to 8
185 G Parallel circuits only. No changes.
1B3 1X2 E Reverse 1X2 to 1B3 procedure.
1B4 * 1A4 E No changes.
1D5 E Same as 1A4 to 1D5.
1E5 E
32 E No changes.
34 E
" 1B5 1H6 E Change socket to octal and rewire as follows:
» " No. 1 .nsix prong  to No. 2 on octal
2 to 3
Q o ©0o
o s 3 to 4 ®M\®
°© O\ /O
3o 4 to 5 OXYZ
oRIG. 5 to 6 0B,
6 to 7 "
258 E No changes.
1R 1A7 E Parallel circuits only. No changes.
1L6 G Parallel circuits only. Same as 1A7 to 1U6
1LA6 E Parallel circuits only. Same as 1A7 to 1LASG.
1LC6 E
* S¢# Addendum at back of this section. 36
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RECEIVING ‘TUBE SUBSTITUTION GUIDE - 187-1C2t

TUBE SUB, PERF. CIRCUIT CHANGES NECESSARY
1B7 - 1R5 G Parallel circuits only. Same as 1A7 to 1R5.
1U6 G Parallel circuits only. Same as 1A7 to 1U6.
1B8 1D8 E . No changes.
1C3 1G4 ' G Where space permits. Change socket to octal and rewire as follows:
No. 1 on miniature to No. 2 on octal
oo 2 to 3 @® @©
o : o8 (29
ORIG 6 to 3 @
. . SuB.
7 to 7
1LE3 G Where space permits. ‘Change socket to loctal and rewire as follows:
~ No. 1 on miniature to No. 1 on loctal
o : o 8 0o
ORIG 6 to 2 (D
: SUB.
7 to 8 )
1C5 1A5 G Parallel circuits only. No changes. -
1D8 ) 34 Remove and tape up any wires connected to 6 and 8. No connection to top
' cap.
1LA4 G Same as 1A5 to 1LA4.  Parallel circuits only.
1LB4 G
1Q5 G No changes. Bias different but tone is reasonably good.
154 G Same as 3Q5 to 354, but connect nothing to No. 5 on miniature.
1TS G Parallel circuits no changes. Series circuits shunt 35 ohm resistor across’
filament.
304 P Change socket to miniature and rewire as follows:
354 P No. 2 on octal to No. 5 on miniature
: 629% 3 to 2 ©3
oo ¢ o 4 & o
(OO’ 5 to 3 S08
one: 7 to 1and?7
3Q5 P Same as 1Q5 to 3Q5.
1C6 1A6 G Parallel circuits only. No changes.
1C7 G Same as 1A6 to 1C7. Either series or parallel circuits.
1D7 G Same as 1A6 to 1C7. Parallel circuits only.
1C7 1A6 G Reverse 1A6 to 1C7 procedure. Parallel circuits only.
1C6 E Reverse 1A6 to 1C7 procedure.
1D7 E Parallel circuits only. No changes.
1C8 1AES G Parallel circuits only.
1E8 E No changes.
1C21 ' No practical substitute.
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1D5-1F6:.

RECEIVING TUBE- SUBSTITUTION: GUIDE

TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY
1D5 1A4 E Change socket to four prong and rewire as follows:
1B4 E No. 2 on octal to No. 1 on four prong .
32 E PTON 3 to 2 <
34 E O \® 4 o 3 e ©
e cap to cap P
1E5 G No changes.
1D7 1A6 G Reverse 1A6 to 1C7 procedure.
1C6 E Reverse 1A6 to 1C7 procedure. Parallel circuits only.
1C7 E Parallel circuits only. No changes.
1D8 1B8 E No changes.
1E4 1G4 G No changes.
1H4 P
1LE3 G Change socket to loctal and rewire as follows:
No. 2 on octal to No. 1 on loctal Yo
3 to 2 /ARG
5 to 6 O
7 to 8 ET S
30 P Change socket to four prong and rewire as follows:
No. 2 on octal to No.. 1 on four prong
@@ @ 3 : to 2 ) 0, ©
eo 5 ~ to 3 .
0@ 7 to 4 Q O
ORIG. sus
1E5 ™ 1D5 G No changes.
1A4 P Change socket to four prong and rewire as follows:
1B4 P No. 2 on octal to No. 1 on four prong .
32 P 3 to 2 0, 0
34 P 4 , to 3 *
951 P cap to cap Qo ‘0
e,
1E7 No practical substitute.
1E8 ics E  No changes.
1F4 1F5 " E Change socket to octal and rewire as follows:
No. 1 on five prong to No. 2 on octal
® 2 to 3
€] ® 4 . to 4
BENOJ©) 3 to 5
ORIG. 5 tO 7
1F5 1F4 E Reverse 1F¥4 to 1F5 procedure.
1F6 1F7 E Change socket to octal and rewire as follows:
No. 1 on six prong to No. 2 on octal
2 to 3 - 60 &
p o 4 o0
o @S O
5 to 5 )0}
6 ‘ tb 7 sus.
cap . - to cap
* See Addendum at back of this section. 38
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TUBE
1F7

1G4

1G5
1G6

1H4

1HS

1H6

1J5
1J6

114

SUB,
1F6
1C3

1E4
1H4

1LE3
30
1J5
1J6
1E4
1LE3
30
1H6

1LD5

1LH4

1S5

1B5

1G5
19
1AF4
1SA6

1T4
1U4

PERF.

Q v v voYoOT Q"o T Q@

QO Q Q@ B Q

RECEIVING ' TUBE SUBSTITUTION GUIDE 1F7-1L4

- CIRCUIT CHANGES NECESSARY
Reverse 1F6 to 1F7 procedure.
Reverse 1C3 to 1G4 procedure.

No changes.

Same’as 1E4 to 1LE3.

Same as 1E4 to 30.

No changes.

Parallel circuits only. No cha.nges.

No changes.

Same as iE4 to 1LE3.

Same as 1E4 to 30.

Connect grid cap to gocket terminal No. 6. Connect Nos. 4 and 5 together.

Change socket to loctal and rewire as follows:

s No. 2 onoctal to No. 1 on loctal
609 3 ) to 2and3 AL
o\ o 5 to 4 o\/o
©) : 7 to 8 0®
oRiG. cap " to 6 e
Change socket to loctal and rewire as follows:
¢ No. 2 on octal to No. 1 on loctal
(0)0) 7 to 8 \G)O)
ome cap to 6 al

Change socket to miniature or make adaptor wiring as follows:

« No. 2 on octal * to No. 1 on miniaturc
@0 ©
) g to 4and>5 OXNLO)
to 3
ONL®/ 0,
Q0] 7 to 7 SUB.
ORIG. cap to 6
Change socket to six prong and rewire as follows:
No. 2 on octal to No. 1 on six prong
3 “to 2.
Qo
@@ @ 4 to 3 o ‘50
® oo 5 to 4 39
> :
ORIG. 6 to 5 sus.
7 to 6

No changes.

Reverse 19 to 1J6 procedure.
Parallel circuits only. No changes.
Same as 1T4 to 1SA6.

No changes.
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1L6'1LA6 RECEIVING TUBE SUBSTITUTION GUIDE

TUBE SUB. PERF, * CIRCUIT CHANGES NECESSARY
1L6 1U6 E Parallel circuits only. No changes.
1LA4 1A5 G Same as 1L.B4 to 1AS.
1C5 G Same as 1L.B4 to 1A5. Parallel circuits only.
1LB4 G No changes.
1Q5 G Same as 1L.B4 to 1A5. Parallel circuits only.
154 G Same as 1LA4 to 3Q4. Parallel circuits only.
1TS G Same as 1LB4 to 1AS5.
1W4 G Same as 1LB4 to 1W4.
3Q4 P Electric operation only. Change socket to miniature and rewire as follows:
354 P > No. 1 on loctal to No.. 1 on miniature.
' © . 2 to 2 oo
oQo & o4 3
! (0)O) 6 to 3 <5
ORIG. .
8 to -1
3Q5 P Same as 1L.B4 to 1A5. Series circuits only.
1LAG6 1A7 E Change socket to octal and rewire as follows:
No. 1 on loctal to No. 2 on octal
2 to 3 &
@® ©© 3 to 6 @® ®© ;
@@@ 4 to S5 ® o,
Q© 5 to 4 L0
ORIG. sus
6 to cap
8 to 7
1B7 E Same as 1LA6 to 1A7. Parallel circuits only.
1L6 E Same as 1LAG6 to 1U6.
1LB6 P Rewire as follows:
No. 5 to No. 7
Connect pins No. 5 and No. 8
together.
1LC6 E No changes.
1R5 G Make adaptor as follows: Break the glass envelope on a burned out loctal

tube leaving the extension of the pins intact. Bend the extension of the pins
so that they connect to a miniature socket according to the following:
No. 1 on miniature to No. 1 on loctal

2 to 2 (oY)
Q)
3 3 o 3 5O
. OO
© 9 4 to 4 0®
ORIG. 6 to 6 SUB.
7 to 8

In case this substitution squeals on the high frequency end of the dial,
change the oscillator grid resistor to 100M ohms or less if necessary.
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TUBE

1LAG6

1LB4

1LB6

1LCS

SUB.

1U6

1A5

- 1TS

1C5
1LA4
105
154

1wW4

34
3Q5
354

1LA6
1LC6

1L4
1LGS
1LN5

1INS
1P5

154

PERF.

CE IR 0.0 0 0 0 00

Q 00 0 0 Q

RECEIVING TUBE SUBSTITUTION -GUIDE ~ 1LA6-1LGCS

CIRCUIT CHANGES NECESSARY

Parallel circuits only. Change socket to miniature and rewire as follows:
No. 1 on loctal to No. 1-on miniature
to
to
to
to
to
to

©06

Suh

ORtG.

0o LR W
IS WS VN AN X}
®
®

Change socket to octal and rewiré as follows:

No. 1 on loctal to No. 2 on octal
®® ® ® 2 - to 3 @@ 0
(o, 3 o ¢ 029
Q@ 6 to 5 0@
ORIG. 8 tO 7 SuB.
Same as 1L.B4 to 1A5. Parallel circuits only.
No changes.
Same as 11LB4 to 1A5. Parallel circuits only.
Same as 1L A4 to 3Q4. Parallel circuits only.
Change socket to miniature and rewire as follows: .
No. 1 on loctal to No. 1 on miniature
©@ @© 2 : to 2 X0
HQE 3 to 3 Qo &
(0)O) 6 to 6 %
ORIG. 8 to 7

Same as 1LA4 to 3Q4.
Same as 1LB4 to 1A5. Series circuits only.
Same as 1LA4 to 3Q4.
Rewire-as follows:

No. 5 to No. 8 *

7 to 5

Same as 1LG5 to 1;4.
No changes.
No changes.

Same a;s 1LN5 to 1NS.

Parallel circuits only. Change socket to miniature and rewire as follows:

No. 1 on loctal to No. 1 on miniature
6YO) 2 to 2 )
@@@ : 3 to 4 00 00
€382 4 to 1 © @
ORIG. 6 to 3 sue.
8 to 7
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1LC5-1LDS
TUBE

1LC5

1LC6

1LD5

SUB.

1SA6

1T4
1U4

1A7

1B7
1L6
1LA6
1LB6
1R5
1U6
1AFS

1N6

1S5

1SB6

PERF.

Q

o]

O v o o =

RECEIVING TUBE SUBSTITUTION GUIDE

CIRCUIT CHANGES NECESSARY.

Change socket to octal and rewire as follows:

No. 1 on loctal to No. 2 on octal
2 to 8
®©0 ©06
@@@ 3 to 6 O MN\®
OO @ Q
Q 4 o3 3
ORIG. 6 to 4 SUB.
8 to T
Same as 1LG5 to 1L4.
Same as 1LGS to 1L4.
Change socket to octal and rewire as follows:
No. 1 on loctal to No. 2 on octal
2 to 3 o
X9 3 to 6 @0
@@@ 4 to 5 O\®
®® ® ' 5 to 4 ®® ®
ORIG. 8 to 7 sus
i) to cap
~Reverse 1A7 to 1LA6 procedure. Parallel circuits only.
Same as 1LAG6 to 1US6.
No changes.
Same as 1LA6 to 1LB6.
Same as 1LA6 to 1R5.
‘Same as 1LA6 to 1U6. Parallel circuits only.
Parallel circuits only. Reverse 1AF5 to 1LD5 procedure.
Change socket to octal and rewire as follows:
No. 1 on loctal to No. 2 on octal
: 6Y0) 2 to 3 YO)
@@@ 3 to 4 ®
< \ONO 4 to 6 O
® . )
®oaz 6 to 5 SuB.
8 to 7
Change socket to miniature and rewire as follows:
No. 1 on loctal to No. 1 on miniature
0Y0) 2 to 5 ®
@@@ .3 to 4 5
®® %2 4 to 3 Q 9
ORIG. 6 to 6 sus.
8 to 7
Change socket to octal and rewire as follows:
.No. 1 on loctal g to No. 2 on octal
(OO0 2 to 3 ®0
@@@ 3 to 4 ®Q@
ONZ O @ ©
® 4 to 5 ®
ORIG. 6 to 8 SUs.
8 to 7
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TUBE

1LD5

1LE3

1LGS

1LH4

1LNS

SUB.

105

1C3
1E4

1G4

1H4
1293
1L4

1T4
104 ,

1LC5

1H5

1S5

1LC5

1NS
1P5

154

PERF.

OO0 Q@ v

Qm

REtEIVING TUBE SUBSTITUTION GUIDE 1LDS-1LNS

CIRCUIT CHANGES NECESSARY

Change socket to miniature and rewire as follows:

No. 1 on loctal to ] No. 1 on miniature
6Yo) to

@@@

@ ©)
(0)O)

ORIG.

®
to
to
to

to

(ONd©)
® @
© @

sus

0Ok wN
SO W

Reverse 1C3 to 1LE3 procedure.
Reverse 1E4 to 1LE3 procedure. Not a good oscillator.

Change socket to octal and rewire as follows:

No. 1 on loctal to No. 2 on octal
(0X9)
®@g 2 : to 3
6 to 5
(?m% 8 . to 7

Reverse 1E4 to 1LE3 procedure. Not a good oscillator.
Parallel circuits only. No changes.

Change socket to miniature and rewire as follows:

No. 1 on loctal to No. 1 on miniature
0Yo) 2 to 2
S 3 to 3 °
®® ®@ 4 to 5 @ 9
ORIG 6 to 6 sUs.
8 to 7
No changes.
Change socket to octal and rewire as follows:
No. 1 on loctal to No. 2 on octal oo ¢
B T %
A% ON L@/
Qe 8 to 7 O)
onie. 6 to cap S
Make adaptor as follows:
No. 1 on base to No. 1 on top
2 to 5 and4
4 to 3
6 to 6
8 to K
No changes.
Change socket to octal and rewire as follows:
Yo No. 1 on loctal to No. 2 on octal S
B ARG 2 to 3 ) ®@ ® @
©) ® 3 to . 4 ®
)0 8 to 7 Q)
o 6 to cap SB.

Same as 1LCS5 to 1S4. Parallel circuits only.
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tLNS-IN6

TUBE

1LN5

i1N6

SUB.

1S5

1SA6

3A8

1D5

1LC5

1LNS

1P5

154

1S5

1SA6

1T4

3A8

1LD5

PERF.

RECEIVING TUBE SUBSTITUTION GUIDE
CIRCUIT CHANGES NECESSARY

Change socket to miniature and rewire as follows:
Nos. 1 and 4 on loctal to No. 1 on miniature

®0 2 to 5
0O 3 o 4 5°%)
©® ® 4 to 1 O ©
oRIG. 6 to 6 sue.
8 and 5 to 7

Same as 1LC5 to 1SAS6.

Electric operation.only. Same as 1LN5 to 1N5. Connect nothing to pins
not used. .

" No changes. 1D5 rated 60 mils on 2 volts and pulls less than 50 on 1.4 volt.

Same as IN5 to 1LNS.

Change socket to loctal and rewire as follows:

No. 2 on octal to No. 1 on loctal
G
®06 Q 3 . to 2 (0X9)
@Q@ 4 to 3 @@@
@ @)
@® @ 7 to 8 &)
ORIG. cap to 6 Sue.

Short loctal terminals 4 and 5
No changes.

Parallel circuits only. Change socket to miniature and rewire as follows:

s No. 2 on octal to No. 1 on miniature
@@ @ 3 . to 2 690
4 to 4 @ @
G @ @
(0)0) 7 to - 7 T
ofe cap to 3
Change socket to miniature and rewire as follows:
s No. 2 on octal to No. 1 on miniature
@® ®® 3 to 5 590
ON/D 4 to. 4 o
0e 7 to 7 o
one. cap to 6
Make adaptor as follows:
No. 2 on base to No. 2 on top
3 to 8
4 to 6
7 to 7and3
cap to 4
Change socket to miniature or make adaptor as follows:
. No. 2 on'octal to No. 7 on miniature.
@@ [9) 3 : to 2 590
@gp® 4 to 3 © 9
@ 7 to 1 SuB.
ORIG. cap to 6

This substitution squeals in some cases,
works best as r-f tube.

Electric operation only. Remove and tape up wire if any anchored on Nos.
S5, 6 and 8.

Reverse 1LD5 to 1N6 procedure.
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RECEIVING TUBE SUBSTITUTION GUIDE IN6-1S4
TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY
1N6 1SB6 G Rewire as follows:

No. 5 to No. 8
6 to 5

1P5 1NS

G No changes."
154 P Parallel circuits only. Same as IN5 to 154.
1SAG G Same as 1N5 to 1SAS6.
1T4 G Same as 1N5 to 1T4.
1Q5 1A5 G - Parallel circuits only. No changes.
1C5 P No changes. Bias different but tone reasonably good.
3B5 P Move No. 7 to No. 8 and short No. 2 and 7 together.
3C5 P
3Q4 P Same as 1C5 to 3Q4.
3Q5 P Move No. 7 to No. 8 and short No. 2 and 7 together.
354 P Same as 1C5 to 3Q4.
1Q6 1S6 E Rewire as follows:
1T6 E
No. 1 to No. 4
7 to 1
2to .3
1R4/1294 1A3 P Reverse 1A3 to 1R4/1294 procedure.
JR5 1A7 G Where extra space permits. Reverse 1A7 to 1R5 procedure.
1LAS6 G Where space permits. Reverse 1LA6 to 1RS procedure.
1LC6 G
154 1LGCS G Where 'space permits. Parallel circuits only. Reverse 1LC5
1LNS G to 1S4 procedure.
INS G Where space permits. Parallel circuits only. Reverse 1N5S
1P5 G to 1S4 procedure.
1S5 P Parallel circuits only. Rewire as follows:
Nos.2 and 6 to No. 5
3 to 6
5 to 1
1L4 P Parallel circuits only. Rewire as follows:
1T4 P
1U4 P No. 6 to No. 2
3 to 6
4 to 3
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184-174
TUBE

154

1S5

1S6

1SA6

1SB6

1T4

SUB.

3E5

1AF5
1LDS
1SB6

1U5

1Q6

1T6
114

1LCS
1LNS

1NS

1T4
104

1HS
1LDS

185

1AF4
114

1SA6

PERF.

B QO Q Mo

Q Q Q0 Q@ M

Q

RECEIVING TUBE SUBSTITUTION GUIDE

CIRCUIT CHANGES NECESSARY

Parallel circuits only. Rewire as follows:

No. 6 to No. 2
3 to 6
4 to 3
5 to 1
7 to 5

Connect 1 and 7 together.
Parallel cifcuits only. No changes.
Where space permits. Reverse 1LD5 to 1S5 procedure.
Where space permits. Reverse 1SB6 to 1S5 procedure.
Rewire as follows:
No. 5 to No. 2
Reverse 3 and 4
Rewire as follows: .
No. 3 to No. 2

1 to 7

No changes.

Reverse 1T4 to 1SA6 procedure

Reverse 1LC5 to 1SA6 procedure.

Reverse 1N5 to 1SA6 procedure.

Reverse 1T4 to 1SA6 procedure.

Extend wire from No. 8 to cap.
Reverse 1LD5 to 1SB6 procedure.

Change socket to miniature and rewire as follows:

No. 2 on octal to No. 1 on miniature
5X0) 3 ’ to 5
©\® 4 to 4 OO
eo 00 5 to 3 O @
oRiG. 7 to 7 sue.
8 to 6

Parallel circuits only. No changes.
No changes.

Where space permits. Change socket to octal and rewire as follows:
No. 1 on miniatuyre to No. 2 on octal
6520, 2 to 8 @G) ©©
K, 3 to 6 eo
o 6 to 4 .U
7 to 7 '
Connect Nos. 2 and 3 together.
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TUBE
1T4

1TS

1'T6

104

105

1U6

1v

1v2

1V5

SUB.

1U4

1A5

©1CS

1D8

1G4

1LA4
1LB4

1Q5
154
304
354

106

1S6
1AF4
114

1S5

1SA6
1T4

1S5

1L6
6Z3

12Z3

1AC5

PERF.

Q O wvv 9 o Q

U

Q0 Q@ o

RECEIVING TUBE: SUBSTITUTION GUIDE 1T4-1V5

CIRCUIT CHANGES NECESSARY
No changes.
No changes. 1T5 pulls 10 mils more but it works OK.
Parallel circuits only. No changes.

Remove and tape up wires if any anchored on No. 6 and 8. Parallel
circuits only.

No changes. Emergency works good in most. cases.

Same as.1AS5 to 1LA4

Parallel circuits only. No changes.

Same as 3Q4 to 354 parallel circuits only except omit connection No. 8 on
octal to No. 5 on miniature. ) .

Electric operation only. Same as 3Q5 to 3S4 but connect nothing to No..5
on miniature.

Rewire as follows;
No. 3 to No. 2
1 to 7
No changes.
Parallel circuits only. No changes.
No changes.

Rewire as follows:

No. 5 to No. 1
2 to 5
3 to 4

Where space permits. Same as 1T4 to 1SA6.
No chaﬁges.
Rewire as follows:
No. 2 to No. 5
Reverse 3 and . 4
éar_gllel circuits only. No changes.
No changes.

No changes necessary. Series circuits only. Six volts added to the filament
string makes no difference.

No practical substitute.

No changes.
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1W4-287 " RECEIVING TUBE SUBSTITUTION GUIDE

TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY
1W4 1LA4 G- Where sﬁace permits. Reverse 11.B4 to 1W4 procedure.
1LB4 G
3E5 G Rewire as follows:
| No7 o to No. 5

Connect 1 and 7 together

1W5 1V5 P No changes.
1X2 1B3 G Where space permits, Change socket to octal and rewire as follows:
(]
®®@¢, Nos. 1,3,4,6 on miniature to No. 2 on octal @G) @
@ 2,5, Cto 7 @Q®
QG ca to ca (Q)O)
ORIG . p p SUuB.
122 1B3 G Where space permits. Change socket to octal and rewire as follows:
Q . G
oo Nos. 1,3,4,6 on miniature to No. 2 on octal @@
@ ® 2,7,5 : . to 7 O®
Q@ @ : . ONLD
oRia. . cap to cap (0)O)
. . sul:
2A3 45 - G No changes.
2A4G ’ No practical substitute.
2A5 47 G Reverse 47 to 2A5 procedure. .
59 G Change socket to seven prong and rewire as follows:
“No. 1 on six prong to No. 1 on seven prong
q o 2 , / to 2
02 sO i to i
! 6 ' to
& 5 o 6
6 i to 7
Short Nos. 5 and 6 together.
1619 G Parallel circuits only. Make adaptor as follows:
‘ No. 1 on base to No. 2 on top
2. - to 3
3 to 4
4 to 5
5 to 8
6 . to 7
There are or will be many used 1619 tubes available.
2A6 2B7 P Change socket to seven prong and rewire as follows:
No. 1 on six prong to No. 1 on seven prong
2 to 2and 3
3 to 4
4 to 5
5 to 6
6 to 7
cap to cap
55 E’ Parallel circuits only. No changes.
2A7 2A7S E No changes.
2B7 6B7 E Heatcr voltage —- current ratings differ.
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RECEIVING: TUBE SUBSTITUTION GUIDE 2875-265

TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY
2B7S , No practical substitute.
2B25 No practical substitute.
2C4 No practical substitute.
2C21 6SN7 G Change socket to octal and rewire as follows:
No. 1 on seven prong to No. 8 on octal
2 to 3
3 to 2 ®0
4 to 4 gQ@
©
5 to 5 0%
6 to 6 SuB.
7 to 7 ‘
cap to 1
2C22 6ADS P Rewire as follows:
6AFS P Connect grid cap to No. 5
6C5 P Connect plate cap to No. 3
6J5 P
6P5 P
2C51 TF8 "G Where space permits. Change socket to loctal and rewire as follows:
No. 1 on noval to No. 2 on loctal
2 to 4
3 to 1
@ ©X9)
° ? 4 to 3 @@@
O & 6 to 6 %2
ORiG. 1 to 8 sus.
8 to 5
9 to 7
5670 G Parallel circuits only. No changes.
2C52 ~ 12SN7 P No changes.
12SX7 P
2D21 No practical substitute.
2E5 6ES E Heater voltage-current ratings differ.
6T5 E Same as abové.
6US E. Same as above.
2E26 i No practical substitute.
2E30 5812 G No changes.
2E31 | 2E32 E No changes.
2E32 2E31 E No changes.
2E35 2E36 E No changes.
2E36 2E35 E No changes.
2E41  2E42 E No changes.
2E42 2E41 E No changes.
2G5 6U5/6G5 E Heater voltage-current ratings differ.
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2G21-385

TUBE SUB. PERF,
2G21 2G22 E
- 2G22 - 2G21 E
25/4s
2Vv3 2X2/879 P
2W3 272/G84 E
82 P
2X2/879 2V3 P
272
272/G84 2W3 E
3A4 3Q4 P
354 P
3v4 P
3A5 3Cé6 P
3A8GT
3B4
3B5 3C5 E
3LE4 E
E

3LF4

RECEIVING TUBE SUBSTITUTION GUIDE
CI!_%CUIT CHANGES NECESSARY

No changes.

No changes.

No practical substitute.

Parallel circuits only. Change socket to four prong and rewire as follows:

(©] @G No. 2 on octal to No. 1 on four prong 5 GO
gQg cap to cap :
- \g® 7 to 4 o 0

sul.

Reverse 2Z2/G84 to 2W3 procedure.

For half wave operation only. Change socket to four prong and rewire as
follows: '

@® ®3 No. 2 on octal to No. 1 on four prong/5, o

®Q 4 to 2and3 -
Q® 8 to 4 e 9
ORIG. SuB.

Reverse 2V3 to 2X2 / 879 procedure. Examine power transformer and de-
termine whether it will handle additional filament current.

No practical substitute.

Change socket to octal and revwfire as follows:

0, 0 No. 1 on four prong to No. 2 on octal ®@ @
e 2 to 4 ® @

Q O 4 to 8 Q'@
ORIG. suB.

Parallel circuits only. Rewire as follows:

Reverse connections on terminals 3 and 4.

Parallel circuits only. Rewire as follows:

No. 6 to No. 2
4 to 6

Parallel circuits only. Change socket to loctal and rewire as follows:
No.. 1 on miniature to No. 1 on loctal
to

O to ®® @©
to @@@
to Q®

SuB.
to
to

O®O

©)
©)
&

ORIG.

N OO W
[=- BN~ 23 BEN BN VL]

No practical substitute.
No practical substitute.
No changes.

Same as 3Q5 to 3LF4.
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TUBE

3B5

3B7

3B7/1291

3C5

3C6

3D6/1299

3E5

3E6

SUB.
3Q5

354

1291

3A5

3Cé6

3B5
3Q5

3LE4
3LF4

"3A5

3B7/1291
3LF4

3s4

3Q5

3v4

3S4

3v4

PERF.

Q Q Q v HY =H

RECEIVING TUBE SUBSTITUTION ‘GUIDE ‘ 385-3E6

CIRCUIT CHANGES NECESSARY
No changes.

Same as 3Q5 to 3S4 extept omit connection of No. 8 on octal to No. 5 on
miniature.

No changes.

Change socket to miniature and rewire as follows:

No. 1 on loctal to No. 1 on miniature
50 to

@@@

ONL O
0)

ORIG.

to ©

to
to
to
to

(OXd©)
@ ©
Q @

suB.

=3 O W
OOk WN

Parallel circuits only. Rewire as follows:
No. to No.

to

to

to

to

N Wk g
Wk -goowm

No changes.
Same as 3Q5 to 3LF4

Parallel circuits only. Reverse 3A5 to 3C6 procedure.
Parallel circuits only. Reverse 3B7/1291 to 3C6 procedure.
Parallel circuits only. No changes.

Parallel circuits only. .Change socket to miniature and rewire as follows:

. No. 1 on loctal to No. 1 on miniature
® 0 c2 to 2 )
®@©' 3 to 4 @
®® @ 6 to 3 e 9
. ORG. 7 ) to 5 sue.
8 . to 7

Parallel circuits only. Reverse 3C5 to 3LE4 procedure.

Parallel circuits only. Change socket to miniature and rewire as follows:

No. 1 on loctal to No. 1 on miniature
0Y0) 2 to 2 )
O 3 to 3 °
®® ®® 6 to 6 ® ©
ORIG 7 to 5 SUB.
8 7

to
Parallel circuits only. Rewire as’follows:

No. 3 , to No.
6 to

w b

Parallel circuits only. No changes.

No practical substitute.
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. 3LE4-3Q5
TUBE
3LE4

3LF4

3Q4

3Q5

SUB.
3LF4
3V4
3D6/1299
3V4

3A4

3D6/1299

- 3ES

3LE4

3LF4

354

3V4

1A5
1G4

1LA4
1L.B4

1T4
1TS
3B5
3C5

3LF4
3LE4

3Q4
354

PERF.,

HE ® ® v v vU VU Q Q2 QO v Q9 Q

Q0

RECEIVING TUBE SUBSTITUTION GUIDE

CIRCUIT CHANGES NECESSARY
No changes.
Same as 3D6/1299 to 3V4.
Parallel circuits only. N§ changes.
Same as 3D6/1299 to 3V4.
Parallel circuits only. Rewire aé follows:

Reverse No. 3 and No. 4

_ Parallel circuits only. Reverse 3D6/1299 tov3Q4 procedure.

Parallel circuits only. Rewire as follows:

No. 6 to No. 2

3 to 6
4 to 3

Reverse 3D6/1299 to 3Q4 procedure.

No changes.

Rewire as follows:

No. 6 ' to No. 2
3 to 6
4 to 3

No changes. For electric operation only,. Battery operation requ1res re-
sistor 25 to 30 ohms in one of the A leads.

Electric opei ation only. Same as 1A5 to 1LB4.

Same as 1AS5 to 1T4. Electric operation only. Emergency substitution.
No changes. Electric operatioh only. |

No changes.

No changes.

Change socket to loctal and rewire as follows:

No. 2 on octal to No. 1 on loctal
3 to 2 0Yo)
& ! e @3
©) Q
0X0) 5 to 6 @O @®
ORIG. 7 to 8 SUB.
8 to 7
Change socket to miniature and rewire as follows:
No. 2 on octal to No. 1 on miniature
®0 3 . to 2 5
©<>° 4 to 4 5 B
Oy 5 to 3 0 9
ORIG 7 to 7 sue.
8 to 5
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TUBE

3Q5

354

3v4

4A8
5A6

5AX4

5R4GY

5T4

- SUB.

3v4

3E5
304
3Vv4
3A4
3ES

3Q4
354

5AZ4
5U4
5V4
5SW4
5Y3
574

5AX4
5U4
5V4
5W4
5Y3
5Z4

5T4
S5U4
5V4
5Y3
5Z4

5X4
5Y4

5Z3

83
83V

5AX4
5AZ4
5U4
5V4
5W4
5Y3
524

PERF.

QQUTQ TQ TUTOQ Q00000 QQQ0QQ QQ Q 9 OQ Q @

QNAQQQQ

RECEIVING TUBE SUBSTITUTION GUIDE 3Q5-574

CIRCUIT CHANGES NECESSARY

Change socket to miniature and rewire as follows:

No. 2 on octal to No. 1 on miniature
® 0 3 to 2
@Q® 4 to 3 5%
® D) ~ 5 to 6 0 @
ORIG. 7 to 7 SuB.
8 to 5

Parallel circuits only. Same as 3Q4 to 3ES.

No change#.

Same as 3Q4 to 3V4.

Parallel circuits only. Reverse 3A4 to 3V4 procedure.
Parallel circuits only. No changes.

Reverse 3Q4 to 3V4 procedure.

No practical substitute.
No practical substitute.

No changes.

No changes.

No changes. Use only where inverse peak voltage does not exceed 450
volts per plate.
Same as 5T4 to 5Y4

Where inverse peak voltage per plate does not exceed 450 volts, Change
socket to four prong and rewire as follows:

No. 2 on octal to No. 1 on four prong
@%S@ 4 to 2 G2 ©
@\ D) 6 to 3 o ‘o
®
®0R|G. 8 tO 4 SuB.
No changes.
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5T4-5X4
TUBE

5T4

5U4

5Vv4

5wW4

5X3

5X4

SUB.

5Y4

5AX4
5AZ4
5T4
5v4
5W4
5Y3
5Z4
5Y4

5Z3
80
83
83Vv

5AX4
5AZ4
5T4
5U4
5W4
5Y3
524
5Y4

523
80
83
83v

5AX4

5T4
5U4
6Vv4
5Y3
5Z4

5Y4

5T4

5V4
5Y3
5724

PERF,

QOQ00 QQQ0Q Q0QRQ Q Q000000 QQQQ QA0 QO QAQ0QQQQQAQ

RECEIVING TUBE SUBSTITUTION -GUIDE

CIRCUIT CHAN GES NECESSARY

Make adaptor as follows:

No changes.

No. 1 on base to No. 1 on top

to
to
to
to

(=2~ I S )
7 0w

Same as 5T4 to 5Y4.

Same as 5R4GY to 5Z3.

No changes.

Same as 5T4 to 5Y4.

Same as 5R4GY to 5Z3.

No changes.

Same as 5T4 to 5Y4.

Same as 5R4GY to 5Z3.

No changeé.

Rewire as follows:

No. 7 to No. 2
3 to 4
5 ’ to 6
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TUBE

5X4

5Y3

5Y4

5Z3

SUB.
5Y4

523
80
83
83V

5AX4
5AZ4
5T4
5U4
5V4
5W4
574

5Y4

523
80
83
83Vv

5T4
5U4
5Vv4
5W4
5Y3

5X4

5Z3
80
83
83V

5AX4
5AZ4
5T4
5U4
5V4
5W4
5724

5X3
80 -
83
83V
1275

5X4

PERF.

QOQATVQ

QQAEQ H Q000 QQQ

H ooQQd QOQEQAQQ QQAHQ Q BEHQAQQ

RECEIVING TUBE SUBSTITUTION GUIDE

5X4-5Z3

CIRCUIT CHANGES NECESSARY

No changes.

Change octal to four prong socket and rewire as follows:

No. 3 on octal

@@ @ 5
eo 7
Q@ 8

ORIG.

No changes.

Same as 5T4 to 5Y4.

to No. 2 on four prong

to 3 N OE ;0
to 1
to 4

SuB.

Change socket to four prong and rewire as follows:

No. 2 on octal
® .
@%)@ 4
® © 6
O® 8

ORIG.

Same as 5X4 to 5T4.

No changes.

Same as 5X4 to 5Z3.

Same as 80 to 5U4.

No changes.

to No. 1 on four prong
to 2 % O
to 3 O ‘o

to Sus.

Change four prong to octal socket and rewire as follows:

6 O No. ‘1‘.2 on four prong
OI ‘O 3

oRIG. 4

55

to No. 7 on octal ®0
to 3 gQg}
to 5 X0
to 8 sve.
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$Z4-6A7 . RECEIVING TUBE SUBSTITUTION GUIDE

TUBE SUB. PERF. CIRCUIT CHANGES NECESSARY
5Z4 5AX4 G No changes.
S5AZ4 G
5T4 G
5U4 G
5V4 G
5W4 G
5Y3 G
5Y4 G Same as 5T4 to 5Y4.
6A3 6A5 E Same as 6A3 to 6B4. No. 8 is cathode and filament tap.
6B4 E<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>