SHOP WORK BENCH FOR
RADIO AND TELEVISION
REPAIRS

LESSON TV-1




YOU MUST KNOW BOTH RADIO AND TELEVISION

With this lesson you start a specialized study of Radio and Tele-
vision repair methods. As you are probably well aware by now, tele-
vision is nothing more than advance applications of well known radio and
electronic principles. Thus, it is impossible for you to be a television ex-
pert without at the same time also being a radio expert.

The two fields are, therefore, intimately tied together and you will
of necessity find yourself doing work in both radio and television—in
fact, we accept the responsibility of preparing you to handle either type
of work. You will, therefore, be capable of handling any type of elec-
tronic repair or installation job that is brought to you.

Because of this close interrelationship, we start you off in this spec-
ial study first in basic components which are common to both radio and
television. Then when you have a thorough mastery of the testing and
replacement of defective parts and circuits you advanced into the more
complex television work with the assurance of thorough preparation.

This lesson will give you many ideas about setting-up your own work-
bench—either in your own home or in your own private workshop. You
will see that it includes facilities for handling all kinds of radio receivers
and, of course, all of this basic material applies to television and FM

receivers just as it does to the ordinary AM receiver.

So for the next few lessons in this series you will study the testing
and replacement of basic component parts as well as the adjustment of
tuned circuits. In studying this series of lessons, keep in mind that the
information given applies to all types of receivers (including FM and
television). Thus, when the word receiver is used, remember it is a broad
term covering all of the well known receiver types in general use.
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This is a good example of a well lighted neatly arranged bench. A bank of overhead fluorescent
lamps provide adequate light. The test instruments are both portable and fixed mounted. Power
outlets are provided along the front edge of the bench. Note the cabinet racks to the right and
shelves for spare parts. |t is recommended that you study this layeut and the others in this lesson
because they show practical bench arrangemerts which you can probably put to good use.

Ccurtesy of Sylvania.

Shop Work Bench for Radio and Television Repairs
Lesson TV-1

This lesson is the first in a special
series relating to Radio and Televi-
sion repair methods. It is designed to
emphasize the practical side of repair-
ing all kinds of radio and television
equipment, While it is intended to
<pecifically apply to radio and tele-
vision receivers of all kinds, the in-
formation given need not be limited
in its application to receivers and amp-
lifiers alone. Most of the testing and
repair information will apply equally
as well to transmitters and to all
other kinds or types of electrical
equipment since all of this equipment
operates on the same basic laws and
makes use of the same basic materials.
So as you make progress with this
special set of lessons try to keep the
fundamental purpose of this special
course in mind.

This lesson has as its subject

“Your Shop Work Bench.” Limited
information on this general subject
is given in one of your Business
Builders. This lesson, however, will
go into detant and will describe a per-
manent set-up which you will eventu-
ally need in one form or another. In
writing this lesson, we have to con-
sider all of the possibilities but this
does not necessarily mean that you
have to include everything we men-
tion. For instance, if you live in a
large city, you need not be concerned
with a 32 volt power supply at your
work bench; and on the other hand.
if you live in a town which is sup-
plied entirely with 60 cycle AC cur-
rent, you need not be concerned with
a 110 volt DC hne for your work
bench. So you should use the ideas
presented in this lesson only when
they will meet your local conditions.



Also in studying this lesson, you may
think of an improvement which will
fit in better with your individual
set-up. If so, don’t hesitate to make
improvements or changes. This les-
son is merely a guide, and you should
make every change or improvement
which will contribute to your con-
venience and efficiency.

Your work bench is comparable to
the manufacturer’s tools. machinery,
and other facilities. It is the vehicle
by which you make your living. So
it should be designed for convenience
and high efficiency. Your work
bench and its panel can be a highly
complex electrical gadget—just as
you care to make it. However, it
ought not to be so complex that you
or your hired help cannot make quick
efficient use of it. So good practical
judgment should be exercised in its
design.  This electrical system of
your work bench can also be expen-
sive and in laying out your system.
total overall cost should be kept in
mind. If a certain unit will increase
your efficiency or make for conven-

lence in getting out a job quick, ther
that unit will probably be well worth
any reasonable amount you put intc
it.

The Electrical System of
Your Work Bench

We shall describe an electrical sys-
tem for a typical work bench. This
will be done without regard to the
physical size and form of the bench.
It will then be up to you to fit these
ideas to your particular bench with
due consideration to any special con-
ditions which may be present.

AUTOMOBILE RECEIVER POWER
SOURCES: There are several methods
employed at the work bench to oper-
ate automobile type receivers direct
from the AC power line. These in-
clude the use of lamps in series with
one side of the power line, direct op-
eration from a battery charger, and
operation from the so called “A”
eliminators. While a type of oper-
ation 1s possible from all of these
methods. tkey all provide high AC
hum levels and none of these methods

This work bench layout belongs to a Sprayberry graduate.
graduated and before a main test panel was constructed.

The picture was made before he
In this layout a flat top work bench is

used with a shelf built at the rear for holding instruments in view while repair work is being done at

the bench.

Many radio repairmen start out in this way and over a period of months gradually

build up their bench test panel as experience and time prove the need for certain items,
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simulate actual operating conditions.
Thus, we don’t recommend them. Be-
sides the automobile type receiver,
there are many farm type receivers
which obtain all their operating
power direct from a 6-8 volt storage
battery wherein a vibrator is used as
in an automobile receiver. Thus, for
these two types of receivers, a good de-
pendable source of power (6-8 volts)
is required at the work bench. There
is nothing better for this than a good
high ampere-hour storage battery. By
use of such a battery, actual operat-
ing conditions for the receiver under
test can be duplicated. For this re-
auirement, we recommend the circuit
of Fig. 1. Its two main items are a
trickle charger and a 6-8 volt storage
battery. It is properly fused and
metered with necessary  polarity
changing facilities. Note it is con-
nected to two wires which should be
a separate 110 volt line to your work
bench—that is, a line to which there
will be no connections of receivers
under test nor should AC test equip-

ment be connected to this line. Sepa-
rate branch circuits should be used
for these other things as will be ex-
plained later on.

The two fuses Fl and F2 are stand-
ard screw type fuses (15-25 am-
peres). A metal box with hinged
cover can be obtained from any elec-
trical supply firm to hold these fuses.
Such a box will contain the fuse
holders and may also contain switch
S1 or if you prefer switch S1 may be
contained in a separate switch box
with a red pilot light to indicate when
the charger is turned on. The General
Electric part number for this type of
switch with pilot light is GX3A1 and
the switch box cover number is
GE2735. The entire assembly will
fit in any standard metal switch or
outlet box. The pilot light bulb
number is S-6. Any G. E. supply
house can supply these items as they
are standard.

The capacity or output of the
trickle charger will depend on how
often you use the storage bartery. For



average use, the charger need not be
rated in excess of .25 ampere. A cop-
per-oxide type of charger is generally
satisfactory; but if you require a
charging rate in excess of | ampere,
a tungar bulb type of charger might
be more satisfactory.

At the output of the charger, Fig-
ure | meters V1 and M1 are shown.
These are not essential but may be
used if desired. Meter V1 could be
on 0-10 magnetic vane type voltmeter
and M1 may be the automobile type
ammeter (range of about 0-30 or
less). The virtue of these meters is
that they indicate the charger output
voltage and the rate at which the bat-
tery is being charged.

Fuses F3, F4, F5, and F6 in Fig. |
may be standard automobile cartridge
type fuses rated at about 5 to 10 am-
peres. Switch S2 is a double-pole,
double-throw knife type switch.
When it is turned to the left, the
charger may charge the battery; and
when it is turned to the right, the bat-
tery may supply power to the receiver
under test on your work bench.

Meters V2 and M2 are very desir-
able. V2 indicates the storage battery
voltage while M2 indicates the amount
of current drawn by the auto receiver
under test. These meters may be of
the cheaper magnetic vane type if de-
sired although there is no reason why

V1, M1, V2 and M2 could not be

This photo shows an end view of a long work bench. Note the wide working space on the bench top.
Most of the test instruments are fixed mounted directly on the main test panel. At the far end of
the bench shelves are provided for diagram manuals, books, etc. Courtesy of Sylvania.
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This view shows a bench arranged for two workers. There are three sets of drawers below the level
of the bench top—one at each erd and one in the center. Note how neatly the test instruments
are fixed mounted on the main panel. Two men on a panel such as this can turn out a large volume

of work in a day.

In the foreground is a counter on which merchandise can be placed and it serves

as well to keep the public away from the work bench. Courtesy of Sylvania.

moving coil type meters. Many old
obsolete testers contain meters which
may be adapted for the functions of
meters V1, M1, V2 and M2. If such
meters are available to you, you can
very probably adapt them for your
need by using suitable multiplier re-
sistors. Use a series resistor for a volt-
meter and a shunt resistor for an
ammeter or milliammeter.

Switch $3 in Fig. 1 is very con-
venient for it will enable you to re-
verse the polarity of your storage bat-
tery quickly. Some auto receivers
may have the positive grounded and
others will have the negative
grounded. The connection of the vi-
brator usually determines which po-
larity is grounded. You will receive
more information on this subject in
your lesson on automobile type re-
ceivers. Regardless of which polarity
is grounded, switch S3 will correct

the condition if it needs correcting.
Like S2, it is a knife type double-pole,
double-throw switch. As viewed in
Fig. 1, the switch handle would nor-
mally be turned to the left which
would make P1 positive and P2 neg-
ative. If a reversal of polarity should
be needed, the handle of S3 would be
turncd to the right which would make
Pl negative and P2 positive.

P1 and P2 may be small tip jacks
into which connecting leads may be
plugged or they may be binding posts.
depending on your preference. Per-
haps binding posts are best for the
connections must carry considerable
current (0-5 or more amperes). The
connecting leads between P1 and P2
and the receiver under test must be
tight at all times. Binding posts will
carry more current than the average
small tip jacks and as a rule a binding
post keeps a firm contact all of the
time. For these reasons binding posts



are most often used where heavy cur-
rents are involved.

Next you will need to consider the
actual layout of the parts which make
up your auto power supply circuit.
We suggest that you make use of a
sectional panel on your work bench
for this purpose. T his panel may be
made from any good insulating ma-
terial such as hard rubber, bakelite,
masonite, veneer wood panel, etc.
On this panel should be mounted all
fuses, meters, switches, and the two
connectors P1 and P2. The trickle
charger and storage battery should be
mounted underneath your work bench
with connecting leads running up to
the panel location. Since the entire
circuit must carry heavy values of
current, the use of heavy solid wire is
suggested—No. 14 or larger. No
exact panel size and layout will be
given because of variation in indi-
vidual requirements. One good plan
to follow is to first obtain all of the
parts you will require for the con-
struction of the panel. Next layout
these parts on a flat surface such as
your work bench top. This will give
you a good idea of the amount of
space they will occupy. Move the
parts about on the flat surface until
you get them in the positions most
convenient and pleasing to vyou.
When you have made your final de-

cisions on the mounting positions of
the parts, make a rough drawing of
them. Then layout these mounting
positions on the panel you have
chosen. Get the position of each part
exactly indicated on your panel before
boring holes, making cut outs, etc.
By being careful and sure in this way,
you are not likely to ruin your panel.
By following the foregoing general
information, you should be able to
layout and mount your auto power
supply test panel without trouble.

The AC Power Supply Circuit

For best results, two different AC
power lines are required for the work
bench. One should be a voltage reg-
ulated line and the second should be a
preliminary line used when first ap-
plying power to a receiver in doubt-
ful condition. First the regulated line
will be described. One of the most
useful and important accessories for
your work bench is a regulator for
line voltage. With this, you are as-
sured of a constant line voltage for
your test instruments and for the re-
ceivers on which you may be work-
ing. This is particularly important
in localities where the line voltage
varies over wide values. Figure 2
shows a very satisfactory circuit for
this purpose.

In the main, it consists of a special

T
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FIG. 2
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This layout shows an example of one main panel with cutouts provided for the units mounted on it.
Note the symmetry of the panel—how one side of it balances the other. By giving careful attention
to detail this layout proves symmetry of a test panel can be obteined as we'l as practibility. A book
shelf to the left permits diagram manuals to be within easy reach of the work bench. Courtesy of

Sylvania.

edge of your work bench. If another
soldering iron outlet is wanted at
some other location on your work
bench, it may be connected in parallel
to 01.

The next device in the circuit of
Fig. 3 is a lamp controlled circuit
which acts not only as a protective
device (for a receiver or amplifier with
a full short) but also has many other
uses as will be described. In this cir-
cuit L1, L2, and L3 are 20, 50 and
100 watt lamps respectively. Switches
S3, 84, and 85 control the lamps and
these may be small toggle panel type
switches or they may be the usual
single pole type switches mounted in
metal outlet boxes—the kind usually
used to turn room lights on and off.
The outlet box 0., is in series with
these lamps and thus a receiver plug-

ged into 0. cannot draw any more
current than the lamps will permit to
pass. For instance with S2 turned
to the on position, only 20 watts of
energy can be drawn from the line.
Assuming a line voltage of 115 volts,
the current is thus limited to 20/115
or .173 ampere. Likewise the 50 watt
lamp will limit the current to .434
ampere. With 83 and S4 both turned
to the on position, the current that
may pass cannot exceed .607 ampere;
and with 83, S4, and S5 on, the cur-
rent will be limited to 1.575 amperes
and the total power that may be dis-
sipated will be 170 watts. Another
combination of the lamps with §3
and 85 on gives 120 watts and with
S4 and 85 on the power cannot exceed
150 watts. All of these various lamp
power combinations are very impor-



tant as you will learn from a study
of Lesson 1R-1. These lamps are
used for the same purpose as explained
for Lesson 1R-1. They are a protec-
tive device and enable you to control
the current to any receiver or amplifier
under test. Each receiver or amplifier
coming to your work bench should
first be connected to outlet 0, unuil
all major repairs have been made, then
you can utilize the power circuit of
Fig. 2 to finish the job. Switches S3,
S4, and S5 should, of course, be uti-
lized to select the proper lamp rating
as explained in Lesson 1R-1.

These lamps and their switches
should be mounted on a shelf on the
main panel of your work bench. at a
point where you can watch the inten-
sity of their glow. They may set out
in the open or you may have a panel
to cover them with holes opposite

each lamp which will permit you to
see whether they are lighting or not.
Reference to mounting and the loca-
tion of the lamps on your main panel
will be discussed further on in this
lesson.

Referring to Fig. 3 again if desired,
a wattmeter may be mounted on your
main panel with an outlet in series
with it. Qutlet 04 is used for this
purpose and WM indicates the watt-
meter. This may be rated at from
0-150 to 0-300 watts. A small panel
type wattmeter is available from most
of the meter companies— write to
them if you are interested in sach a
meter for your work bench.

This wattmeter is used as follows.
On the name plate of most receivers
the power consumption in watts is
given. This may be used as a refer-
Plug the receiver into outlet

ence.

This view shows another two man bench layout. Note all of the instruments are portable which
permits moving them to any position on the bench where they may be needed. The top of the
panel is wider and lower than usual permitting it to be used as a book shelf. Note the use of
drawers above the work bench top and also those below it. Drawer space always comes in handy
and every work bench design should allow for it, Courtesy of Sylvania.
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0; and after the receiver warms to
operating temperature, check its power
consumption as read on the watt-
meter. If it shows a power reading
in excess of the rated power, you will
know there is a heavy overload in the
receiver. It will probably be in the
form of a defective power trans-
former, rectifier tube, filter condenser,
etc. Thus, you have an immediate
clue as to the defect and will know
what type of defect to check for. Most
small receivers will be rated at from 50
to 100 watts. Other larger receivers
and amplifiers will be rated up to 300
watts. When a receiver is operating
normally it will draw normal power
from the line, which in itself is a check
on the condition of the receiver. Con-
versely, if the wattmeter shows very
much below normal power consump-
tion, it indicates there is an open in a
vital part of the circuit. So again the
wattmeter is useful in indicating what
is wrong. If its readings are inter-
preted correctly, the wattmeter can be
very useful at the work bench and can
be a great time saver. In like man-
ner, the lamps L1, L2, and L3 of Fig.
3 can serve as a substitute for the
wattmeter if the brilliance of the
lamps is interpreted properly and if
the right watt size of lamp is used.
Read and study lesson 1R-1 in careful
detail for exact information on how
to use lamps in general testing. They
can be most useful if you employ
them right and interpret the effects
correctly.

The remaining outlet 04 in Fig. 3
is not a special power outlet and may
be located at the opposite end of your
work bench in relation to outlet 0,.
It may be used for a soldering iron,
fan, or any other electrical device
which requires no special attention.

The power wiring for your work
bench will be permanent, so you

ought to use good materials for it
The wires used should be No. 14 or
larger and should be enclosed in BX
cable or standard electrical conduit.
Standard metal boxes should be used
for all switches and power outlets.
Fuses should also be enclosed in metal
boxes for full safety and protection.
All connections should be well sol-
dered and taped or otherwise insulated
if exposed in any way.
Other Types of Power Supplies
In many sections more than one
type of power supply is in common
use. Whether or not you provide for
this at your work bench will depend
on how much of this type of work
you are required to do. For instance
you may find it necessary or desirable
to have DC available at your work
bench—ecither 32 or 110 volts. This
may be provided in the form of a
small motor generator or rotary con-

verter. These units can be secured to
operate direct from the available
power line. If you have an AC line,

this device will provide DC; and if
you have a DC line, it will provide
AC at its output at whatever fre-
quency is needed.

In the same way, if you live in or
operate from a 60 cycle district and
must do work on 25 or 40 cycles,
rotary converters can be employed for
the frequency conversion. The re-
verse is also possible by using a rotary

PRIME POWER SOURCE

ONE OF SEVERAL {
TYPES

OQUTPUT
OF CONVERTERS

FI16. 4
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This photo shows a triangulas shaped work bench layout. The main panel is composed of secticns
which is one good way to arrange it. The various test irstruments are fixed mounted to the sec.
tional panels. The small tools are mounted underneath the sectional panels by use of a leather
strap. This shop evidently follows the slogan "a place for everything and everything in its place."

Courtesy of Sylvania,
converter to convert a 25 or 40 cycle
line to 60 cycles.

If you live in a farm or rural dis-
trict where there are no power lines,
inverters mayv be used to operate from
storage batteries. These give 110
volts 60 cycles, AC and are available
in several power sizes. So regardless
of local conditions, devices are avail-
able to meet your power requirements.
In general ne matter what the power
conversion problem. it will electrically
take the form shown in Fig. 4. The
output of the power eonverting de-
vice may be wired to bench circuits
similar to Figs. 2 and 3, depending
upon requirements. [f vou do find
it necessary to use one of these power
converting devices, be sure and get one
which has a power rating large enough
to handle your expected requirements.

Speaker Substitute for the
Work Bench Panel

There are two very good reasons
why a substitute speaker is desirable

i1

for the work bench. First is the fact
that many receivers will be brought
into the shop without the speaker;
and second if a speaker substitute cit-
cuit is already arranged on your work
bench, you can quickly substitute for
the speaker of the receiver under test.
Such a test is often desirable when
checking for hum generating condi-
tions, for noise, distortion, etc. For
such a system to be truly universal
and to fit all possible conditions, it
will need to have variable character-
istics. Figure 5 shows a suitable cir-
cuit. It consists of a heavy duty
universal output transformer, a 5 to
8 inch PM speaker, and a tapped iron
core choke—the choke being made
special for work bench use by several
transformer manufacturers. The en-
tire arrangement may constitute a sec-
tional panel on the main or large
panel of your work bench.
Transformer T1 in Fig. 5 may be
any good heavy duty universal out-
put transformer. Your radio parts



jobber can help you make the proper
selection if you are not familiar with
this item. The primary of this trans-
former should be center tapped for
push-pull tubes. The secondary
should have several taps but they
need not have the exact values shown
in Fig. 5. At least four taps should
be provided on the secondary and as
many as six or eight may be used if
desired. The transformer shown in
Fig. 5 has five taps of 4. 6, 8, 10, and
16 ohms. Note these values refer to
AC impedancé values in ohms and do
not refer to DC resistance values.
The transformer should be
mounted in back of your speaker sec-
tional panel. Wire leads from the
transformer terminals are then
soldered to tip jacks mounted on the
panel—tests leads are to be connected
to these tip jacks from the front side
of the panel as will be explained later.
The speaker may be any good PM
type speaker with a five to eight inch
cone—the smaller the cone the better,
for you will probably need to con-
serve space. [ his speaker should be
bought without output transformer
because T in Fig. 5 will act as the

output transformer for it. T he
T 16~
10~
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speaker should also be mounted on
your sectional panel near the other
parts. A hole should be cut in the
panel slightly smaller than the cir-
cumference of the speaker cone. This
will expose the paper cone of the
speaker towards the front. To pro-
tect this cone, a large mesh wire screen
should be mounted over the opening
in the panel. This will permit nor-
mal function of the speaker, yet it
will be protected from objects which
might hit or tear the paper cone.
Note terminal 4 of the secondary of
the output transformer is permanently
wired to one side of the voice coil
of the PM speaker.

The iron core tapped choke should
also be mounted behind your sectional
speaker panel. Wire leads from it are
to be wired to tip jacks as explained
for the secondary of the output trans-
former. This choke is rated for a
maximum steady load of 40 milli-
amperes and 2 maximum intermittent
load of 55 milliamperes. The taps are
at 500, 1500, 2000, 2250, 2500 and
3000 ohms. Note this refers to DC
ohm values only and does not refer to
AC impedance values as in the case of
the transformer.

TAPPED CHOKE

I 12 13 14 15 16 17

F1G.5



Here is a nice layout for the combination sftore-shop arrangement.

There are two shop work

benches one to the right along the wall with a convenient overhead fluorescent light. The other
bench is along the rear wall and is used principally for heavy work, thus jars and shocks will not

disturb the electrical instruments mounted on the panel.

Note the use of shelves along the rear

wall for spare parts and tubes. Courtesy of Sylvania.

The purpose of this iron core
tapped choke is to substitute for the
field winding of any dynamic speaker.
It may also act as a substitute for an
iron core choke in a receiver under re-
pair.

There are various circuit conditions
which this arrangement will have to
meet. For the primary side of the
transformer, note it will meet condi-
tions for cither a single output tube
or for two push pull tubes. To meet
this flexibility, three test leads should
be provided for tip jacks 1, 2, and 3.
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One end of these should be fitted with
tips which may be plugged into the
tip jacks. The other ends of the test
leads should be fitted with alligator
clips so that quick connections can
be made to the receiver.

To illustrtate how the system is
used, suppose a receiver is brought to
the shop without its dynamic speaker
{which will probably mean the out-
put transformer and field winding
will also be missing). To correct for
this condition plug the aforemen-
tioned test leads into tip jacks | and



2 for a single output tube and add
the third one to tip jack 3 for push
pull tubes. For a single tube connect
the lead of 1 to the plate terminal of
the output tube and connect the lead
of 2 to the B-L for the same tube.
If push pull tubes are used, connect
the leads of 1 and 3 to the plate ter-
minals of the two tubes and connect
the lead of 2 to the B-}- for the same
tubes. On the secondary side of the
transformer, 4 will be connected to
one side of the PM voice coil. With
a jumper test lead, connect it between
10 (which is permanently wired to
the other side of the voice coil) and
5.6, 7,8, or 9. Depending on the
AC impedance of the PM voice coil,
10 will normally remain connected to
one of the secondary taps which most
nearly matches its impedance. For
instance if the PM voice coil impe-
dance is 8 ohms, 10 will normally
connect to 7. For most conditions,
10 will remain connected to 7 for
this impedance value. The only thing
which might change this is single or
push-pull tube conditions for the pri-
mary. Also there may be times when
you wish to match the output trans-
former to another speaker rather than
the one on your work bench. When
this is desired, at least two of the
impedance taps on the secondary will
usually give a satisfactory match. To
make sure yov have the best impe-
dance match (in case of doubt) 10
may be tried connected to 5, 6, 7, 8,
and 9, letting it remain connected to
the tap which gives the most volume
with the least distortion.

If the foregoing described connec-
tions have been made, all that remains
is a substitution for the speaker field
winding. As with the transformer
secondary, test leads may be used to
connect the field winding to the re-
ceiver under repair. Let 11 repre-
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sent one end of the field. Connect it
to one side of the circuit to which
the field normally connects. Then
select a connection from 12 to 17
which most nearly matches the field
winding of the receiver under test.
Suppose the circuit calls for a 1200
ohm field winding. The tap near-
est to this is 13 giving a value of 1500
ohms which is not off so much as to
make a practical difference.  With
these connections made. you will have
made a bench substitution for the re-
ceiver speaker and can proceed in a
normal manner with your testing.

For the condition where the out-
put transformer is mounted on the
receiver chassis instead of the speaker,
a different procedure is needed. In
this case, you will have a low impe-
dance winding which must be
matched to a low impedance load on
the secondary of your bench output
transformer. To accomplish this
with two test leads. connect the sec-
ondary of the output transformer on
the receiver chassis to 8 and 9 on the
secondary of your bench output trans-
former. This will cause magnetic
lines of force to be set up in the entire
secondary and you can proceed with
your tests as usual.

If you have a receiver in which the
iron core filter choke is defective, it
may be removed or disconnected from
the circuit and a section of your bench
choke temporarily substituted for it.
This is done by making use of test
leads as previously explained. With
the ends of the test leads which have
alligator clips—lip the test leads to
the circuit to which the leads from the
choke normally connect. Then with
the other ends of the test leads which
have plug tips, connect one lead to 11
in Fig. 5 and try the other lead in 12,
13, 14, 15, 16, and 17. One of these

connections will approximate the con-



This is an exampie of a versatile test panel and work bench, Everything is neatly mounted and the

whole layout is in symmetrical balance.
benck as well as on the main panel itself.

Power outlets are provided along the front edge of the
Above the test panel is plenty of room for diagram

manuals and books. Along the front edge of the work bench note the use of drawers for tools, etec.

Courtesy of Radis News

dition of the original choke. Thus,
you may go ahead and repair and ad-
just the rest of the circuit. You can
tell which tap of the choke in Fig. 5
most nearly represents the character-
istics of the original choke by the fact
that DC voltage throughout the re-
ceiver will be about normal and hum
will be reduced to a minimum. For
the average receiver a 15 henry choke
is required. Thus after you prove
that a given choke is at fault, you
would probably be safe in ordering a
15 henry replacement choke. On the
other hand, if exaet manufacturers
specifications are at hand, they should
be followed.

The previously described circnits
represent installations for the average
work bench. Many servicemen will
get along with less than what has been
described and others willemploy many
more substitute items on their bench
panel. These will include such items
as a power transformet, condenser
bank, resistor bank, AF transformers,
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etc. The individual serviceman will
have to decide for himself how many
of these extra units he wants or needs.

If a bench power transformer is
wanted, it can be arranged similar to
Fig. 6 on its own sectional panel. The
primary should be permanently wired
to the power line as shown. The
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switch S1 should be mounted in a
metal box along with a pilot light to
indicate when power is applied to the
transformer. The fuse may be rated
at about 2 te 5 amperes. The sec-
ondary terminals should be wired to
well insulated tip jacks for high volt-
age is applied to tip jacks 1, 2, and 3.
The rectifier filament winding should
be rated at 2 amperes and 5 volts for
most rectifier tubes operate on this
value of filament voitage. The other
two filament windings should be rated
at 2.5 and 6.3 volts respectively. The
current rating for these two windings
should be as high as you can get them
to take care of varying load condi-
tions.

By means of a set-up of this kind,
you can substitute for an entire power
transformer if you wish to do so.
Connections between the transformer
secondary terminals and the receiver
can be made by means of properly
fitted test leads as explained for the
other test circuits.

It may not be necessary for you to
substitute for an entire transformer.
A substitution can be made for one or
more windings by making proper coa-
nections to the transformer second-
aries. Also it may be necessary to ob-
serve proper connections at the receiver
under test. Certain ground connec-
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tions may be called for and it is es-
sential to fully disconnect the original
winding for which you are substi-
tuting. Beyond these elementary pre-
cautions, no special instructions are
needed for this transformer substitute
circuit.

A condenser substitute bank is very
handy at the work bench and one
should be included eventually even if
you don’t plan to install one imme-
diately. A good circuit to use is
shown in Fig. 7. Switch S-1isa 10
terminal rotary single deck selector
switch. This permits the use of 10
substitute condensers varying in ca-
pacity from .001 to 40 mfd. The
.001 may be a mica type condenser.
The .01, .1, .5, 1 and 2 mfd. units
may be of the paper type rated ar 400
to 600 volts DC. The 8, 16. 20
and 40 mfd. units should be of the
dry electrolytic type. The 8 and 16
mfd. units should be rated from 400
to 600 volts and the 20 and 40 mfd.
units may be rated at from 150 to
300 volts.

To use the circuit, insert test leads
into the two tip jacks (11 and 12)
and turn switch S1 to the desired
position. If you are substituting for
a condenser whose value is not in-
cluded in Fig. 7, choose the value most
nearly to the rated value. Always,
when substituting for a given con-
denser, disconnect it from its circuit
if you are checking for a short or an
intermittent condition. If you are
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This is a good example of making maximum use of small space. A layout like this must be used
where space is at a premium. Most of the test instruments are within easy reach of the repairman
at almost any position along the work berch. Spare tubes and parts are placed on shelves at the
right of the work bench and diagram manual space is provided in enclosed shelves above the test

instruments. Courtesy of Radio News,

checking for an open condition, it does
no harm to leave the suspected con-
denser in the circuit while you put
another one across it. If under this
condition you get normal reception, it
indicates the condenser in the circuit
needs replacing. Remember. how-
ever, this holds true for an open con-
denser and does not apply to one
which is shorted. There are many
more condenser testing principles and
applications which will be treated in
a separate lesson devoted to this sub-
ject. Referring to Fig. 7 again, the
electrolytic condensers will eventually
dry out and will need replacing in
time. The mica and paper type con-
densers will last almost indefinitely
if they are not overloaded.
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Figure 8 shows a very satisfactory
resistor substitute circuit. It uses a
ten terminal single deck rotary selector
switch. Two tip jacks are used into
which test leads are inserted. Thus
any resistor in the group may be
selected by proper use of Switch S1.
Like the other substitute circuits al-
ready mentioned, this one may em-
ploy its own sectional panel on your
main test panel. The resistors should
have adequate power rating according
to their expected use. The 1 megohm.
500,000, 20,000, and 10,000 ohm
units should be rated at, at least, 1
watt and up to 3 watts may be used.
The 5,000, 1000, 500, 300 and 100
ohm units should be rated at 5 watts.
The use of the resistor substitute cir-



cuit is very simple. Test leads are first
inserted in tip jacks 11 and 12. The
other ends of these test leads should
have alligator clips attached. They
are then clipped to the two sections of
a circuit to which a resistor normally
connects. If the resistor you are sub-
stituting for is suspected of being
open or burned out, the test leads may
be clipped directly across the suspected
resistor. Proper selection of the re-
sistor value is next made by switch
S1.  The receiver should then be
turned on. If this results in normal
operation or the restoration of volt-
age where it did not exist before, it
proves the suspected resistor is open.
In other cases where you already
know a given resistor is open, the cir-
cuit of Fig. 8 may be used to quickly
restore normal conditions without
having to wait and do a soldering job.
Thus, you can go on with other tests
such as checking for a shorted con-
denser which may have caused the
resistor to open in the first place. In
this way, you can do all soldering
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operations at one time when you are
ready to make permanent replace-
ments. Another use for Fig. 8 is
where you are required to replace a
given resistor and don’t know the ex-
act value to use. This circuit will
permit you to switch several values
into use and from receiver operation
you can usually make a satisfactory
approximation of the correct value.
This circuit does not of course pro-
vide all possible values which may be
needed but with the available values
you can at least restore operation long
enough to get a check or to approxi-
mate the value of a given resistor. The
resistor values in Fig. 8 are flexible
and you may use any combination of
values which fits your particular
work,

If you want an AF transformer
substitute circuit, the one shown in
Fig. 9 will be satisfactory. The up-
per symbol is a universal output trans-
former similar to the one described
for the speaker substitute circuit.
However, the one shown in Fig. 9
should have a high impedance tap at
4-—500 ohms or higher. This will
permit coupling to a high impedance
load such as a magnetic speaker. The
other taps of 5, 6. and 7 should be of
low impedance—from 4 to 16 ohms.
Tap 8 is assumed to be the common
terminal in reference to taps 4, 5, 6,
and 7. For the primary side of this
transformer use 1, 2 and 3 for push
pull and for a single tube use 1 and 2,
2 and 3 or | and 3 depending upon
the plate load requirements of the
tube to which the transformer will be
connected.

The lower transformer in Fig. 9
is primarily to substitute for a push-
pull input transformer. For the pri-
mary 9 and 10 are used while 11, 12
and 13 are used for the secondary.
This transformer can also be used for
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a single tube on the secondary side
by utilizing 11 and 12 or 12 and 13.
The wire leads of the AF trans-
formers should, of course, be wired
to tip jacks and test leads used as ex-
plained for the other substitute cir-
cuits. Standard transformers as made
by several companies may be used for
Fig. 9.

There may be times when you will
want to substitute for a resistance
coupled stage. If you want a unit of
this type, the circuit of Fig. 10 will
work nicely. It consists of a 150,000
ohm resistor for the plate circuit, a
.01 mfd. coupling condenser and a
500,000 ohm grid leak. Terminal |
would normally connect to the plate
of a tube, 3 to the grid of the follow-
ing tube, 2 to B+ and 4 to ground
or to the C bias connection for the
stage in question. This coupling
unit may be quickly substituted for
another similar unit in a receiver un-
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der test. It is particularly useful
where you suspect an AF resistance
coupling unit as a noise source. Four
leads would be needed and before
using this unit the four connections
of the coupling unit you are substi-
tuting for should be removed. The
four test leads should then be clipped
to the proper points in the receiver
circuit. In this way you can substi-
tute for the entire AF coupling
medium between the plate of one tube
and the grid of the following tube.

Other types of substitute circuits
can be arranged for the work bench
but those described in the foregoing
are the most practical and most often
used. As pointed out before in this
lesson, the exact main panel arrange-
ment should be left to the desires of
the individual serviceman. The cir-
cuits and instructions included here-
with are mainly guide posts and you
should decide on what should be in-
cluded on your main test panel based
on your particular need and local
conditions.

Lettering for Your Sectional
Panels

Regardless of the way you arrange
your main test panel its sectional
panels should have legible lettering
for the various controls. This is de-
sirable both from the viewpoint of
appearance and convenience. Also if
you have hired help working in your
shop it will be very necessary to have
all controls lettered—it avoids mis-
takes and in general makes for better
efficiency.

There are several ways to letter or
label controls and you should select
and use the system which is most
easily available to you. The most
economical method is by use of the
typewriter. Type your lettering on
stiff index card stock. This can be
obtained from stationery stores and



paper supply firms. A good weight
to use is known as [ 10 pound stock.
Keep the letters as close together as
the typewriter will allow. Use ab-
breviations as much as possible for
this will keep the lettering to a mini-
mum space which you will find de-
sirable where several controls are
grouped together on a small sectional
panel. If you are good at hand let-
tering or have a friend who can do
this work, it will be better than the
typewriter method. The letters can
be made heavier and more legible and
can be made in the form of circles and
angles which is difficult to accomplish
on the typewriter.

Once you have all of your lettering
complete the next problem is to get
this lettering mounted in the proper
position. This can be accomplished
in different ways. If your sectional
panels are made from wood, small
brass wood screws can be used to hold
the paper or card stock in place. If
your sectional panels are made from
bakelite, metal, or other hard surface

| A

for manuals, manufacturers literature, etc.

materials, machine screws can be used
for mounting the control labels. Just
drill proper size holes in the panel,
insert the screws from the front and
tighten on nuts on the rear side of the
panel. Whatever your method of
mounting the control labels, they
should be protected by using a trans-
parent covering. This may be cellu-
loid or clear cellulose tape. This
will keep all dirt and finger marks
from soiling the paper or index stock
on which the lettering is printed. If
you use celluloid, it can be cut to the
same size as the control labels and
both celluloid and label mounted at
the same time. Cellulose tape is
transparent and may be stuck directly
over the labels since one side of it has
a form of cement coating.

All circular controls such as rotary
selector switches should have a cir-
cular type of control label. This
can be cut large enough to extend out
away from the control knob. The
lettering on the label should be ex-
actly opposite each switch position.

ES &

m |

%
T % —

Here is a simple work bench layout. Adequate space is allowed on a shelf above the working area
Many Sprayberry students often start their own repair

business with less space than is shown here—the important point is to have it organized properly.



FIG. 11

If desired a center hole may be cut
in the label which will fit over the
shaft of the switch or other type con-
trol. The mounting nut for the con-
trol will then hold both control and
label in place. It will be necessary
to mount the label in the exact posi-
tion so its lettering will coincide with
the switch positions. Figure 11
shows how lettering or labels might
be arranged for a resistor substitute
circuit such as Fig. 8.

If you want a more elaborate and
expensive lettering system for your
sectional panels, commercial engrav-
ing may be employed. Most ma-
chine shops have an engraving ma-

chine which will do this type of work.
It will engrave metal or the softer
panel materials such as bakelite, hard
rubber, etc. In employing this type
of service, you must furnish the
machinist with an exact drawing,
showing positions of all lettering.
The lettering may be done directly on
your sectional panel or it can be done
on metal or bakelite strips—the strips
being mounted to your sectional
panel. If you decide to use engraved
lettering, try and be on hand while
the lettering is done so you can show
the machinist exactly what you want.

Main Panel for Work Bench

The main test panel for your work
bench should be designed to fit the test
equipment you have on hand or that
which you expect to obtain in the
future. Figure 12 shows a typical sur-
face layout for the main panel of a
radio repair or work bench. This
panel should extend up vertically
from the back of your bench—de-
signed to fit against a wall. The bot-

FIG. 12
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tom frame for the panel should be

{ \! FLUORESENT wider than the top so as to give a slop-

LIGHT FIXTURE ing effect for the front of the panel.

See Fig. 13 for an end view of this

effect. A sloping panel makes an ex-

cellent appearance and glare from
lights is reduced to a minimum.

To return to Fig. 12 again, the
sections labeled A through I are the
(WORK BENGH TOP, sectional panels or shelf sections for
i the main panel. The two heavy hor-
izontal lines in Fig. 12 are shelves
which are to be cut and fitted to the
slope and angles of the panel frame
work. Note these shelves must be
square with the front of the panel.
See Fig. 13 for an end view of the
shelves. The frame for the main
panel may be made from 2x2 lumber.
If you are not accustomed to this type

of work, enlist the services of a car-
FIG. 13 penter to help with the cutting and
fitting of the frame.

=\ PANEL FRAME

BOTTOM
/

This view shows a section of a work bench and test panel. Switches and power outlets are at the
front edge of the bench and as explained in the lesson this is very convenient. Note the use of a
large meter which permits easy reading at head and shoulder level. Courtesy of Radio News.
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Here is a three man work bench with all test equipment portable so it can be moved about on the

bench as needed. This is often desirable where several men must be working at once.

In this case

racks are often built along the back wall on which different pieces of *est equipment may be zon-

veniently placed.
of Sylvania.
Note in Fig. 12 nine sections are
shown. Remember, too, this is not
a strict pattern for you to follow-
you mav use more or fewer sections,
depending on your individual require-
ments. The three bottom sections
labeled G, H, and I should not con-
tain sectional panels but should be
left open to accommodate your main
test instruments such as signal gener-
ator (test oscillator), tube tester,
multimeter or other type of meter
tester. These instruments need to be
portable for you may have to take
them out on a job or you may find
it necessary to move them to a more
convenient spot on your work bench.
Sections D, E, and F may be sec-
tional panels to accommodate substi-

In this photo spare speakers are hung on nails above the workbench. Courtesy

tute circuits such as those described
for Figs. 1, 2, 3,5, 6,7,and 8. How-
ever, sections D, E, and F need not
be used exclusively as sectional panels.
For instance E might be an open book
shelf. You will need a shelf of this
type for diagram manuals, bocks,
catalogs, and other literature. This
shelf should be within handy reach
from where you stand at the bench
so position E would be a convenient
spot for your book shelf.

Sectional Panels A, B, and C will
be located at the top of your main
panel so units not used very fre-
quently should occupy these spaces
In this connection, the top row of
panels should not be located so high
that you have to crawl up on the work



bench in order to get at the units lo-
cated there. No sectional panel on
your main panel should be so high
that it cannot be reached with
your hands. If for some reason you
require a main panel so high that you
cannot reach the top sections with
your hands, then try and use the top
section for storage or for something
you do not need frequently.

It is not necessary to restrict one
section of the panel to one test unit
or substitute circuit. For instance,
the circuits of Figs. 7 and 8 do not
require much space and for this rea-

son, both circuits might be mounted
on one sectional panel. Also wide
latitude may be allowed for the size
of the sectional panels. They may be
large or small depending on indi-
vidual requirements. The various
sections of the panel need not be the
same size although the appearance of
the complete panel may be more pleas-
ing if the panel sizes are the same or at
least symmetrical.

The Bench Top and Frame

The work bench frame should be
made from good 2x4 lumber free
from knots. This part of the com-

Above is shown another three man work bench. Note here no main test panel is used. A shelf at
the rear of the work bench is used to hold test equipment, spare parts, manuals, books, etc. The
lower part of the bench is entirely enclosed but note the bottom of the cabinets are above the

floor thus allowing foot room. Courtesy of Sylvania,
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"ING SPACE ON
BENCH
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FIG. 14

plete bench may take several forms
and its final arrangement is left to the
individual who will use it. How-
ever, we will point out some gen-
eral principles which it would be well
to keep in mind. First consider the
height of the bench top—this should
be made to fit the individual, for it is
very uncomfortable to work at a
bench which is either too high or too
low. The final height should be
selected keeping in mind the height of
the stool or chair to be used at the
bench. What you want to avoid is
(?XG

a feeling of having to stoop or hump
your shoulders to get at your work
and at the same time you will want
to avoid a height which will prevent
you from bending naturally at the
waist. The height of most work
benches varies from 34 to 40 inches
and no doubt somewhere between
these figures there will be a measure-
ment best suited to your individual
requirements.

The width of the bench top should
be decided on after careful considera-
tion of all of the factors involved.
The main panel at the top rear of the
bench will probably take up from 8
to 12 inches and remember this will
not represent useful working space.
So you should figure that useful
working space statts on the top of the
bench where the main panel ends.
See Fig. 14. Most radio men make
the mistake of having the useful
working space on the work bench too
narrow. When this happens, you will
be cramped for space—you want
enough room on the bench to allow
for the largest type of amplifier or
receiver chassis. We recommend as
useful working space on the top of the
work bench from 20 to 30 inches,
using the wider width if at all pos-
sible.

The length of your work bench

! E91 E3l 2 E 8] 4

°7 e 5
® 8 @16
® 9 ® |7
® 10 ST
=T . STOOL AND

FOOT SPACE ® 19
012 ® 20
13 02
° 14 022

F1G. 15

25



frame will be determined somewhat
by its location in the room in which
it will be used and by the length re-
quired by the main test panel. The
minimum length should be not less
than six feet. You can make it as
much longer as necessity dictates. In
general it will be better to have the
bench longer than needed rather than
being too short. A good compromise
would probably be somewhere be-
tween 6 and 10 feet in length.

The work bench top should be of
a non-metallic smooth surface. It
should be covered with plywood,
masonite or linoleum. The edges of
the work bench should be protected
with some form of moulding made
from metal, plastic or wood. Any
good carpenter can advise you what to
use and how to apply the moulding.

Figure 15 shows a layout for a
typical work bench. This shows a
front view of the bench. Such a
layout need not include as many stor-
age drawers as is indicated here. This
is just merely one idea of a bench
layout. Your own design should be
worked out to fit your individual re-
quirements.

The top section of lumber in Fig.
15 should be a 1x6 or a 2x6. On it
will be located the power outlets and
this piece of lumber should be wide
enough to accommodate electrical
metal outlet boxes without destroying
the supporting strength of the lum-
ber. These power outlets correspond
to those shown in Figs. 2 and 3. It
is better to have these power outlets
(1, 2, 3, and 4) at the front of the
work bench rather than at the rear

Here is shown a good example of the one man shop. Note a sloping main test panel is used and
shelves to the right are used for spare parts and books. A large general purpose meter is mounted
in the center of the main panel. This permits quick continuity testing as such a meter can be quickly

read. Courtesy of Radio News.
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In this shop layout the owner takes advantage of the counter to display merchandise fer sale. In
back of it is the shop work bench and test panel. Similar layouts like this are easily possible where

the radioman wants to include both sales and service.

for then the connecting cords will not
have to lay across the bench top and
so get tangled with other things on
the bench.

Sections 7 and 15 of Fig. 15 should
be flat board pull outs similar to those
provided for an office desk. Thus
when you need a book or diagram
manual for reference at the bench
these pull outs are instantly avail-
able and can be pushed back into the
bench when not in use.

Drawers 8 through 14 and 16
through 22 can be used for tools,
spare parts, test leads, and other items
needed at the bench. Drawers 5 and
6 located in the center are wide enough
for your books in which to keep your

1~
-~}

Courtesy ot Sylvania.

records. These can also be used for
writing stationery aad other office
supplies. The space below drawers
5 and 6 should be left open to allow
room for your feet, chair or stool. If
desired, the ends of the bench frame
and also the back may be enclosed
with plywood.

Laying Out Your Own Work
Bench and Panel

As suggested on other pages of this
lesson, we cannot give complete de-
tails on a specific design of a work
bench and panel because of the many
variations in individual requirements.
If you bave a permanent locarion, you
can make your bench as large and as



permanent as you like. However, if
you expeci to be moving about from
time to time the bench should be as
small and as portable as possible. It
should be so constructed that it can be
moved as a unit or it ought to be con-
structed in sections so it can be taken
apart. For instance, the main panel
ought to be detachable from the top
of the bench. This will make two
large units which can be handled by
two men and can be hauled in the
average truck.

If you have had no experience in
carpenter work, it would be a good
idea to scek the aid of a carpenter or
cabinet maker. Get him to help you
make out a list of materials. Make
complete drawings of the entire set-
up before you start—provide for all
of the details in advance. If you will
do this you will avoid costly mistakes
such as cutting lumber to the wrong
length, ordering wrong sizes, etc.
With the general principles of this
lesson kept in mind, using ideas ob-
tained from photographs shown in
this lesson and obtaining the advice
of a competent cabinet maker or car-
penter, you ought to be able to get
just what you want at minimum ex-
pense.

Illumination for the Panel
and Bench

One important thing you will
want to give consideration is proper
light for both your panel and bench.
It is recommended that you use a
fluorescent fixture at the top of your
panel as shown in the end view in
Fig. 13. You will need plenty of
illumination and fluorescent lamps
provide this most economically. One
fixture for the main test panel will
probakly be enough. However, you
will need one and possibly two more
lamps directly over your bench, de-
pending on its length. Other types

of electric lamp fixtures may, of
course, be used for both the panel and
bench. However, most of these other
types are less efficient than the fluores-
cent type and produce more glare.

Antenna and Ground Connections

You will need good antenna and
ground connections at your work
bench. Erect an antenna according
to the directions given in your Busi-
ness Builders. Insulate it well and
keep it in first class condition for you
will want the very best at your bench.
The antenna lead-in may terminate
at a binding post on one of your sec-
tional panels. Many radio men con-
nect the lead-in to a 14 inch metal rod
running horizontal to the main test
panel. In this way an antenna con-
nection is provided along the entire
length of the bench. A test lead may
then be clipped to the metal rod and
thus an antenna connection is quickly
provided. This metal rod should be
mounted high up on the main test
panel where it will not interfere with
other functions at the bench. A
metal rod may also be provided in a
like manner for the bench ground
connection. Separate this ground rod
from 6 to 10 inches from the antenna
rod. In connecting to ground, try
and connect to a cold water pipe in-
stead of pipes used for heating or one
used for a hot water line.

If you use a cement floor or other
type of floor which may conduct elec-
tricity, it is imperative that you put a
rubber mat or other insulating type
of mat in front of your work bench
to stand on. At times, you will no
doubt touch a live wire with your
hands or with other parts of your
body. If the floor you stand on is in-
sulated, the electrical shock from con-
tact with live wires will not be near
so effective as it will while standing
on an electrical conducting floor.



These questions are designed to test your knowledge of this lesson. Read them
over first to see if you can answer them. If you feel confident that you can, then
write out your answers, numbering ther to correspond to the questions. If you
are not confident that you can answer the questions, re-study the lesson one or
more times before writing out your answers. Be sure to answer every question,
for if you fail to answer a question, it will reduce your grade on this lesson.
When all questions have been answered, mail them to us for grading.

No.

No.

No.

No.

No.

Questions

| In what way are the substitute circuits on the main test panel connected
to a receiver under test?

2 What is the best power source to be used for automobile receiver testing?
3 What three types of AC power should be available at your workbench?

4 What types and ranges of meters are desirable for a workbench when
testing automobile receivers?

5 What protective devices should be included in workbench wiring?
6 What are the three main purposes of a workbench wattmeter?
7 Why is a series lamp bank used and what are its advantages?

8 Under what conditions of testing will you find an adjustable condenser
bank useful?

9 What tests can be made with an adjustable resistance bank?

. 10 When will you have need to use a substitute speaker arrangement?

29
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RADIO AND TELEVISION
CIRCUITS
LESSON TV-2

METER




LEARN TO KNOW YOUR BASIC CIRCUITS

A radio or television repair problem can almost be reduced to the
simple formula of a “game of checkers" if you know your basic circuits
and how they react to different types of tests.

This lesson discusses these basic circuits for you in considerable de-
tail, explains how to test them and tells how they should react for either
normal or abnormal conditions. Thus, in every radio and television cir-
cuit there are tubes of various types involved. These all have in a vary-
ing degree (depending on tube type) filament, cathode, grid, screen
grid, suppressor grid, plate and other tube element circuits. With these
circuits will be associated condensers, resistors, inductances, switches,
etc. Thus, for any type of receiver defect, the correction of it merely
becomes a matter of seeing that a given part is in good condition and
then going on with tests on other parts until the defect or defects are
found. Then with replacements or adjustments made the receiver will
act in a normal manner.

All of this applies with equal force to all receivers whether they be
of the AM, FM or Television type. To find defects in these cireuits,
meters must be used. There are two general methods in wide use for
testing these circuits. The older method known as analyzer testing is
rapidly losing favor because of its limited applications — in fact this
method is used very little in television testing. The second method of
testing which this lesson describes is known as multimeter testing and is
equally effective for AM, FM and television testing. In this latter method
you actually connect the meter test leads to the circuit to be tested
yourself whereas the analyzer connects the meters usually by multiple
switching.

It will be well worth your time to study this entire lesson in detail
for an understanding of the older analyzer method will help you apply
the newer multimeter method better in all AM, FM and television testing.

COPYRIGHTED 1955
BY SPRAYBERRY ACADEMY OF RADIO
CHICAGO, ILLINOIS
K 1552M




VST ——ry—

/ /
‘ il 4 y b |
‘4 - C-h’ v “ .~ ee 3 . - ° . - - -
o Lo i o () 0

).

- (&)=

The above view shows an analyzer of special design. It employs five meters making it possible
to obtain five simultaneous readings. This is only & panel view and *he necessary plug, cable and
adapters are not shown. This lesson explsins how insiruments of this kind are used in radio analysis

work,

METER MEASUREMENTS IN RADIO AND
TELEVISION CIRCUITS

Lesson TV-2

The history of diagnosing receiver
defects is very interesting but will not
be given here since it would require
too much space. Many forms of elec-
trical indicators have been used to in-
dicate conditions in radio circuits.
The most successful and widely used
indicator has been the electrical meter
because it may be made to read directly
in terms of voltage. current, resistance,
watts, etc. The basic meter method
of measurement has taken two forms.
The first and older form is known as
the analyzer method. In this system
the circuits of the receiver under test
are extended (from the tube sockets)
by means of a plug and cable arrange-
ment to a measuring circuit known
as an analyzer. Then by means of
switches or jumper wires, meters are
connected to the tube circuits which
permits voltage and current measure-
ments to be made. In this method re-
sistance measurements (ohmmeter sec-
tion of meter) are made by use of two

test leads which may be connected to
the ohmmeter circuit by means of tip
jacks and switches

The second and most widely used
method makes use of a basic meter of
the moving coil type. The meter is
called a multimeter or volt-ohm-mil-
liammeter. It 1s usually arranged to
measure both DC and AC voltages in
several ranges; DC current in several
ranges; resistance in ohms in several
ranges (which is a DC measurement)
and in addition many of these meters
are calibrated in mfd. for condenser
measurements: in henries for induc-
tance measurements and in decibels for
gain or loss measurements. Some few
such meters are also calibrated in AC
carrent ranges and combination in-
struments are sometimes calibrated te
test tubes in terms of good and bad.
Regardless of the form of the measur-
ing circuit and by whatever trade
name it may be known, it will include
tip jacks for test leads, a switching



circuit and a basic moving coil meter
fitted with a rectifier to permit AC
measurements.  Since this type of
meter circuit is most often called a
multimeter, we will refer to it as such
and will henceforth call it a multi-
meter.

The analyzer method is convenient
in that it permits measurements from
the top side of the receiver chassis
whereas the multimeter method in
general requires that measurements be
made from the underside of the chas-
sis.  With the growth in complexity
of circuits and because the long cable
leads of the analyzer introduce oscil-
lation problems in tuned circuits, the
analyzer method of receiver analysis
has gradually given way to the multi-
meter method. However, both
methods are acceptable, and be-
cause we want you to be able to
handle either method with efficiency,
both methods will be explained in
this lesson.

In general either the analyzer or
multimeter will localize the defect to
a given stage in the receiver under test.
It then becomes necessary to further
trace the defect to a particular part by
use of a continuity tester or ohmmeter
as will be explained in a later lesson.

Analyzer Method of Receiver

Analysis

Before you study this subject in de-
tail you should have a clear idea of
what constitutes a radio analyzer.
Broadly speaking, it is a radio circuit
test instrument which includes at least
one electrical meter and sometimes
more than one meter. If only one
meter is employed, it is usually of the
multimeter type. That is, current,
resistance, and sometimes capacity, in-
ductance, and decibel scales are pro-
vided. If only one meter is used a
copper-oxide rectifier is usually in-
cluded in order that AC voltage and

current values may be measured.
Other analyzers may include a sep-
arate AC meter. Thus there will be
two meters. The DC meter in this
case is usually calibrated for DC volt-
ages and current. A multirange re-
sistance scale is also usually provided
for this meter. The second or AC
meter is usually calibrated for AC
voltage and current. In addition,
this meter may also be calibrated for
capacity, inductance and decibels.

At any rate, no matter how many
meters are used, practically the same
measurements may be made with all
analyzers. The only advantage of a
second or third meter is that two or
more measurements may be made at
the same time, and this is often desir-
able. Regardless of how many meters
are used or what may be their arrange-
ment—-all of them basically connect
to switches and circuits which termi-
nate at a universal plug. This plug
is fitted with pins exactly like those
on a radio tube. Furthermore, by
means of special adapters which fic
onto the plug, it is possible to place
the plug into any type of tube socket.
If wires are connected to the pins on
the plug, it follows that the tube cir-
cuits may be extended from the re-
ceiver to a convenient point away
from the receiver where meters may
be connected to the circuits which
permits measurements to be made on
each circuit.

A typical analyzer plug is shown
in Fig. 1. This is known as the octal
type—having 8 pins on its base.
That is, it will fit into any octal type
tube socket. In order that the plug
may fit into any tube socket, adapters
like those shown in Fig. 2 are em-
ployed. The top of each of these
adapters have 8 tube pin holes in them
exactly like those you will find in an
octal tube socket. Fig. 3 shows an
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end view of the top of the adaprter.
Each of these adapters are fitted
with a spring catch and when the
adapter is fitted on to the octal plug
it will be mechanically fastened to the
plug and its metal terminals. Thus,
when an adapter is fitted on to the
plug and both of them are inserted in
a tube socket, the adapter will not be
left in the socket when the plug is
removed because of the action of the
spring catch. While the top of each
adapter is exactly alike, you will note
that the bottoms are all different—
that is, each of them have a different
number of pins on their bases. Figure
2A shows an adapter for tubes which
have 4 pins on their bases. Figure
2B shows one for 5 pin tubes. Figure
2C shows the 6 pin type and Fig. 2D
shows the 7 pin type. There are two
sizes of the 7 pin tubes in general use.
Therefore, to have a complete set of
adapters, both sizes of the 7 pin type

3

are required. Figure 2E shows an
adapter for the lock in type tube
socket. The lock in type tube has
8 pins with a center guide which locks
into place when the tube is inserted
into its socket. The pins of these
lock in type tubes are very small and
thus care must be exercised when in-
serting or removing this adapter from
the socket. As the guide pin is locked
into place when the tube or adapter
is inserted, a slight side pressure must
be used in removing them. Figure
2F shows an adapter for the small
miniature type tube. There is no
guide pin used with the small minia-
ture type tubes and the pins are very
small. Unless you are careful when
inserting this type adapter or tube,
the pins may be damaged. Manu-
facturers of analyzers usually furnish
a complete set of adapters with their
instruments. However, these adapters
may also be purchased separately.

To get a clear understanding of the
function of an analyzer, you must first
be thoroughly familiar with tube
sockets in general use. The seven
types in general use at present are
shown in Figs. 4 and 5, together with
their official pin numbers—standard
numbers adopted by the Radio Manu-
facturers Association—abbreviated
RMA.

The only difference between Figs.
4 and 5 is that the sockets are reversed.
When using an analyzer, you will be
concerned in most cases, with the
number of the pin holes when looking
down upon them-—their top side—
this view is shown in Fig. 5. When
you are examining and testing cir-
cuits on the underside of the chassis,
you will be concerned with the bot-
tom view of the socket pin holes—
this view being shown in Fig. 4.

From this you can see that it is very
necessary for you to be thoroughly



familiar with the tube sockets—both
bottom and top views——particularly
with reference to the numbers of the
pin holes. Many tube manuals and
manufacturers service manuals list the
official RMA numbers and unless you
know just what is meant, you may
lose much valuable time and become
confused while tracing circuits. (See
your ND tube lessons for information
on tube pin numbers).

Many tubes employ a connection
on top of the tube. This top cap is
not connected to any pin on the tube
socket. It, nevertheless, is an impor-
tant circuit and will require just as
much attention as any of the circuits
connected to the tube socket. It, there-
fore, may be considered a special cir-
cuit and a connection is provided for
it in the analyzer. The official RMA
designation for this connection is TC
—meaning top cap or top connection.

From an analysis of Figs. 4 and 5,
you will note that since the numbers
refer to the pin holes into which the
pins of the tubes will fit, these same
numbers also refer to the actual pins

Tl
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on the tubes. Thus, Fig. 4 shows the
bottom view RMA numbers for both
tubes and sockets. Referring particu-
larly to tubes, the numbers of Fig. 4
apply when you are looking down
on the ends of the tube pins.

The basic circuit of an analyzer is
a plug (with adapters) which will fit
any tube socket, a cable with several
wire leads which are soldered to the
pins on the plug and an arrangement
of tube sockets which will accommo-
date any type of tube in general use.
The elements of a circuit of this type
are shown in Fig. 6.

This is a simple parallel circuit.
Note that each wire lead (enclosed in
a cable) from the plug connects to
the same numbered terminal on each
socket. Thus all number 1 terminals
are connected together. The same
holds true for all terminals marked
2,3,4,5,6,7,and 8. The TC cir-
cuit is separate. Its length from the

analyzer panel is enough to permit
placing it on top of any tube which
may be placed in any of the tube
sockets.

OCTAL PLUG ADAPTERS

Fl6. 2
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There are two sizes of TC con-
nectors in general use. Sometimes the
TC connection on an analyzer is a
double unit (to fit either size of TC)
and in other cases, the smaller size TC
unit is in the form of an adapter
which fits inside the larger size. Both
systems permit the proper connection
of both sizes of TC. The plug may
be made in similar style. However,
later types have both sizes of TC
mounted at the top of the plug handle
as shown in Figs. 1 and 6.

FOUR PIN HOLES  FIVE PINHOLES

E/IGHT PIN HOLES

EIGHT PIN LOCK-IN

From a study of Fig. 6, you can
see that this basic test circuit permits
the circuits of any tube to be extended
away from the receiver cabinet. The
usual practice is to employ a wire
cable from two to three feet long.
This permits placing the analyzer box
or cabinet on top of the receiver cab-
inet or on the floor while measure-
ments are made.

The circuit of Fig 6, of course,
makes no provision for measurements.
It is simply the basic extending cit-
cuit. Figure 7 shows one type of a
very simple analyzer circuit. The
socket in the lower right-hand corner
fits a special plug attached to the ana-
lyzer end of the cable. The five tube
sockets are arranged as explained for
Fig. 6. At the left end, tip jacks are
provided. These are marked J1 to
J8. These pin jacks are of the double
contact type—that is, each one is so
arranged as to permit the series connec-
tion of a milliammeter in each circuit.
Thus when the test lead (special type
with two wires) from the milliam-
meter is inserted into the hole of any
one jack, the circuit is automatically

SIX PIN HOLES SEVEN PIN HOLES

SEVEN PIN MINIATURE

8OTTOM VIEW OF SOCKETS

FI16. 4
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opened and the meter is in series with
the circuit. By connecting another
type of test lead to the jacks, voltage
measurements may be made.

When using a circuit of the type
shown in Fig. 7, you shift the multi-
meter leads around by hand—that is,
by inserting the leads in different tip
jacks. This is sometimes a slow
method but it has its advantages. In
the true analyzer, the various shifting
of the multimeter leads is accom-
plished by means of switches. Thus
all measurements may be quickly
made since the turn of a switch
quickly connects the meter the way
you want it connected. This type
of circuit is shown in Fig. 8.

While at first glance this may seem
to be a complicated circuit—it is not.
It is a simple parallel circuit—that is,
all numbers on the switches and tube
sockets are connected in parallel.

The meter for this circuit is not
shown simply because it is not an
essential part of the analyzer switch-
ing circuit. Any multimeter circuit
such as the one shown in Fig. 9 may
be connected to terminals A and B of
Fig. 8 to serve as the indicating instru-

ment. The meter may be of low,
medium or high sensitivity. Also, it
may be incorporated as an integral
part of the analyzer or it may be a
separate external unit with provisions
for connecting to a circuit similar to
A and B of Fig. 8.

The chief difference between Figs.
7 and 8 is that in Fig. 8 three switches
have been added. These make it pos-
sible to measure both current and
voltage in any circuit of the analyzer.
Switches S1 and S2 are separate and
independently operated. They are of
the single deck type having 10 fixed
terminals and one rotating member.
Such switches as these are known as
the rotary type. By turning the mov-
able member it will in turn make
electrical contact to each of the fixed
terminals. Since the multimeter leads
are connected to the two movable
members of both switches it follows
that the voltmeter leads may be con-
nected between any two circuits by
setting the switches as desired. In
this way the voltmeter is not limited
in its application. Since the volt-
meter leads are free to be connected to
any tube circuit this system is often
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called the free reference method of
connecting the meter leads.

Thus, if you wanted to connect
the voltmeter between circuits 3 and 8
(a plate voltage measurement for a
6L 6 tube), switch S1 (positive meter
lead) would be set to 3 and switch
S2 (negative meter lead) would be
set to 8. Other voltage measurements
would be made in a like manner using
standard RMA tube pin numbers as
a reference.

In the commercial analyzer all
identifying numbers and letters are
engraved on the analyzer panel near
the switch control knobs. Some of
the commercial analyzers also provide
many auxiliary measurements and
may even be combined with other
test units such as a tube tester or signal
generator. In all cases the manufac-
turer’s instructions should be fol-
lowed.

This section of this lesson is not
intended to show you how to operate

6

all analyzers, since this is adequately
covered in the manufacturer’s instruc-
tions. Between the section of S3 in
Fig. 8. the small circuit breakers are
used to open the leads between the
two sections and insert a milliam-
meter in the circuit.

Fundamental Analyzer Principles

Before going further, get the two
following fundamental principles
firmly fixed in your mind. Always
remember: (1) An analyzer connects
a voltmeter across positive and neg-
ative polarities in a circuit to measure
voltage. (2) An analyzer connects a
milliammeter in series with a circuit
to measure current.

There will be more about current
measurement later. To return to volt-
age measurements and positive and
negative polarities—when a certain
circuit element is referted to as positive
or negative, reference is not always
made to the source of power. A con-



sideration of Fig. 10 will make this
clear. A and B in this figure repre-
sent the source of power. A is posi-
tive—DB is negative. Now consider
from A to E with respect to B; any
point between A and E is positive
with respect to B. Now remember
this: with respect to C, D is negative.
At the same time D is positive with
respect to E.  From this it can be seen
that polarity is relative and that one
point may be both negative and posi-
tive with respect to two different
points. This is a fundamental prin-
ciple, be sure to remember it.

The point where current enters a
resistance or a circuit is negative. If,
then, the point where current enters
a circuit is negative, the point where
current leaves a circuit must be posi-
tive. Circuit is used in a general sense
here to denote a resistance, coil or
other conductor.

Another very important point to
remember is that an analyzer has cer-
tain limitations as to the connection
of its meters. The switches allow only
certain fixed connections. (This refers
to making a measurement with the
plug in the tube socket. It is, of
course, always possible to use the ex-
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ternal leads of the analyzer voltmeter
to measure across any two points).
Usually the switching system is so ar-
ranged that the voltmeter negative
terminal is connected to some one
point, and all voltage measurements
are made with reference to this one
point. (Another limitation of the
analyzer),

In older analyzers this reference
point is usually the cathode in tubes
having a cathode and to the filament
in other tubes. This limits the use
of the analyzer, and is a real handicap
where tubes were manufactured which
have their cathode connection to some
pin other than the usual cathode pin.
The analyzer, of course, connects the
meters to the same pin regardless of
the type of tube being tested (unless
a free reference switching system is
employed). If tube manufacturers
make a tube with a cathode terminal
where the grid is usually employed
the older type of analyzer will not
make proper measurements on th.s
new tube. In this case, where refer-
ence is made to the negative meter
terminal being connected to either the
cathode or filament, the circuit ele-
ments referred to are those circuits
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usually employed for these elements.

The later type analyzers use a free
reference system. That is, the nega-
tive of the voltmeter can be connected
to any tube socket terminal and also
to ground. This works particularly
well with the octal base tubes, since
pin No. 1 is usually a ground connec-
tion and all voltage measurements can
be made using this point as a refer-
ence.

Now consider Fig. 11. Suppose
you have made a plate voltage meas-
urement on tube A, and you find it
to be 180 volts. Suppose too, you
make the same measurement on tube
B. Ordinarily you would expect the
voltage for this tube to be about the

same as that of tube A, since the volt-
age for both tubes is applied from the
same common positive circuit. If
ground or the chassis is used as
the common reference point, you will
not obtain the same plate voltage read-
ing for both tubes. If the separate
cathodes are used as the reference
points, you will still no¢ get the same
reading for both tubes. Notice the
connections of these two cathodes.
The cathode of tube A connects to
ground (through bias resistor R1)
while that of tube B connects to the
voltage divider at a point which is
positive with respect to the cathode
connection of the other tube. There-
fore, tube B will have less plate volt-
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age than tube A. i hus the point be-
ing used as the reference in any re-
ceiver must be taken into considera-
tion.

This is easy to see when you study
Fig. 11. However, in a complete
complicated radio circuit, it might
not be so apparent. You must always
have it clearly in mind where the neg-
ative of the voltmeter is connected so
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that you will know between which
two points you are measuring volt-
age.

Some of the older analyzers have
a switch to change the negative ter-
minal of the voltmeter from cathode
to filament. In others, the change is
automatic. In later analyzers, the
lead from the negative terminal of the
voltmeter is usually definitely made
the reference point. It is arranged to
connect to any of the analyzer circuits
just as for switch 82 in Fig. 8. Next




consider the connection of the posi-
tive side of the voltmeter.

In general it has several variable or
possible connections. It may be con-
nected to the plate, screen grid, control
grid, suppressor grid, filament or any
other element of a tube circuit.

To be quick in your analysis of re-
ceiver defects, you must learn to get
a mental picture of the connections of
the analyzer voltmeter regardless of
the measurement you are making. For
instance, if you are measuring screen
grid voltage on a 6K7 tube, you
should immediately visualize the volt-
meter as being connected between the
screen grid and cathode or ground—
even though you connect to pin nam-
bers rather than to certain tube ele-
ments. When you are able to do this,
you will also visualize the screen grid
as positive and the cathode as negative.
You should know that a voltage
probably exists between these two
points, and that you should be able
to measure it with a voltmeter.

In analyzers using the cathode as
the common reference point, it will
sometimes be necessary to connect the
positive side of the voltmeter to the
cathode. Iu this case, some method
of reversing the polarity of the meter
must be used. This is often accom-
plished by a reversing switch, al-
though some of the earlier analyzers
automatically reverse leads when test-
ing control grid arcuits of certain
tubes.

If the ground is used as the com-
mon reference point for the voltmeter
it is seldom necessary to reverse the
leads. since it is usually the most neg-
ative point in the circuit although this
is not always true. Such a case will
be found in measuring the grid bias
of the power tube. In the design of
the receiver circuit this voltage is usu-
ally obtained by placing a resistor be-
tween B negative and ground. This
makes ground positive with respect to
B negative. In any case, polarity must

s |——l




always be observed when making a
voltage measurement.

Thus you must have a clear mental
picture of the two points between
which you are measuring voltage and
be sure that the voltmeter leads do not
need reversing. If the leads are not
reversed, the meter will try to read
backward or off scale. This may
damage the meter, or it may not be
noticed and give you the impression
that there is no voltage between the
two points under test.

When the cathode or filament is
used as the common reference point,
the analyzer voltmeter will be con-
nected by its switches as shown from
Figs. 12 to 17. These figures show
bottom views of 4, 5, 6, 7, and 8 pin
tube sockets. Figure 12 shows the
analyzer voltmeter connection for a
4 pin socket with polarity of the ana-
lyzer voltmeter properly indicated.
M1 in Fig. 12 measures DC filament
voltage. Although separate meters
are shown for these circuits, in reality
only one meter is used in the average
analyzer. The analyzer switches con-
nect a single DC voltmeter from one
point to another in the circuit under
test.

Note when a negative voltage meas-
urement must be made the polarity
of the meter is reversed with respect
to the cathode or filament. For in-
stance. for a plate voltage measure-

ment the positive of the meter con-
nects to the plate and the negative to
the cathode. In a negative or control
grid voltage measurement, the positive
of the meter must connect to the
cathode and the negative of the meter
must connect to the control grid.

The socket of Fig. 16 is for all
small base 7 prong tubes, such as the
6A7. Since such tubes as this have
a TC connection on top of the tube,
and since tubes that fit the type of
socket shown in Fig. 15 do not have
a TC connection. Fig. 16 will have
one more circuit than 15, even though
both sockets have the same number
of terminals.

Not all of the octal base tubes have
8 pins although any of them will fit
in the 8 hole socket. Figure 17 is for
the 6K7 and other tubes, which have
pin 6 vacant. However, the same
principle will apply to all octal base
tubes and they are not unlike other
types of tubes.

Some of the older analyzers do not
have facilities for making measure-
ments on all the circuits, but a free
point tester will make measurements
on any receiving circuit. This type of
analyzer is recommended. To make
measurements on all circuits, your
analyzer should have a 9 wire cable
with an octal plug.

Since most present day repairing
is done on AC receivers assume meter
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M1 of Figs. 13 to 17 to be an AC
meter. All other measurements for
these figures are considered to be DC.
In Fig. 13, meter M2 for most tubes
is connected for a plate voltage meas-
urement: M3—negative grid voltage
or positive screen grid voltage depend-
ing on polarity; M4—cathode voltage
(that which exists between cathode
and filament) and M5—negative con-
trol grid voltage. In Figs. 14 to 17,
meter M3 for most tubes for plate
voltage: M4—Figs. 14 to 17 is con-
nected for a suppressor grid voltage
for most tubes: M5—Figs. 14 to 17
is connected for cathode voltage: M6

Figs. 14, 16, and 17 is connected
for control grid voltage: M2- Figs.
14 to 17 is connected for screen grid
voltage: M7-—Fig. 16 is connected
for voltage which is applied to pin
No. 4.

Please understand that in modern
circuits of various types, the tube ele-
ments may be connected in various
ways-—a positive connection i(n one
type of receiver may be a negative
connection in another type of re-
ceiver. In view of this. the meter
connections shown in Figs. 12 to 17
might not always hold true. How-
ever. these figures do show how the
analyzer normally connects the meter
or meters for various measurements.

If the ground is used as the com-
mon reference point, the meter will
be connected in much the same way
as Figs. 12 to 17, except that the
negative connections will be to ground
instead of to the cathode. The con-
nection of the meter to the filaments
will. of course, be the same. That is,
from one heater pin to the other
heater pin.

It is suggested if you use an ana-
lyzer that you study Figs. 12 to 17
until you have memorized them.
Then make it a practice to visualize
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the meter as it is actually connected
to the circuit. This is to be done
every time you use the analyzer. If
you will do this, you will find your
work becoming easier, and you will
soon learn to name almost the exact
cause of the trouble without taking
the chassis from its cabinet.

Now that you understand the fun-
damental DC voltmeter connections
as the analyzer makes them, you are
ready to study the actual use of the
analyzer. What follows is intended
to help you interpret the analyzer
readings in terms of normal or ab-
normal receiver operation.

Interpreting Analyzer
Measurements

Note in Figs. 18 to 23, resistors
are used to represent the load on the



plate and grid circuits. Actually these
may be coils, transformers, chokes, or
any other form of impedance. In any
case, the same principles apply. The
battery in these figures represents the
high voltage DC power supply, while
the plate by-pass condenser may rep-
resent either the filter condenser sys-
tem in the power unit or one or more
of the regular plate circuit by-pass
condensers.

Filament Voltage

Consider Fig. 18. This represents
the AC voltmeter (V) filament con-
nection as the analyzer would make
it for any type of receiver. You will be
interested in what might cause high,
low or no voltage to be indicated on
the AC meter. If the meter shows
no voltage. you can be almost positive
the filament circuit is open. A con-
tinuity check (ohmmeter with test
leads) will enable you to prove or
disprove the diagnosis. (A later lesson
will take up continuity testing). It
is assumed. of course. that AC volt-
age is applied to the primary of the
power transformer. The pilot light
or the lighted tube filaments should
tell if this is true. If the voltage is
low. any part of the filament circuit
may be shorted or grounded. or the
line voltage may be low.

If the filament voltage is high. the
secondary winding of the power
transformer may be shorted to an-
other secondary or to the primary, or
the line voltage may be high. Make
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a continuity test with your ohmmeter
for shorts and grounds. Use the high
range of your AC voltmeter to check
the line voltage. Keep in mind, how-
ever, that the primary circuit may be
partially shorted or grounded, which
might also cause high or low sec-
ondary voltage.

Cathode Voltage

Now consider Fig. 19. In this cir-
cuit. the analyzer meter connections
are arranged for the measurement of
the cathode-to-filament voltage.
Again, what conditions could exist to
cause low, high or no voltage? Con-
sider low voltage first. Since the
cathode voltage in this case depends
on the plate current of the tube (by
virtue of the voltage drop across R)
a low voltage will mean low plate
current. This. in turn, may be caused
by decreased emission. low plate or
screen grid voltage. or the rectifier
tube may not be supplying sufficient
voltage for the entire receiver. An in-
dication of no voltage between cath-
ode and filament will be obtained on
the meter if condenser C in Fig. 19
is shorted. since R then will also be
shorted. High cathode voltage is usu-
ally caused by an open bias resistor.
Since the meter will then be taking the
place of the bias resistor. and since it
will likely have a higher resistance.
the voltage drop across it will be
greater. This will show up especially
if the negative of the voltmeter is
connected directly to ground. No
cathode voltage will indicate one or
more of the following: No plate
voltage, open plate circuit, or con-

denser C or C1 in Fig. 19 shorted.
Control Grid Voltage

In the years gone by most tubes
employed one grid only. Nearly all
of the present day tubes have more
than one grid. In nearly all cases,
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one of these grids has a negative volt-
age applied to it. This grid, then, is
the control grid because it controls the
action of the tube. Therefore, when
reference is made to the control grid.
no one type of tube is referred to but
rather all types. since all amplifying
tubes employ a control grid.

Now consider Fig. 20. This shows
the analyzer voltmeter connections for
2 control grid measurement. The tube
may be any common type. In any
case, the same principles apply. Ana-
lyzing this circuit. you will find that
many conditions could exist to cause
high, low or no voltage. R2 in this
circuit might easily be a 500,000 ohm
grid leak in a resistance coupled stage.
Should this be true. would the volt-
meter indicate correct voltage? [t
would not. If R2 were a low resis-
tance coil, then correct voltage would
be indicated. However, since, it is a
high resistance. the needle of the volt-
meter will only move slightly. If you
will examine Fig. 21. the reason for
this will be readily apparent. This
figure gives a better electrical picture
of the actual condition of a circuit ar-
ranged like the one of Fig. 20. You
will now see that R2 of Fig. 20 is
nothing more than a high resistance
in series with the voltmeter. Now
what happens when a high resistance
is connected in series with a voltmeter?
You will remember from one of your
earlier lessons that its range is merely

extended.

If the tube in Fig. 20 is a 6C5 you
would not expect the grid voltage to
be more than 8 to 10 volts. There-
fore, in measuring it you would use
the 15 volt range of your voltmeter.
This would make the meter resistance
equal to 15,000 ohms, if the meter
were of the 1000 ohm per volt type.
But note R2 is also in series with the
meter, as shown in Fig. 21: This
makes 515,000 ohms in series with
the meter. T hus you have automat-
ically changed the range of the volt-
meter from 15 volts to 515 volts,
(1000 ohms per volt). This same
condition holds true if the measure-
ment is made in a plate circuit, em-
ploying resistance coupling. T he
high resistance is still in series with the
meter.

Now what happens when you try
to measure a low voltage with a high
range meter? If you have ever tried
this. you know that the meter needle
just barely moves. Thus you can get
no more idea of the actual value of the
voltage in the circuit than before you
made the measurement. Consequently,
you can see even though you make
this measurement, it does not mean
anything. Yet, under normal condi-
tions, the true and correct voltage is




This is another view of an analyzer. This one employs two meters,

Jewell 408 and 409 models.

It is a revised version of the

Plans for the construction of such models as this are no longer avail-

able. Each servicaman will need to work out his own design if he plans to use such a unit.

actually applied to the control grid.
This could be proven by shorting R2
and making the measurement, or you
can use the external leads of the volt-
meter and measure the cathode volt-
age across R in Fig. 20 or 21 which
is the same as measuring the control
grid voltage. This limitation may be
overcome by using a meter with a
higher internal resistance or by using
a vacuum tube voltmeter as will be
explained in a later lesson.

It is quite possible that C of Fig.
20 may be shorted. This, of course,
would result in no control grid volt-
age. However, with an analyzer you
can prove whether or not C is shorted.
Simply switch your milliammeter in
the circuit to measure the plate cur-
rent. If current is high (above nor-
mal) you can be sure C is shorted.
This is true because R will also be
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shorted which means the tube will
not have a negative voltage.

If R of Fig. 20 happens to be open
and a control grid measurement is
made, the meter will show a very
high value. The reason for this is
that the voltmeter is taking the place
of the regular bias resistor. The mo-
ment the meter is connected across
the circuit, the cathode circuit is com-
pleted, and a small current flows
through the tube (limited by the re-
sistance of the meter). This same
current in turn, also flows through the
meter, and since it is a high resistance,
a large voltage drop occurs across it.
Therefore, you will get a very puz-
zling condition of high control grid
voltage. The problem becomes more
puzzling when a plate current meas-
urement is made. for the meter will
show no curferit. Whenever you have



a condition of high grid voltage and
no plate current, then you may be
positive the bias resistor is open.
Another common condition—the
plate current is high and the control
grid voltage is positive instead of neg-
ative. Where this condition is met,
always check the coupling medium
ahead of the control grid circuit in
question. The chances are this coup-
ling device is leaking current, causing
a positive voltage from the preceding
plate circuit to be applied to the fol-
lowing control grid circuit. Consid-
eration of Fig. 22 will make this
clearer. Suppose C is leaking a DC
current. If the voltage drop across
C is greater in value than the negative

voltage applied to Cg, the Cg will be-
come positive. The plate current of
the tube becomes high and R1 may
burn out. R may also burn out under
this condition. Current leaking
through C must start at ground, and
its only path is through R. This re-
sistance (R) as a rule is not made to
carry DC current.  Therefore, it be-
gins to heat and soon burns out. This
opens the control grid circuit, result-
ing in a blocked tube—a condition
where little if any plate current flows.
Thus, you readily see that if C leaks
in Fig. 22 or in a similar circuit it
may cause both R and R1 to become
open. Remember that the current
leak is not necessarily through a con-
denser. This condition could occur
in any stage employing any type of
coupling.

Such circuits as Fig. 22 present an-
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other common problem with reference
to R3 and R4. There is always a
current flow through R3 as long as
the cathode circuit to ground is com-
plete. Thus, not only the plate cur-
rent of the tube, but also the bleeder
current through R3 serves to produce
a voltage drop across R4. Should R3
become open. grid voltage will be low
and plate current will be about nor-
mal. Thus there is the condition of
low control grid voltage—yet the en-
tire plate circuit is complete. The
remedy, of course, would be to replace
R3.

There is another condition to con-
sider in this or a similar circuit. The
tube may be so weak that it will not
draw current or the plate circuit may
be open, yet voltage can be measured
across R4. The reason for this is that
there is a bleeder current through R3,
and, therefore, causes R4 to produce
a voltage drop which results in a neg-
ative voltage being applied to the grid
of the tube regardless of whether or
not plate current flows.

When ground is used as the com-
mon reference point, the measurement
of Cg voltage cannot be made in the
usual way. The reason is that the
Cg is nearly always at ground poten-
tial, and is negative with respect to the
cathode because the cathode is positive
with respect to ground. Although
there may be a resistor between the
Cg of the tube and the ground, there
will be no voltage drop across it, be-
cause normally there is no grid cur-
rent flowing. Thus the grid will be
at ground potential. In other words,
the voltmeter must be connected be-
tween control grid and cathode to
measure a control grid voltage.

Plate Voltage and Plate Current

Figure 23 shows how a typical ana-
lyzer connects the meters for plate
voltage and plate current. The same
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meter may be used for both measure-
ments with switches changing its con-
nections. It is always a good plan to
use the highest range of the milliam-
meter first. This gives protection to
the meter should a short or other con-
dition exist that would cause a high
current. You can always use lower
ranges once you know the current is
normal.

It is a good plan to take a final
reading of plate or screen grid current
on the meter range that provides the
greatest needle swing. For instance,
if the current value is about 20 mil-
liamperes, and there is a current range
of 25. then use the 25 milliampere
range. This makes reading of the
meter much easier and more accurate.

The cause for low plate voltage
may be difficult to find. The reason
for this is that any short in the entire
receiving circuit will cause a low plate
voltage measurement. For instance,
R1 or Cl of Fig. 23 may be only
slightly grounded or shorted—vet it
will be enough to cause low voltage
and may cause you to go over the
entire circuit before you find the de-
fect.

There are usually one or more by-
pass condensers associated with the
plate circuit, either in the receiver
proper or across the voltage divider in
the power unit, and as these often
puncture or break down, the result
will be a reduction in the value of the
applied voltage because it short cir-
cuits the power supply,
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Then again, a resistor is usually
used to reduce the plate voltage to the
correct value, and if this becomes
grounded or the condenser across it
becomes shorted, the voltage will be
lowered or there will be no plate volt-

age at all.
You will not always find the
trouble in the stage under test. In

most receivers, several tube circuits are
common with respect to their con-
nection to the source of voltage. Con-
sequently, a ground or short in an-
other stage common to the one under
test may be causing the trouble.

High Plate Voltage

High plate voltage may be caused
by one or more weak tubes (due to
the fact that they don’t draw current,
and as a consequence, the plate volt-
age rises due to the regulation factor
of the power unit) or an open in the
plate circuit proper. or an open in the
cathode circuit. If, in Fig. 23, re-
sistor R becomes open, a plate volt-
age will not be measured by connect-
ing the analyzer voltmeter from plate
to cathode. However, plate voltage
will be indicated if the analyzer meter
is connected from plate to ground.

If the plate circuit is open, no plate
current will be indicated on the mil-
liammeter. The open may be in the
cathode resistor or its circuit. A con-
tinuity test will show whether it is
between the source of power and the
tube socket. If the cathode and plate
circuits are complete from the tube
socket to the source of power, then the
defect must be in the power unit it-
self.

If DC voltage cannot be measured
on any of the tubes, examine the
center tap to the high voltage winding
and the B} lead to the rectifier fila-
ment circuit. Either one of these con-
nections may be poorly made or the
circuit may be entirely open.



Other Grid Voltage Measurements

Figure 24 shows the analyzer con-
nections for a tube employing one or
more extra grids to which a positive
voltage is applied. R is a voltage re-
ducing resistance connected from the
power unit to the screen grid circait.
If C shorts, excessive current is forced
to flow through R. Under such con-
ditions, R usually burns out. Thus
it may be necessary to replace both
R and C to get normal operation
again. R2 in Fig. 24 is a resistance
often used in such circuits to provide
bleeder current for R3 and R4. This,
in turn, causes a large voltage drop
across R3 and R4 which is applied to
the Cg of the tube. If C3 shorts, ex-
cessive current flows through R2 and
may burn it out. C4 is not likely to
short because low voltage is applied to
it, but if it does short, there will be no
Cg voltage. If your meter shows no
screen grid voltage, R is open or con-
densers C or C1 is shorted, provided
voltage is available at the power unit
voltage divider.

(‘4«) "n ’

mrmw

VNS

FI16 24

—

R5 and C4 in Fig. 24 comprise a
filter circuit. If R5 becomes shorted,
it may not affect receiver operation.
However, if it becomes open, there
will be no Cg voltage. Bear in mind
that R2, C3, R3, R4, R5, and C4
may be common to several other
cathode circuits, and, therefore, the
defect may be in one of these circuits
even though it shows up in the cir-
cuit you are working with.

This brings up the point of con-
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sidering the effects of an abnormal
condition in one circuit showing up
in another circuit. For instance, there
may be the condition of low screen
grid voltage. This affects both plate
current and Cg voltage. Again there
is the condition of high plate voltage
which will cause high plate current
and high Cg voltage. Thus, it is
easily seen that you should not t > too
hasty in the final diagnosis of the
trouble. After all, the analyzer does
not always indicate the exact defect.
Your experience and the analyzer
readings may indicate strongly a cer-
tain defect—yet you can never be sure
until you have made careful con-
tinuity tests on the parts suspected of
being defective.

Current Measurements

The ideal analyzer should be cap-
able of measuring the current in any
tube circuit. Nearly all analyzers are
so equipped although many of the
older models could measure current in
only one or two circuits. Much de-
pendence can be placed on the current
measurements—for they nearly al-
ways give a true indication of the
actual conditions in a circuit.

Fig. 25 represents a power tube in
a transformer coupled stage. A mil-
liammeter is placed in all circuits ex-
cept the filament. (An AC ammeter
would also be desirable in this fila-
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ment circuit to indicate any fluctua-
tion of current in this circuit.) Since
a current meter must always be in
series with a circuit, you will imme-
diately know whether the circuit is
complete from the negative of the
power unit to the positive of the
power unit—no current registration
on the meter means the circuit is open.
You will also know that the circuit
is not grounded or shorted if normal
current flows. If it were grounded,
the meter circuit would be shorted—
consequently, there would be no cur-
rent in the tube element circuit under
test.

Meter 1 in Fig. 25, measures the
plate current and indicates if the en-
tire plate circuit is complete. Meter 2
measures screen current, and indicates
if this circuit is complete. Meter 3
measures the combined plate and
screen currents (cathode current), in-
dicating if these two circuits are com-
plete. Meter 4 is not always neces-
sary—yet it is desirable, especially if
the grid is drawing current. At least
if the grid does draw current, you will
know that this circuit is complete.
Most analyzers provide current meas-
urements for the plate and screen cir-
cuits. If your analyzer does not pro-
vide for all current measurements. and
you are interested in measurements
for meters 3 and 4, you can always
connect the external leads of your mil-
liammeter in series with these circuirs
to get the current values.

Rectifier Circuit Tests

Rectifier tests will tell much about
the conditions in a receiver if the read-
ings are interpreted properly. The
usual test with the rectifier tube in
the analyzer socket includes AC plate
voltage and DC plate current meas-
urements. The AC voltage test in-
dicates if correct AC plate voltage is
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applied, if the same value is applied
to both plates, and whether or not
the high voltage secondary is
grounded, shorted. or open. If there
is a ground or short circuit. voltage
will be abnormal. If there is a ground,
short, or open, it is usually necessary
to replace the power transformer (but
make a continuity test of its windings
to be sure about the condition of the
transformer).

The DC plate current measure-
ment of a rectifier is the most impor-
tant because the rectifier plate current
has a direct relation to all other DC
measurements in the entire receiver.
If your voltage measurements on the
other tubes show a low value and
the rectifier plate current is low. the
chances are the rectifier tube is weak
and needs replacing. On the other
hand. if plate voltage on the other
tubes in the receiver is low and the
rectifier plate current high. you may
be sure that a ground or a short cir-
cuited positive circuit exists in the
receiver at some point.

MULTIMETER TESTS

In the multimeter method of test-
ing, the same fundamental measure-
ments are made as in the analyzer
method. However, the accomplish-
ment of the actual measurement by
this method is much different than
when employing the analyzer. When
using the multimeter. you make the
actual meter connections yourself by
hand. By the other method. meter
connections are made by the analyzer
switches. The meter connections of
the analyzer may be limited in their
application, whereas in the multimeter
method there is no limit to the con-
nections you may make. This is the
method employed by radio men in
laboratories and in research depart-
ments of receiver manufacturers. Since



this method is employed by those who
make the most exacting tests, perhaps
you, too. can use the multimeter
method of analysis to advantage.

The primary purpose behind any
method of receiver analysis is to locate
defects quickly and accurately. The
exact method employed is not so im-
portant as the actual location of the
defect, and the quick repair of it.

In the preceding discussion, you
studied about the analyzer method. In
this part of the lesson you are going
a step farther and study about meas-
urements on actual parts of the re-
ceiver circuits, or more particularly
about measurements to be made at the
work bench.

To be able to employ the test
method to be described, the service-
man will require an AC voltmeter
that will measure all values of trans-
former voltages, either high rectifier
plate voltages, or filament voltages in
common use, a multiple scale DC mil-
liammeter and a multiple scale DC
voltmeter. These may be separate
meters or they may be contained in
one unit such as a multimeter.

Voltage Analysis

In Fig. 26 is shown the diagram
of an RCA receiver model T8-14
and C8-15. Thisis an 8 tube super-
heterodyne, using metal tubes and has
three frequency bands. This circuit
will be used as an example of a typ-
ical receiver. The discussion of test-
ing by voltage analysis will refer to
this receiver. The same method can
be applied to any receiver, whether
superheterodyne, TRF, battery oper-
ated, DC operated or AC operated.

You should have meters with the
previously mentioned ranges, and of
good quality. The DC voltmeter
should have a sensitivity of 1000
ohms or more per volt. You will

also want test leads and a soldering
iron, since you may want to make
and break several connections.

The test instructions which are to
follow are best suited to the shop or
test bench. However, the same prin-
ciples are also applicable and may be
practiced in the home of the receiver
owner. In this case, however, it be-
comes necessary to make a work shop
of the owner’s home, which to say the
least, is to be avoided whenever pos-
sible.

Assume the chassis is turned up-
side down before you ready for test-
ing. Since there are so many things
that could be causing trouble, assume
that the entire receiver is dead and
that any part may be at fault.

First measure the AC line voltage.
Turn on the power and place the AC
voltmeter test leads across the primary
terminals of the power transformer.
If you measure voltage of correct
value, you may assume that voltage is
applied to the primary. This, of
course. does not indicate if the pri-
mary is open. However, if the tubes
and the pilot light are lighted, you
will know without testing the pri-
mary that it is not open. There is a
possibility that the primary may be
grounded or shorted, but other DC
measurements that will be described
will indicate if this is true. If you
find everything else in the receiver to
be in good order, yet abnormal volt-
age is measured, you will know that
the trouble is in the primary circuit,
and a detailed continuity test will in-
dicate exactly where the defect is
located.

After making voltage measure-
ments on the power transformer pri-
mary, consider the secondary voltage
measurements. Using an appropriate
voltage range of the AC voltmeter,
measure the rectifier filament voltage



The above photo shows a mode-n multimeter employing several scales. The selector switch in

the center permits the selection of
different measurement functions.

the different ranges.
Test leads are irserted intc these jacks and they in turn are

Note the use of four pairs of jacks for

connected to the circuit under test by hand. Couttesy of Frecision Apparatus Co.

by placing the test leads across this
circuit—Fig. 26. If you find low.
high, or no voltage. give the complete
circuit a detailed continuity test for
ground. shorts. and opens. Do the
same thing for the 6.3 volt or other
filament circuits. It is not often that
you will have trouble with the fila-
ment circuits unless there is a burned
out winding on the transformer. In
this case, replace the entire power
transformer.

Next consider the high voltage AC
circuit. Using the high range of the
AC voltmeter, connect your test leads
across the two plates of the rectifier
tube socket. Suppose you find the
voltage to be 670 volts. Next meas-
ure the AC voltage between the center
tap of the high voltage winding and
each plate of the rectifier. There

2

=

should be approximately 335 volts
across each crcuit. Note that this is
one-half the total AC voltage applied
to the rectifier plates. See Fig. 27.
By making this last measurement, you
cbeck both halves of the high voltage
winding for opens, shorts, and
grounds. all in one operation. If
there is anything wrong with either
circuit between the center tap and the
plate terminals on the tube socket, the
voltage for the two circuits will be
unequal. If you find it to be unequal.
check the circuit for continuity be-
tween the transformer terminals and
that part of the circuit to which these
terminals connect.

If your tests prove the defect is in
the high voltage winding, replace the
entire transformer. Remember that
this test and other similar tests de-
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scribed in this lesson apply to all re-
ceivers, and are fundamental tests that
you will often be required to make.

Direct current voltage measure-
ments are next in order. The greatest
DC voltage value in a receiver is that
which exists between the rectifier fila-
ment circuit (or cathode) and the
center tap of the high voltage wind-
ing. Always remember that all other
DC voltage values in the receiver
should be less than that across the
output of the rectifier.

Fig. 28 shows the power unit cir-
cuit of Fig. 26. Suppose the 10 mfd.
condenser across the output of the rec-
tifier was shorted or was excessively
leaking current. In this case, voltage
throughout the receiver would be low.
A quick way to check this condenser
for shorts or excessive DC leakage is
as follows: First connect your DC

voltmeter between the rectifier fila-
ment circuit and the center tap of the
high voltage winding as shown by
meter VI in Fig. 28. Note the value
of the voltage. Then unsolder one of
the 10 mfd. condenser leads. If the
filter condenser is shorted or exces-
sively leaking current, the voltage
across the output of the rectifier will
now be considerably higher, and the
hum level may increase.

Some rectifier circuits employ three
or four filter condensers. Any of
these may become shorted or they
may have excessive leakage current.
In any case, this voltage method of
measurement will enable you to deter-
mine if any of the filter condensers
are at fault.

Now, if one of these condensers
should be open, it will not affect the
DC voltage to a large extent. It is
true that if the input filter condenser
becomes open, you will have, in effect,
a choke input filter system. This type
of filter gives a lower output voltage
than the condenser input type. There-
fore, if you know from previous ex-
perience what the output filter voltage
should be, then you have a clue that
one or more filter condensers may be
open. There is another important
angle to consider in this connection.
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Usually a filter system with a choke
input is so designed that there will be
minimum hum. However, if the in-
put filter condenser of a condenser in-
put filter system becomes open, exces-
sive hum will result, since the induc-
tance of the input is not designed to
minimize the hum without the help
of the condenser. This angle, then
will give you another clue that the in-
put filter condenser is open.

Another more positive way of test-
ing any of the filter condensers in a
filter system for opens, is to connect
the DC voltmeter in parallel to the
condenser suspected of being open.
Then disconnect one of the filter con-
denser leads. If disconnecting the
condenser does not change the volt-
meter reading appreciably, then you
may be sure the condenser is open.
This test holds true for both paper
and electrolytic filter condensers. In
this connection, if the condenser is
shorted, the voltage reading will in-
crease considerably when the con-
denser is disconnected. The voltmeter
test connection for opens and shorts
of condensers is shown in Fig. 28
where the voltmeter (V2) is shown
in parallel with the 18 mfd. con-
denser.

Bear in mind, however, that this
test does not hold true for small by-
pass condensers in the receiver proper.
It holds true only where the con-
denser regulates the DC voltage, and
in most cases, the only place where
this is found is in the power unit.

So much for the test on filter con-
densers. Consider next tests on the
inductance or the iron core choke coil.
This filter system (Fig. 26 or 28)
uses only one choke coil, which is the
speaker field. Many power unit fil-
ters, particularly in the older receivers
use two or more chokes and often one
of these is the speaker field. The
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choke may be connected in either the
positive or negative lead of the filter.
That is, most receivers have the choke
connected as shown in Fig. 28. Other
receivers have the choke connected be-
tween the high voltage center tap and
ground. The same test principles
apply in either case.

If the choke is in good order, there
will be a voltage drop across it, how-
ever small it may be. Do not let a re-
verse reading on the voltmeter cause
you to think you have no reading.
Remember that it is absolutely neces-
sary to observe polarity when meas-
uring the voltage drop across receiver
parts. The polarity of the filter choke
is shown in the diagram of Fig. 28.

A short can exist across part of a
choke coil and yet the voltmeter will
show a reading. Thus the mere fact
that you can measure voltage across
a choke coil is not an absolute indica-
tion that the choke is in good order.
You should remember, however, that
ninety-nine times out of a hundred,
the choke is not likely to be shorted
internally. When there is a shorted
filter choke coil, it is very difficult to
determine it unless you know what its
exact resistance should be. If you do
know the rated value, you can measure
the resistance of the choke with an
ohmmeter.

The DC resistance of a choke, and
the current flowing through it, deter-
mines the amount of voltage drop
across the choke. This value will.
as a rule, be low. The DC current
through a choke might be 40 milliam-
peres. If the choke has a resistance
of 200 ohms, the voltage drop across
it will be 8 volts. Suppose a filter
condenser shorts and causes an addi-
tional 40 milliamperes to flow through
the choke. The voltage drop in this
case would only be 16 volts. There-
fore, you see it is important to use a



low range accurate DC voltmeter
when measuring the voltage drop
across iron core filter inductances. On
the other hand, a speaker field wind-
ing may have a resistance as high as
5000 ohms. In this case, the current
through the winding is always low.
A representative case is 16 milliam-
peres flowing in the 5000 ohm field.
The voltage drop across the choke in
this case will be 80 volts.

If a power unit filter choke coil is
open there will be no DC voltage on
any tubes of the receiver. and no
sound from the speaker. If you sus-
pect a choke of being open. connect
the negative terminal of the voltmeter
to the center tap of the high voltage
winding (Fig. 26) and thcn connect
the positive terminal of the voltmeter
to first one terminal of the choke and
then the other. A reading in one
case. but not in the other. will indicate
an open choke. By the simple tests
described in the foregoing. it is possi-
ble to determine the condition of the
parts in the power unit filter system
up to the output of the filter or to the
point where voltage is distributed to
the various circuits by means of the
voltage divider.

From the output of the filter to the
plates and grids of the various tubes
there are several parallel paths over
which current will flow. Since cur-
rent will be flowing in most of the
various circuits. any receiver part hav-
ing an appreciable DC resistance will
probably show a voltage drop when
the voltmeter is connected across it.
This is an important point to remem-
ber, since it forms the basis of the
multimeter method of testing. As
long as you can measure a voltage
drop across a receiver part, you can
always form a fairly accurate idea of
the condition of that particular part.
This will become clearer as you pro-

ceed further with this study.

In using Fig. 26 as the example, all
tests will be made assuming the range
switch is turned to band A. Tests on
other bands can be made in the same
way. However, further details on
testing the other circuits are left to a
later lesson on all-wave receivers.

Suppose in your preliminary meas-
urements, the voltmeter showed no
plate voltage on the plate of the RF
tube. Several things could cause this
condition. For instance, the plate
coil may be open or the plate by-pass
condenser may be shorted. To locate
the defect, connect your voltmeter be-
tween the plate and cathode circuits of
the first RF stage as shown in Fig.
29. This circuit shows the first RF
stage of Fig. 26. It is again repeated
here so as to make the connections
clear.

Now take a short piece of wire and
short the range selector switch which
connects this coil to the plate. If you
now get voltage, this switch is not
making contact. If it makes no change
(no voltage registers), you can as-
sume this switch is making proper
contact between terminals.

Next take a short piece of wire. and
short the plate coil for band A. If the
voltmeter now shows normal voltage.
the plate coil is open. If you still

have no voltage, remove one lead of
the .1 mfd. plate by-pass condenser.
Clz.
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it proves the plate by-pass condenser
(C12, Fig. 26) is shorted and will,
of course, need replacing. If, on the
other hand, there is still no plate volt-
age, any part connected between the
power unit and the plate by-pass con-
denser may be at fault. From Fig. 29
note that the only part between the
plate by-pass condenser and the 250
volt B+ lead is the 1000 ohm resistor
(R2). Shorting this resistor will in-
dicate whether it is open by the fact
that voltage will appear at the plate
terminal if it is open.

Since you establish, by other tests,
that the power unit is functioning
properly, you will know when you
have tested up to the 250 volt B4
tap, there is nothing wrong with the
plate circuit from the power unit out-
put to the plate of the tube socket
under test. Therefore, the cause of
no voltage has got to be in the cathode
circuit. In Fig. 26 about the only
thing that could cause no plate volt-
age in the cathode circuit is an open
resistor between the center tap of the
high voltage winding and ground
(R15, R16), since the cathode is itself
grounded at the tube socket. Short-
ing these resistors, one at a time, with
a piece of wire will determine if they
are open. and the cause of no voltage.
Since these resistors are common for
all DC voltages, you will not need to
check them again. Remember any
tube socket terminal may be open or
not making contact (such as cathode
to ground), although this is unusual.

Many circuits employ a bias re-
sistor between cathode and ground.
If this resistor is open, and the volt-
meter return is connected to cathode.
no plate voltage can be measured.
Connecting the voltmeter negative ter-
minal to ground will at once indicate
that this resistor is open provided
voltage is indicated. Therefore, it is

recommended when making these tests
you connect the voltmeter negative
terminal to ground if the cathode is
not directly grounded.

In connection with a lack of plate
voltage, it has been pointed out the
many places where defects could exist.
Bear in mind, however, that the
chances are you won't find it necessary
to make all the tests which have been
outlined, because defects as a rule ex-
ists at only one or two points. You
can, therefore, readily see that by
simply connecting your voltmeter be-
tween plate and ground, using a piece
of wire to short-circuit parts and with
the occasional use of the soldering
iron, determine what part of the cir-
cuit is open or shorted. This, of
course, is done without having to dis-
connect parts, and then making a de-
tailed continuity test on parts to de-
termine if they are defective.

You will find many circuits where
some parts are common to several
tubes. Thus an open in one part will
cause a lack of voltage on several
tubes. On the other hand, an open
in another part may cause a lack of
voltage on only one tube. An ex-
ample of this is shown in Fig. 30.
If R1 opens, no voltage will be meas-
ured on any of the tubes with the
voltmeter negative terminal connected
to the tube’s cathode, but voltage will
be indicated when the voltmeter neg-
ative terminal is connected to ground.
If R2 becomes open, all voltages will
be about normal except the screen
grid voltage on the first and second
tubes. If R3 becomes open, all volt-




ages will be normal except the p