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Section 1. INTRODUCTION

All electronic circuits, including those
of radio and television receivers, depend
upon a source of power for their electrical
energy. Since work must be done in receiving
and amplifying the extremely feeble signal
which strikes the antenna, a source of elec-
trical energy is required. This source of
electrical energy in a radio or television
receiver is called a POWER SUPPLY.

A radio receiver power supply may take
many forms, depending on the type of re-
ceiver employed, the number of tubes it
contains, and the power output desired at
the loudspeaker. While power supplies them-
selves are of varied types, they must -- as
a group -- meet certain minimum require-
ments. A receiver power supply must provide
high-voltage D-C power for the operation of
the plate and screen circuits of the ampli-
fier tubes, and must usually provide the
heater or filament voltage (either A-C or
D-C) for the tubes. The high D-C voltage
is called the B-supply. The heater or fila-
ment voltage is called the A-supply. When
these two minimum requirements are supplied,
the modern radio or television receiver can
be caused to operate.

Section 2. BATTERIES WERE THE
ORIGINAL POWER SUPPLIES

The derivation of the terms "A" and "B"
is interesting. These names were handed
down to modern radio and television repairmen

from the days when most radio receivers were
operated from battery power sources. At
that time the high-voltage battery was
called the "B" battery, and the low voltage,
or filament battery, the "A" battery. Even
today, in portable battery receivers, this
terminology is maintained. Fig. 1 is a
typical portable receiver.

It is well to mention here that all
modern radio receivers could be powered
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Fig.1. Portable Receiver. (Courtesy of
Emerson Radio and Televiston.)
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for operation by a battery system, if the
batteries were connected in the proper way.
However, as the radio industry grew, and
receiver output requirements became more
demanding, it was found that for many pur-
poses the battery system was no longer
adequate. Batteries wear out with use, and
are subject to deterioration even when not
in use. Batteries are bulky and heavy, and
space must be provided for their inclusion
into the receiver cabinet. Batteries are
costly to replace, which makes the cost of
operating a battery receiver in the home
almost prohibitive.

To overcome the limitations of batteries
as a source of power, the self-powered power
supply was devised. By this means the user
of a radio receiver simply plugs into any
convenient commercial power outlet and the
power supply in the receiver then delivers
the proper "A" and "B" voltages. This makes
for satisfactory and inexpensive operation.

Modern portable receivers still use the
battery power supply. Here portability is
more important than expense of operation.
To enable these receivers to operate eco-
nomically, special low drain tubes have been
designed and the size of both the "A" and
"B" batteries reduced in size and weight.
The continued demand for radio entertaimment
at the beach and park and other places where
no commercial power is available, has main-
tained the popularity of this type receiver.

Section 3. TYPES OF POWER SUPPLIES

Radio and Television receiver power sup-
plies may be divided into several groups:

1. The AC-DC, or "transformerless" power
supply. This is also referred to as the
"universal" power supply, since it can be
used directly on either A-C or D-C com-
mercial voltages and thus is suitable for
almost any location. Special emphasis will
be placed on this type of power supply,
since it is used in more than half of all
radio receivers in operation today. It is
becoming increasingly important in television.

2. The A-C power supply. The receiver con-
taining this type of power supply can be
used on A-C commercial voltage only, and
with few exceptions involves the use of a
power transformer which steps the "A" voltage
down to the proper value and delivers a
high-voltage A-C which is rectified to pro-
duce the "B" supply. This type is second
in popularity only to the AC-DC power supply
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mentioned above. The more expensive tele-
vision receivers all use this type of
power supply.

3. The automobile radio, or vibrator, power
supply. As the names suggest, this type of
power supply is designed for use in auto-
mobiles or other mobile applications, and
involves the use of a vibrator-transformer
system to provide "B" voltage after recti-
fication. The "A" voltage is supplied
directly from the battery. The storage
battery also furnishes the power to drive
the vibrator-transformer system.

There is no reason why this system cannot
also be used for automobile television re-
ceivers, but if the present trend of laws
prohibiting television in automobiles con-
tinues, there is a possibility there soon
will be no automobile television receivers.

4. The portable receiver power supply. This
group can be further subdivided into:

a. The straight portable receiver, using
batteries only.

b. The 3-way portable receiver, using a
choice of: Batteries when operated
outdoors, and of A-C or D-C commercial
power when operated indoors.

¢. The rechargeable power supply. In this
case, prime power is derived from a 2.2
volt wet cell which drives a vibrator
system similar to that in an automobile
radio receiver. The wet cell can be
kept in a charged condition by con-
nection to commercial A-C power.

While the above power supplies all have
the common ability to provide 4 andB voltage
of the proper value, their construction and
circuits differ widely. For quick and
accurate trouble-shooting it is essential,
therefore, for the repairman to make a posi-
tive identification of the type of power
supply in the receiver under analysis before
attempting any repair whatsoever.

Section 4. THE AC-DC POWER SUPPLY

Fig. 2 is a typical circuit used to pro-
vide power for an AC-DC receiver. In this
diagram the "A" voltage -- to heat the tube
cathodes -- is supplied to the tube heaters
through a series connection of all the
heaters or filaments. The pilot lamp is
shunted across a portion of the power recti-
fier heater. "B" voltage -- for the use of
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Fig.2. AC-DC Power Supply.

the plates and screens of the amplifier
tubes -- is supplied from the cathode of
the rectifier, fed through the Pi-type L/C
filter system, and delivered in practically
pure D-C form to wherever it is needed.

Because of its greater simplicity, let us
first consider the operation of the uni-
versal power supply while it is operating
from a 110-volt D-C source. When the on-off
switch is closed, and the power plug in-
serted in the wall receptacle as shown by
the dotted lines in Fig. 2, current will
flow through the on-off switch, through
the chassis, and through the series of tube
heaters to the positive side of the line.
This current heats the tube heaters, which
in turn bring the tube cathodes to a tempera-
ture high enough for thermionic emission to
take place from the cathode surfaces.

In the meantime, after the rectifier
cathode begins to emit electrons, the elec-
trons will move toward the more positive
rectifier anode, or plate, which is also
connected to the positive side of the line.
Electrons thus leaving the rectifier cathode
will render the cathode more positive, and
it, in turn, will draw more electrons through
the load from ground. The filter system
consists of two electrolytic condensers

separated by a choke. The condensers oppose
any changes of voltage across this circuit
while the choke opposes changes of current
in the circuit. Both effects serve to keep
the voltage drop across the load constant.
A steady voltage source is necessary for the
proper operation of the amplifier tubes.

Pilot lamp current is a portion of the
total heater current, as can be seen from
the diagram.

An interesting question may well be asked
here: If the system is operating from a D-C
power source, why do we need either the
rectifier or the filter system, since the in-
put D-C voltage is already constant and
well-filtered? The answer is that if we
were certain the receiver would always be
used on D-C it would not need the rectifier
or filter system. We cannot, of course, be
certain of this fact. To avoid limiting
the use of the receiver to D-C power alone,
the rectifier and filter system are included.

Now let us examine the operation of this
power supply while using 115-volt A-C com-
mercial power. The "A" voltage is supplied
in the same wmanner as when used from a D-C
power source, except that wall-receptacle
polarity need not be observed. When the
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Fig.3. Electrolytic Capacttor.
Two Capacttors in One Can.

on-off switch is closed, A-C current flows
in the heater and pilot lamp circuit. The
heaters are heated and the cathodes become
ready to emit electrons. The "B" supply,
however, is being powered by an alternating
current, and rectification is necessary.
This is done by a half-wave rectifier whose
output is pulsating D-C. To stabilize the
voltage across the load, the Pi-type filter
comes to our assistance and smoothes out the

pulses into a ripple-free D-C voltage. The
Pi-type filter obtains its name from the
fact a schematic drawing of its components
resembles the Greek letter n.

Each of the filter condensers has a name.
That nearest the cathode is called the input
filter condenser, which is separated by a
choke (or filter resistor) from the output
filter condenser. The "B" voltage is availa-
ble across the output filter condenser and
is polarized to agree with the polarity
indicated on the condenser. \Most often,
both components of a filter condenser sys-
tem are enclosed within one container.
See Fig. 3. There is shown the appearance
of a typical common dual-section filter
condenser.

Fig. 4 shows the complete schematic dia-
gram of an AC-DC receiver, with its power
supply feeding the proper voltages to all
components requiring them. Test points
X--X indicate where a voltmeter, on the
150 volt D-C scale, should be placed to read
the output voltage. In the average AC-DC
receiver, this voltage should read approxi-
mately 100 D-C volts. Some will read a
little higher.

Section 5. THE A-C POWER SUPPLY

Fig. 5 illustrates a typical straight A-C
power supply. Here the power transformer
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Flg. 4. AC-DC Radlo Recetver Schematic.
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FPig.5. A-C Power Supply Using Transformer.

is used, which limits its application to
purely A-C circuits of the proper voltage
and frequency. In most cases, this will
be approximately 115 volts, 60 cycle, to
use the power supplied by the commercial
power companies.

By reference to Fig. 5 we can see that
when the power switch is closed, alter-
nating current flowing through the power
transformer primary induces three separate
secondary voltages. These are: 6.3 volts
for the amplifier tube heaters; 5 volts for
the rectifier tube heater (or filament);
and high voltage A-C to be rectified,
filtered, and used by the plate and screen
circuits of the amplifier tubes.

Under operating conditions, electrons will
flow from B-minus through the load, through
the filter choke, to the cathode of the
rectifier. From here current will continue
to flow to whichever of the two rectifier
plates is positive at the time, and then
proceed to B-minus through the high-voltage
transformer windings. Rectification here is
full-wave, in contrast to the half-wave
rectification present in AC-DC receivers.
Load current is stabilized in the A-C power
supply much in the same manner as in the
AC-DC power supply, except that filter con-
densers used may have smaller capacity,
usually 8 or 10 mfd each. However, because
the output voltage from this type power is

over 200 volts, filter condenser voltage
ratings should be at least 350 volts, and
may be as high as 400 or 450 volts. In the
A-C power supply, as in the AC-DC power
supply, "B" voltage is available at the out-
put filter condenser, from where it may be
connected to any point in the receiver
requiring high D-C voltage.

Fig. 6 shows a full schematic diagram of
an A-C receiver. This illustrates the
manner in which the required voltages are
produced and distributed throughout the
receiver.

Section 6. THE AUTOMOBILE
RADIO POWER SUPPLY

To accommodate an occupant of a moving
vehicle with radio entertainment and in-
formation, a special automobile receiver
power supply has been perfected. Fig. 7
is the circuit involved. In automobile
receivers the problem of heating the ampli-
fier tube cathodes is simply solved. The
tube heaters are connected through a suitable
fuse and switch, directly to the 6-volt
storage battery of the car.

However, the production of high-voltage
D-C -~ the "B" voltage —-- is a less simple
matter. At the heart of the method used
to convert 6-volt D-C to high voltage D-C
is a vibrator, samples of which are shown
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Fig.6. Recetver Using A-C Power Supply.

in Fig. 8. It is the duty of the vibrator
to break up the battery D-C into pulses
which can be applied to the primary of a
transformer and so induce secondary voltages
for use as the "B" supply. Vibrators are
similar in appearance to many electrolytic
capacitors. Vibrators, however, usually
plug into a socket like a tube. They are
not wired.

In Fig. 7 the storage battery of the car
supplies the prime power for this system.
When the on-off switch is closed, current
flows through the heater choke directly to
the 6-volt heaters, thus supplying the "A"
voltage required. At the same time, a
portion of the current that flows through
the heater choke splits off through the
vibrator choke and continues through the
upper half of the transformer primary, past
contact 2 of the vibrator, until it reaches
ground through the vibrator electromagnet.
This current accomplishes two things: it
induces a voltage in the transformer second-
ary, and draws the vibrator reed over to
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touch contact 2. As the reed touches con-
tact 2, current from this point is short-
circuited through the reed to ground. This
de-energizes the electromagnet, releasing
its hold on the reed and permitting it to
swing all the way over to contact 1. When
contact I is touched by the reed, battery
current flows through the lower half of the
transformer primary to ground, inducing
another voltage pulse in the secondary. The
spring action of the reed assembly now adds
to the pull of the electromagnet —-- re-
energized by the swing of the reed away from
contact 2 -- to pull the reed against con-
tact 2, completing the first of an endless
series of cycles.

The result of the action of the vibrator
is that an alternating voltage is produced
in the transformer secondary. The magni-
tude of this voltage is determined by the
step-up ratio of the transformer windings,
and the frequency of alternations by the
natural vibrating frequency of the vibrator
reed, usually 50-60 cycles per second.
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Fig. 9 on the page following, shows the
internal construction of a typical vibrator.

With the primary current flowing on alter-
nate half-cycles in each half of this
winding, secondary voltages are induced such
as to render first one plate positive, then
the other, during each successive half-
cycle. Notice that the ground connection
is always half-way between them, being more
positive than the negative plate, and
more negative than the positive plate. (See
Fig. 7.) When one plate is positive with
respect to ground, that plate will attract
electrons from the cathode of that tube.
On the next half-cycle, this same plate is
negative and will not attract electrons,
but the opposite plate will attract them,
being positive. The point is, that regard-
less of which plate is attracting electrons
at any time the tube must draw its elec-
trons through the load from ground (or

Fig.8. Vibrators.
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Fig.9. Internal Construction
of a Vibrator.

B-minus), past the output filter condenser,
through the filter choke, past the input
filter condenser, to the rectifier tube
cathode.

Current through the load is unidirec-
tional. The filter choke opposes any
current changes, and the filter condensers
oppose any voltage changes across the load.
As in the cases of both the AC-DC and the
purely A-C power supplies, B-plus is availa-
ble at the output filter condenser. In
automobile radio receivers the B supply
voltage varies between 100-300 volts D-C.

The vibrator buffer condenser, in Fig. 7,
across the terminals of the transformer
secondary (and also across the rectifier
plates) has a high voltage rating, usually
a minimum of 1600 volts. If it must be
replaced, its exact capacitance should
be noted since it is designed to resonate
with the inductance of the transformer
secondary at vibrator frequency for the
purpose of maximum efficiency, and to pro-
tect the vibrator points from corrosion
due to sparking.

Fig. 10 shows the schematic diagram of an
automobile radio receiver.
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Section 7. THE PORTABLE
RECEIVER POWER SUPPLY

Portable radios employ three general
systems of power supplies:

A. The "straight" battery system.

Fig. 11 is a schematic circuit of the
battery portable receiver. Its power sup-
ply, as is evident from the illustration, is
limited to replaceable batteries only, and
hence this type of receiver needs no recti-
fier nor filter system. Fig. 12 shows the
forms that these batteries may take, de-
pending upon the manufacturer's choice
of design.

From the circuit of Fig. 11 we can see
that the on-off switch is a DPST arrange-
ment which connects and disconnects both
the "A" and "B" batteries simultaneously,
leaving all other circuits intact.

B. The 3-way portable receiver system.

This type of receiver embodies features
of the battery-powered radio plus those of
the home radio receiver. The schematic
diagram of a typical 3-way portable is shown
in Fig. 13. Here the user can choose the
manner of power applied to the receiver
circuits by the use of the power selector
switch. This has at least two positions,
which are marked AC-DC and Battery.

A third position is sometimes provided
and marked OFF. In the OFF position neither
the AC-DC power nor the battery is used.
Other types of receivers place the OFF
switch at some other convenient position.
Sometimes this switch can be manually
operated at will; sometimes it will auto-
matically make and break with the opening
and closing of the receiver's front cover.

While the power selector switch is in the
"Battery" position, the system operates
exactly as in the case of the straight
battery portable. In this case, trouble-
shooting is identical with that of the
straight portable power supply.

However, while the power selector switch
is in the AC-DC position, the rectifier-
filter system is used. In the circuit of
Fig. 13 this position selects connections
to a rectifier tube, providing it with
heater current and A-C plate voltage. At
the same time the switch disconnects the
batteries and, in their place, provides
rectified D-C plate and filament voltages
of the proper values. The filter system
is also connected into the circuit.
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"B" voltage is developed in this system
in a conventional manner by running load
current past the output filter condenser,
through the filter choke or resistor, past
the input filter condenser, and thence
to the rectifier cathode. The "A" voltage,
in contrast to previously mentioned power
supplies, instead of being A-C is now also
rectified D-C. It originates at the recti-
fier cathode and is dropped to operating
value through a special dropping resistor
or ballast.

This "A" voltage must also be well fil-
tered, since it is now being applied to
directly heated filament-cathodes in the
amplifier tubes. These portable tubes are
directly heated since direct heating is the
only method by which they can be utilized

efficiently and economically. Otherwise,
they would seriously shorten battery life
while the system was operating on battery.
The presence of a 60-cycle hum, in a porta-
ble receiver while operating on the house-
power function, can be traced as often to
defective "A" voltage filters as to defec-
tive "B" voltage filters.

Two separate methods of connecting the
filaments of a 3-way portable receiver
are utilized. They may be connected to
a 1.5 volt source in parallel, as shown in
Fig. 14, or they may be connected from a
6, 7.5, or 9-volt source in series, as
shown in Fig. 15.

To determine which of the two methods is
used, consult the battery rating of the
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Fig.12. Radio Batteries.

receiver. If the "A" battery is rated at
1.5 volts the amplifier tube filaments are
connected in parallel on both the battery
and the AC-DC functions. If the "A" battery
rating is 6, 7-1/2, or 9 volts, the ampli-
fier tube filaments are connected in series
on both positions of the power selector
switch. It is obvious that trouble-shooting
the 3-way portable will, to a great extent,
depend upon how well you understand which
of these two methods is used in the receiver
under analysis. The same trouble may cause
different symptoms and different readings
in various systems.

The power supply for a portable tele-
vision receiver is very similar to those
used in radio.

C. The rechargeable portable receiver power

supply. This power supply system differs
from the previous 3-way power supply in that
it contains prime power in the form of a
2.2 volt wet cell, which in addition to
furnishing filament voltage directly to the
amplifier tubes also drives a vibrator-
transformer system to furnish high voltage
D-C to a filtering circuit for the use of
the "B" supply. A typical circuit of this
type is shown in Fig. 16.

While this power supply is by no means as
popular as the previously-mentioned portable
sets, it has the advantage of economy in
operation, since its wet cell can be re-
charged from the 115-volt A-C line at
periodic intervals. This makes battery
replacement costs negligible.

The system is a cross between a battery-
charger, a portable power supply, and an
automobile receiver power supply, and its
function switch is appropriately marked
as follows, in Section 8.

Section 8. OFF-CHARGE-BATTERY-POWER

In the OFF position, all circuits are
de-energized.

In the CHARGE position, the receiver does
not play, but when the power plug is in-
serted in the A-C 115-volt line, the internal
battery charger, with its step-down trans-
former and dry-disc rectifier, will be placed
in operation. This is to charge the wet
cell up to operating conditions.

In the BATTERY position the set will
play, but the battery will not charge. This
position is that used when the user is
listening to his receiver while at the
beach or park, or wherever no commercial
power is available.

In the POWER position, with the power plug
inserted into the 115-volt A-C line, the set
will play and will at the same time main-
tain its battery charge. This permits
listening to the receiver at home and still
keep the battery charged up for future use
at the park or beach.

This type of receiver should never be
connected to D-C commercial power, since
D-C would burn up the primary winding of
the battery-charging transformer.
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400 v.

Ci3 = 0.01 pf, tubular, 400 v,

= 0.02 puf, tubular, 400 v.

CHASSIS - DO NOT
CONNECT TO GROUND

C30
C33

RECTIFIER
TYPE 17 23C%,

= 160 uf, 25 v.
C33 = 20 pf, 150 v.

L; = Loop antenna, 540-1600 kc

Ry Ry Ryy =

4.7 megohms, 0.25

‘watt

2.2 megohms, 0.25 watt
0.10 megohm, 0.25 watt
5.6 megohms, 0.25 watt
0.027 megohm, 0.25 watt
0.068 megohm, 0.25 watt
3.3 megohms, 0.25 watt

Volume control, poten-

tiometer, 1 megohm

Rio
Ry2
Rys
Ria

023 = 0.1 uf, 400 v.
Cogq = 0.05 ufy 200 v.
Cog = 40 pf, 25 v.

Ry7

= 10 megohms, 0.25 watt

= 0.220 megohm, 0.25 watt
= 1 megohm, 0.25 watt

Ry = 1800 o?ms, 0.25 watt
= 0.220 megohm, 0.5 watt
= 1000 ohms, 0.25 watt

Rla = 2700 Ohms, 0.25 watt
Ryg = 1500 ohms, 0.25 watt
Roq = 1800 ohms, 10 watts
R21 = 2300 ohms, 10 watts

S; = Switch, 4-pole,
double~-throw

S5 = Switch, double-pole,
single-throw

Ty = RF transformer,
540-1600 kc

T2 = Oscillator coil for
use with a 560 puf pad-
der, 20-450 puf tuning
capacitor, and 455 kc
if transformer

T3 T4 = Intermediate-
frequency transformers,
455 kc

T = Output transformer
for matching .impedance
of voice coil to 10000-
ohm tube 1load.

Fig.13. Three-Way Portable Recetver Circult.
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F1g.16. Power Supply Using Rechargeable Battery.

In this system the amplifier tubes are
connected with their filaments in parallel
and no rectifier tube is present in the
receiver. The dry-disc rectifier mentioned
earlier is for battery-charging only. The
plate supply voltage is rectified by the
action of a synchronous vibrator which
eliminates the need for a rectifier tube or
another dry-disc rectifier for this purpose.

In spite of its relatively elaborate
circuit, this type of power supply is rather
simple to trouble-shoot.

Section 9. TELEVISION POWER SUPPLIES

Closely related to radio receiver power
supplies are the special circuits used as
television power supplies. While their
special applications require certain dif-
ferences from radio receiver power supplies,
their operating principles are much the same.

Television power supplies, in addition to
producing the "A" and "B" voltages required

TAB-14

by radio receivers, must also contain pro-
vision for a third high voltage output for
the final anode of the television cathode-
ray tube. This is the so-called picture
tube, upon the flat surface of which we
actually view the picture pattern. Due to
the special nature of this high voltage,
its production forms a separate function
of a distinct section of the television
receiver. This section is known as the
high voltage power supply. The fundamental
circuits and operation of the "A" and "B"
supplies for television have output voltages
of the same order as those found in radio
receivers.

In television receivers, as in radio
receivers, the "A" voltage is that which
powers the tube heaters or filaments, heat-
ing them to temperatures required for
thermionic emission.

In television receivers, the "B" supply
generates a D-C voltage which is applied
to the plate and screen circuits of the



amplifier tubes, to the biasing components
of these stages, and to the focusing and
positioning coils of the cathode-ray tube.
Besides these circuits, the "B" voltage is
used to drive the oscillator of the high-
voltage power supply.

Fig. 17 illustrates the fundamental
operation of the type of rectifier used
in producing the "B" voltage of a television
receiver. The inset shows the appearance of
the selenium rectifier employed in this and
similar circuits.

In this funcamental circuit, the selenium
rectifier takes the place of the vacuum-
tube rectifier. That side of the selenium
rectifier marked with a plus sign can be
considered the cathode, even though thermi-
onic emission does not take place from its
surface. The other side of the rectifier
can be considered the plate, since it is the
immediate target for electrons leaving
the opposite (or "cathode") side.

It should be recalled that a vacuum tube
rectifier will permit electrons to pass from
cathode to plate, and prohibit the reverse

movement from plate to cathode. The selenium
rectifier, due to its unique uni-directional
electrical abilities, displays this same
characteristic. Electrons may readily pass
forward (in the direction of the arrow), but
are prevented from passing backward through
the unit.

Referring to Fig. 17, if we assume the
first half-cycle of input A-C voltage to be
such as to make point I positive with respect
to point 2, electrons will flow from point 2
through the closed switch and divide at
point X. Some will take the path through
the primary of the heater transformer and be
returned directly to point 7 at the input
plug. The others will take a different
path, moving towards the right to the lower
side of the load, through the load, through
the filter choke, through the selenium
rectifier in the direction of the arrow,
and finally arriving at point 1 of the
power plug.

This action charges up both the filter
condensers to essentially peak voltage
(1.41 x effective voltage), and this charge
is held on them throughout the opposite

ACTS LIKE
WL 1 A PLATE
AC 2 )
[/ SELENIUM
RECTIFIER
+ ——
et e Lm o
¢ — CHOKE T 100 MA
A CATHODE .~
M
| 2omp .20 MFO LOAD
‘ — — -—
ON-OFF \’ \
SWITCH | \ _
@ ’ \ NI
INPUT FILTER OUTPUT FILTER
CONDENSER CONDENSER
6.3 V. TO AMPLIFIER HEATERS

Fig.17. Television Power Supply Using a Selentium Rectlftier.
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half-cycle of the input A-C voltage. The
next half-cycle will make point 1 negative
with respect to point 2. Electrons will now
flow from point I backward through the
heater transformer primary. They will also
try to flow backward through the selenium
rectifier, but they cannot actually flow
backwards. Actually, this branch of con-
duction will automatically reject electrons
attempting to move backwards through the
rectifier.

The transformer primary, being bi-direc-
tional, will permit electrons to pass both
ways, resulting in the desired secondary
voltages induced by primary A-C current.
Current flow in the rectifier circuit, on
the other hand, has now become pulsating
D-C, with every alternate half-wave omitted.
This, of course, is half-wave rectification,
with the filter system opposing both cur-
rent and voltage changes in the load and
resulting in an almost pure D-C for use as
the "B" voltage throughout the television
receiver. The 6.3 volts A-C are fed to the
amplifier heaters in parallel and are
the source of heat for thermionic emission
in these tubes.

Certain important points should be empha-
sized at this time:

What makes B-plus positive? B-plus is
rendered positive by its lack of electrons.
Its electrons were taken by the "cathode"
of the rectifier when this "cathode" in
turn, gave its electrons up to the "plate"
of the rectifier. In order to replace the
electrons which have been removed in this
manner from B-plus, new electrons must flow
upward through the load. This action, which
can be compared to a hunger for electrons,
makes B-plus attract them from the only
available source -- B minus.

What makes B-minus negative? B-minus is
rendered negative by its abundance of elec-
trons, each of which carries a negative
charge. It is important to remember that
in this case, B-minus is negative only with
respect to B-plus. This means that there is
a greater abundance of electrons at B-minus
than there is at B-plus. To counteract this
condition, electrons will flow from any
poeint on B-minus through any available path
to any point on B-plus. Circuit design
merely provides the proper paths for the
electrons to follow so they will perform
useful work while making the trip from
B-minus to B-plus.
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An examination of any electronic tube
circuit will readily show that amplifier
vacuum tube cathodes are normally connected
to B-minus (which gives up electréns), and
plates are normally connected through their
loads to B-plus (which hungrily accepts
them) . When making the trip from the plate
of a tube through the plate load to|B-p1us,
the electrons are performing the work re-
quired of them, either by producing a
voltage-drop in a resistive load, or creat-
ing a magnetic field in an inductive load.

What charges up the two filter condensers?
The input filter condenser is charged up by
the sudden removal of electrons from the
side connected to the rectifier. Electrons
are now fewer on the upper condenser plate;
thus making it more positive by their ab-
sence. Since the opposite condenser plate
is tied electrically to B-minus, and is
also physically close to the upper con-
denser plate, electrons from B-minus gather
upon the lower plate, as close to thé posi-
tive upper plate as they can get, although
still separated by the non-conducting
dielectric. The presence of these excess
electrons makes the lower condenser plate
more negative. If a condenser has an
abundance of electrons on one plate and a
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Fig.18. Semi-Portable Television Hecelver.
(Courtesy Emerson Radio and Televiston.)
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Fig. 19. Voltage Doubler Circuit.

lack of them on the other plate, it is

said to be a charged condenser.
Section 10. THE HALF-WAVE DOUBLER

The basic principles involved in the half-
wave rectifier may be easily adapted to a
useful television "B" voltage supply system
in the form of a half-wave doubler. As the
name indicates, the half-wave doubler serves
both to rectity the 115-volt A-C input and
at the same time double its output D-C
voltage. This method of increasing the
value of B-plus voltage accounts for the
higher voltage in a television receiver
than would normally be available with the
fundamental half-wave single-unit rectifier.
Fig. 18 shows a popular television receiver
employing a 10" screen to which a half-wave
doubling circuit may be applied.

The circuit diagram of the half-wave
doubler is shown in Fig. 19. Notice that
there are two selenium rectifiers in this
circuit, and two filter condensers of 125
mfd each. The five-ohm resistor is for
protection purposes incase of short-circuits
in the power supply. It acts to limit the
current and thus protects the selenium
rectifiers.

In Fig. 19, on the first half-cycle of
the input A-C, suppose point 1 of the power
plug is negative with respect to point 2.
At this time, electrons available at point 1
will tend to flow toward point 2 through
whatever path may be available. The only

available path is through the five-ohm pro-
tective resistor to the upper plate of C,.
While electrons are piling up on this plate,
they repel the electrons on the opposite
plate of C which flow toward the electron-
hungry point 2 (positive during this half-
cycle). The electrons repelled from the
lower plate of C; cannot flow backward
through SR-2 (selénium rectifier #2), but
they can readily flow forward through SA-1
toward point 2 of the power plug. On this
half-cycle, therefore, C; is charged up in
the polarity shown to the peak of the ap-
plied A-C voltage. C; holds this charge
during the next half cycle.

The next half-cycle is such as to render
point 2 of the power plug negative with
respect to point 1, which is now positive.
Notice that C,, SR-2, and C; are in series
with each other across the line. If C
not been charged up on the previous half-
cycle, the full line voltage would be
divided equally between C; and Cy. (Notice
also’ that SR-1 is useless on this half-
cycle, since it blocks the path of current
from point 2 to point 1 of the power plug.)
However, since C; is holding the charge
applied to it during the previous half-
cycle, its voltage is now in series with the
line voltage, and both voltages are applied
across Cg. Their sum is twice the peak
applied voltage, and when we consider the
drops in the series components, we find
the output across C9 -- and also across
the load -- to equa % approximately 290
volts, D-C.
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Analyzing this action in more detail, on
the second half-cycle of the A-C line voltage
we see that the lower plate of C; is posi-
tive and therefore electron-hungry. The
lower plate of C9, however, being connected
to what is now the negative side of the
line, will have an abundance of electrons.
These will force the electrons from the
upper plate of C, through SR-2 to the lower
plate of C,, which readily accepts them.
The gathering of electrons on the lower
plate of C; will in turn force other elec-
trons from its upper plate toward the
positive side of the line, which readily
accepts them. This motion of electrons from
the upper plate of C; toward the positive
side of the line cons%itutes its discharge,
and the polarity of this discharge is in
series during this half-cycle with the ap-
plied line voltage. It is like having two
generators in series with the same load, one
being the applied A-C, and the other the
charged capacitor, Cy.

With respect to the load, with which it is
constantly in parallel, C, sends load cur-
rent downward from its lower plate, up
through the load, and downward to its upper
plate. This tends to discharge C,. But
before a discharge can be completed, C, is
again charged up to peak voltage by the
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action previously described. Stated some-
what differently, we might say that C, is
recharged by the line much more quickly ‘than
it is discharged by the load.

Describing the action of a half-wave
voltage doubler in briefer terms, it can
be summarized as follows: C,, charged up
on the first half-cycle, discharges in
series with the line across C, on the second
half-cycle. The resulting voltage across
C, must now be double the line voltage. The
"g" voltage thus developed can be readily
applied to the audio, RF, and sweep circuits
of a television receiver.

Section 11. THE FULL-WAVE DOUBLER

The full-wave voltage doubling circuit,
used extensively in television receivers,
differs from the half-wave doubler. In this
system each of the two condensers is charged
up on alternate half-cycles of line A-C
voltage, and they are connected so that they
can discharge in series across the load.

Let us start with Fig. 20 by taking
point 1 of the input power plug to be nega-
tive with respect to point 2 on the first
half-cycle. If the switch is closed, elec-
trons, leaving point 1 will be blocked in




their passage to SA-1, but will be conducted
through SA-2 to the lower plate of C-2.
Electrons gathering here will repel those
from the other side of C-2 toward the elec-
tron-hungry point 2 of the power plug. (The
5-ohm resistor is for protection of the
rectifiers in case of a short-circuit.)
C-2 will now be charged by an abundance of
electrons on its lower plate and a lack
of them on its upper plate.

On the second half-cycle, with point I
of the power plug positive with respect to
point 2, electrons will flow through the
5-oha protective resistor, and to the lower
plate of C-1. These will force electrons
from the opposite side of C-1 toward the
positive side of the line, and SA-1 will
conduct these electrons to this point. We
see that we now have a lack of electrons
on the upper plate of C-1 and an abundance
of them on the lower plate, a condition
which defines a chiargeu condenser, of which
the polarity is shown in the diagram.

Notice that the two filters are connected
in series with each other, and that each is
fully charged. They will now tend to dis-
charge through the only available discharge
path -- through the load itself. Since
their charges are in series, they will act

like two batteries in series, sending cur-
rent through the load in the direction
shown, their voltages adding together to
equal about twice that of the peak input
A-C voltage.

Stating the action briefly, we may say
that in a full-wave vol tage doubling circuit,
the two condensers are charged alternately
by the line and discharged in series through
the load.

The "B" supply created by the full-wave
doubler can, like that of the half-wave
doubler, be applied to audio, RF, and sweep
circuits of a television receiver, and can
account for greater sensitivity than if a
non-doubling circuit were employed.

Section 12. VOLTAGE TRIPLING CIRCUITS

By extending the principle of the half-
wave voltage doubler to an additional recti-
fier and condenser branch, it is possible
to achieve a D-C voltage output of approxi-
mately three times the peak A-C voltage
applied to the system. The popular tele-
vision receiver shown in Fig. 18 is one
in which the voltage tripler may be used.
The schematic circuit involved in voltage-
tripling is shown in Fig., 21.

5./\.
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Ftg.21. Voltage Tripling Circuit.
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Not directly involved in the tripling
circuit of Fig. 21, but associated with it
are the .05 mfd line filter and the heater
transformer. The former is to reduce line,
or "modulation" hum; the latter is to pro-
vide 6.3 volts A-C for the amplifier and
oscillator heaters. Both are placed into
the circuit with the closing of the on-off
switch. As in the previous examples, the
5-ohm resistor is a protective device,
acting as a fuse for the rectifiers in case
of short circuits.

Action begins in this tripling circuit
when the switch is closed and 115-volt A-C
power is applied to the system. Let us
assume point I of the input plug to be made
positive with respect to point 2 on the
first half-cycle. Electrons will flow upon
the lower plate of C-1, and their abundance
at this point will repel electrons from the
opposite plate of C-1 through SR-1 (which
will readily pass these electrons), through
the 5-ohm protective resistor and to the
electron-hungry point 1 of the power plug.
This, as we have seen, charges C-1 up to
peak voltage.

On the second half-cycle, with point 1 of
the input plug now negative with respect to
point 2, the voltage across C-1 is added
in series with the line voltage and both are
applied across C-2. This is the same action
described earlier as a voltage doubler,
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and provides approximately twice the input
peak voltage across C-2.

The voltage tripler goes one step further
in its action. Just as C-1 was charged to
peak voltage on the first half-cycle through
SR-1, so also is C-3 charged to peak voltage
on the same cycle through SR-3. (This is
because they are in parallel across the same
applied voltage on the first half-cycle,
except for the negligible drops in the
rectifiers.) Now, if C-2 has twice peak
voltage across it, and is discharged in
series with the already existing peak voltage
across C-3, the full voltage across C-3 is
three times the peak applied voltage. The
filter choke and the final condenser, C-4,
act to smooth out the pulses and provide
practically pure D-C to the load.

The schematic diagramof Fig. 22 is another
form of the half-wave voltage tripler, with
about twice the current output as the trip-
ler in Fig. 21. As can be seen by comparing
capacitance ratings of the electrolytic
condensers, this circuit contains units of
160 mfd each, instead of 80 mfd each as
shown in Fig. 21. With everything else
equal, doubling the capacitance of an R-C
circuit will also double its time constant
and, therefore, will double the discharge
time of the condensers supplying the output
D-C voltage. In terms of current output,
this means that the system using the larger




capaci tance will, on the average, be capable
of greater average currents to the load.

Such a feature is desirable because it
permits more discharge paths for B-plus
currents. This means more amplifying stages
without substantially reducing the B-plus
voltage level.

It should be noted here that the current-
carrying capabilities of the rectifiers used
in this high-current system are also greater
than those of the lower-current system.
In the current rating of a rectifier of
this type, we are concerned with the effect
that current has in creating heat within
the rectifying unit. In other words, a
rectifier should be so used in a circuit
that its current rating is never exceeded.
This is because the I°R losses in the recti-
fier may damage it, or impair its charac-
teristics. The manufacturer of the rectifier
of course, will be the authority for the
amount of current permitted through it
without subjecting it to possible damage.
Thus, when a manufacturer rates a rectifier
at 100 mils of current, do not try to pass
more than 100 mils through it, nor try to

replace it with another rectifier having
a lower current rating.

Section 13. MULTIPLE POWER
SUPPLY FOR TELEVISION

Many of the larger television receivers
use a multiple system of power supplies with
as many as eight or ten selenium rectifiers.
A system of this type is shown in Fig. 23.
As can be seen from the diagram, the upper-
most system is a half-wave doubler and is
used to provide an isolated "B" supply for
the audio stages of the receiver. The
middle system is a tripler supplying an
isolated 390 volts at 100 mils for the sweep
generating and amplifying stages.

The bottom arrangement is actually two
power supplies tied together, with B-minus
and C-plus connected together and to one
side of the input A-C line. The "B" section
of this double-system supplies the R-F
stages with plate and screen voltages, while
the "C" section powers the bias and focus
circuits of the television receiver. It
is interesting to note that due to the fact
that each of the sections of this multiple
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power supply has a specialized tunction to
serve, the comparatively small current drain
from each of them permits R/C -- rather
than L/C -- filter systems. This makes for
compactness, lightness, and less cost in
the finished product.

Section 14. THE FULL-WAVE
BRIDGE RECTIFIER

Another useful television power supply is
that shown in the schematic diagram of
Fig. 24. It is known as a full-wave bridge
type. When point I of the transformer
secondary is negative with respect to point
2, and the center tap is midway in potential
between these two extremes, current will
leave point I and flow through SR-1 to
B-minus. At this point, current will now
divide, some flowing leftward through load I
to the transformer center-tap (which on this
half-cycle is more positive than point 1),
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anu the other part flowing rightward tiirough
load 2, through SR-4 and arrive at point 2
of the transformer. Each portion of this
split current charges up the two filter
condensers to peak A-C voltage.

On the second half-cycle when point I
is positive with respect to point 2, and
the center-tap halfway between them in
potential, current flows from point 2 to
E-minus through Sk-3. One portion of this
current passes leftward through load I to
the center tap, while another portion passes
rightward through load 2, through SE-2, and
arrives at point I of the transforier.

Notice that on both half-cycles, current
flowing through each load was in the same
direction, and that each condenser maintains
the charge upon it by the charging current,
with polarities as shown. The advantage of
this type of circuit is that almost any D-C



value of voltage can be determined by the
transformer ratio, and that a 'value of 1/2
B-plus can be taken from the transformer
center-tap and applied to those elements in
the television receiver employing a di-
minished value of plate or screen voltage.
Voltage dividers external to the power
supply are therefore rendered unnecessary.

Fig. 25 illustrates the full-wave bridge
rectifier as applied to a mobile television
receiver. Here the supply voltage, instead
of the usual 115-volt A-C, is a 6-volt
vehicle battery, and the use of the trans-
former is virtually mandatory. Full output
here, as in Fig. 24, is filtered by the
condensers shunting the two loads, with 1/2
B-plus available at the transformer secondary
center-tap for circuit components requiring
a diminished plate or screen supply voltage.

The circuit of Fig. 26 is also a mobile
television power supply, but differs from
the circuit of Fig. 25 in that the step-up
transformer is equipped with a double primary
winding; this necessitates the use of a
double set of vibrator points. Where the
mumber of stages in the television receiver

demand a higher output from the power sup-
ply, this method may be used.

Another interesting variation of the
doubler circuit applied to a step-up trans-
former arrangement for a high value of
B-plus which can be subdivided is shown in
Fig. 27. Here the secondary voltage from
the transformer is applied to a series of
three electrolytic condensers, with B-minus
taken from the junction between C-2 and
C-3. Current flowing up the 33-ohm resis-
tor gives us a 3-volt drop across C-3, while
a difference of 165 'volts is present across
C-2, and a difference of 350'volts across C-2
and C-3 combined. This, as can be seen,
supplies two values of B-plus and a negative
biasing supply as well.

Fig. 28 is a schematic representation of
a typical power supply for the AC-DC tele-
vision receiver. The system operates on the
half-wave principle, and shows the desti-
nation of the output voltages as applied to
the various television receiver component
sections. Note the H.V. (high veltage)
oscillator, which is provided with B-plus
by the low-voltage power supply. The H.V.
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Fig.27. Voltage Doubler with a Transformer.




oscillator operates at a high frequency
with an extremely high step-up transformer
ratio. The output is rectified by a vacuum-
tube rectifier tube and is finally delivered
to the picture tube in the form of very high
D-C voltage, and there applied to the final
anode. A part of this high output voltage,
600 volts, is fed to the 'vertical sweep
amplifier as plate and screen supply.

The vacuum tube heater circuit is not
shown in the diagram of Fig. 28, but it
consists of several strings of series-
connected tube heaters, with the ‘various
strings connected in parallel across the
input voltage.

as part of the filter systems, stabilizing
the ‘'voltage across their respective loads.

The table given in Fig. 29 applies both to
diagram A and diagram B, and shows the out-
put current with various kinds of selenium
rectifiers.

Section 15. THE DYNAMOTOR

A dynamotor is a rotating electrical
device used to convert low 'voltage D-C to
high voltage D-C. The term "low-voltage"
is meant to describe the 6-, 12-, or 24-28
volt storage battery source found in a
vehicle, boat, or plane. By "high-voltage"
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