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PREFACE

The texts of the entire Basic Electricity and Basic Electronics
courses, as currently taught at Navy specialty schools, have now been
released by the Navy for civilian use. This educational program
has been an unqualified success. Since April, 1953, when it was first
installed, over 25,000 Navy trainees have benefited by this instruc-
tion and the results have been outstanding.

The unique simplification of an ordinarily complex subject, the
exceptional clarity of illustrations and text, and the plan of pre-
senting one basic concept at a time, without involving complicated
mathematics, all combine in making this course a better and quicker
way to teach and learn basic electricity and electronics.

In releasing this material to the general public, the Navy hopes to
provide the means for creating a nation-wide pool of pre-trained
technicians, upon whom the Armed Forces could call in time of
national emergency, without the need for precious weeks and months
of schooling.

Perhaps of greater importance is the Navy’s hope that through
the release of this course, a direct contribution will be made toward
increasing the technical knowledge of men and women throughout
the country, as a step in making and keeping America strong.

Van Valkenburgh, Nooger and Neville, Inc.

New York,N. Y.
February, 1955
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L ELECTRONICS

What You Are Going To Do Now

You now have a good solid foundation
in the field of electricity. You know
how electricity is generated, how

electron current flows through a cir-

cuit, the nature and uses of magne-

tism, the proper use and care of Vol. 5
meters, the characteristics of DC ‘
and AC and how various types of
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INTRODUCTION TO ELECTRONICS

The Meaning of "Electronics”

You have heard the word "electronics' many times in the past. Elec-
tronics means the science of the electron. Since the study of electricity
and electronics both involve the use of the concept of electron flow, you
may wonder where electricity ends and electronics begins. For your pur-
poses it is easy enough to make the distinction that electronics is the
science which is concerned with the flow of electrons through vacuum or
gas-filled tubes sometimes called "electron tubes.' Thus, electronics
includes the study of any equipment that contains "tubes. "

You are already acquainted with quite a few types of electronic equipment.
Radio—"talkie'" motion pictures—record players—public address systems
—television—"electric eye' door openers-—all of these make use of '"tubes"
and are correctly termed electronic equipment. Of course they also make
use of various types of DC and AC circuits, of meters, transformers, ca-
pacitors, and all the other components which you have learned about in
Basic Electricity. That is why you needed a course in fundamentals be-
fore going on with the electronics phase of your study.
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INTRODUCTION TO ELECTRONICS

Electronic Equipment

All electronic equipment is made up of only a few basic circuits. Just how
many basic types of circuit are there? Three! Are there any other types
you will ever have to know? There are additional types of special circuits
you will have to learn when you begin to study equipment, but these special
circuits are nothing but variations of the three basic electronic circuits.

The three basic electronic circuits are rectifier circuits, amplifier cir-
cuits and oscillator circuits.

RECTIFIER CIRCUIT

Rectifier circuits change AC to DC.

Their most common use is in elec- - _— ) A A
tronic equipment power supplies A\/*\/ no+
which take AC from the power line —

and transform it to DC which is re- F'
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quired to operate electron tubes.

Amplifier circuits take small volt- AMPLIFIER CIRCUIT
age changes and enlarge or amplify
them into large voltage changes.
Amplifier circuits are by far the
most commonly used circuits in
electronic equipment. They take
very weak signals that are barely
detectable and amplify them into
strong signals that can drive a

pair of earphones, a loudspeaker
or an oscilloscope.

OSCILLATOR CIRCUIT
Oscillator circuits generate AC —AWW—> B +
voltages at any particular desired

frequency. Oscillator circuits are

used to generate the AC voltages
that carry a radio signal from one
place to another. They are also
used very extensively for testing
other electronic circuits.
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INTRODUCTION TO ELECTRONICS

Parts Used in Electronic Equipment

Now that you have found out that there are only three basic types of elec-
tronic circuits (rectifiers, amplifiers and oscillators)that you have to be
concerned with, you probably would like to know about the parts used in
those circuits. Actually there are only six commonly used types of parts
in electronic circuits. Five of these parts you already know-—resistors,
capacitors, coils, transformers and switches. There is one additional
type of part that you will learn about very soon—"vacuum tubes."

You see that by understanding three basic types of electronic circuits and

the use of six types of parts in those circuits, you will understand all you
need to know about electronics for the present.

W\~
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WHAT A POWER SUPPLY IS

Importance of Power Supplies

Everything that lives or does work must have a source of power or a
"power supply." The sun supplies power that enables plants to manufac-
ture food, and food in turn supplies the power that makes you live and
move, - speak, run, and think. In the realm of non-living mechanisms,
the motor in the old Model "T*' supplied power to move the car as surely
as the huge turbines at Boulder Dam supply power today to drive elec-
tric generators.

It is obvious that the same kind of power is not used in the same way in
these different cagses. Each thing—large or small, living or non-living—
must take its power from a primary source such as the sun, falling water,
or an electric light socket and change it into the specific kind of power
needed. In electronics, then, a ""power supply" is a circuit or device that
changes the primary electric power into the kind and amount of AC or DC
needed by different types of electronic circuits.

-y

Evenything weede ite POWER SUPPLY
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WHAT A POWER SUPPLY IS

What Power Supplies Do

Let's get down to cases and find out just what a power supply is supposed
to do. Different types of electronic equipment—amplifiers, oscillators,
transmitters and receivers—contain different types of vacuum tube cir-
cuits which must have certain AC and DC voltages supplied to them before
they can operate. While there are exceptions, in general these various
vacuum tube circuits require approximately 350 volts DC and 6.3 volts
AC. Just why these two voltages are required ig something you will learn
when you come to study these circuits. For the present it is enough for
you to know that the usual power supply must put out these voltages.

When you plug any piece of electronic equipment into an electric outlet,
that outlet puts out 117 volts AC. That is not what you want—the vacuum
tube circuits usually must have 350 volts DC and 8.3 volts AC. How a
power supply changes the available line voltage into the high DC voltage
(called "B+" voltage in all electronics work) and low AC voltage is the
major subject of this section. ‘

T
9 am a typieal poue, , >
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WHAT A POWER SUPPLY IS

How a Power Supply Works—The Transformer

A typical power supply congists of three major components—a trans-
former, a rectifier and a filter.

You already know about transformers from your work in basic electricity.
A transformer is a device made up of two or more coils of wire wound on
an iron core. Transformers can take an AC voltage and increase it or de-
crease it depending upon the number of turns of wire in the various wind-
ings. Here are a few examples of transformers that you will find in elec~
tronic equipment power supplies.

TYPICAL
POWER TRANSFORMERS

In a typical power supply the transformer is connected to the 117-volt AC
power line through a suitable fuse and switch. The transformer puts out
three AC voltages—a voltage somewhat higher than 350 volts AC, 5 volts
AC and 6.3 volts AC. The 6.3 volt AC output is connected directly to the
vacuum tube circuits. The other two voltages are connected to the recti-
fier circuit where the high voltage AC is changed to approximately 350
volts DC. More than 350 volis AC are required to get 350 volts DC be-
cause of losses that occur in the process of changing AC to DC, so you
must begin with a higher voltage than you want to take out.

Over 350 volts AC To Rectifier
to Rectifier to be changed

to approximately
350 volts DC

5 volts AC ("B+")
to Rectifier
6.3 volts AC
to vacuum tube

1-9




WHAT A POWER SUPPLY IS

How a Power Supply Works--The Rectifier

Up to now you have learned that the job of a typical power supply is to take
117 volts AC from the power line and to put out approximately 350 volts
DC and 6.3 volts AC. You have learned that the major components of a
power supply are a transformer, a rectifier and a filter circuit; and you
have found out about the job of the transformer.

The job of the rectifier i8 to change the high voltage AC coming out of the
transformer into high voltage DC. The 5-volt AC voltage coming out of
the transformer is used to heat the rectifier tube, when such a type of rec-
tifier is used. The 5-volt AC winding is eliminated from the transformer
when it is not required for the operation of the rectifier.

The job of changing high voltage AC into high voltage DC is a difficult one.
All the rectifier can do is to change the AC into pulsating DC like this:

HAL F-W A VE RECTIFICATION

+ NANE

RECTIFIER

F UL L-W A V E RECTIFICATTION

ov ov.

RECTIFIER

Notice that the DC output i8 not a constant voltage but rises and falls in
time with the AC voltage input. When only the positive half cycles of the
input voltage are allowed to pass through the rectifier and the negative
half cycles cannot pass through at all, the process is called "half-wave
rectification. "

When the positive half cycle of the input voltage is allowed to pass through

the rectifier and the negative half cycles are changed to positive half
cycles, the process is called 'full-wave rectification. "
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WHAT A POWER SUPPLY IS

How a Power Supply Works—The Rectifier (continued)

The rectifiers you will work with in this section will be dry metal or
vacuum tube rectifiers. Either of these rectifiers come in half-wave or
full-wave types. Vacuum tube rectifiers require that the transformer
have a iow voltage AC winding which supplies the rectifier tube with
heater voltage. Dry metal rectifiers do not require this winding.

FCiNg
HALVF-WAVE RECTIFICATION

M AWAWAR

RECTIFIER

il
U

F U RECTIFFICATION
0y oy
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WHAT A POWER SUPPLY IS

How a Power Supply Works—The Filter

So far you have learned that the job of a typical power supply is to take

117 volts AC from the power line and to deliver approximately 350 volts
DC and 6,3 volts AC. You have learned that the major components of a
power supply are a transformer, a rectifier and a filter circuit. You have
learned the purpose of the transformer and the rectifier, and now you are
ready to learn about the filter.

You know that the output of the rectifier is a pulsating DC voltage. What
you want is a steady DC voltage of +350 volts with as little pulsation as
possible.

' + — <« Voltage Output
D) —

But the Rectifier gives you. . . .

ay FAON sy AN

The job of the filter circuit is to smooth out the pulsations in the rectifier
output and give you a steady voltage with little or no ripple. Filter cir-
cuits come in various forms, but all filter circuits are made up of various
combinations of inductances and capacitors or resistances and capacitors.
You will learn how these filter circuits work to smooth out the pulsations
in the rectifier output as soon as you have done some work with various
rectifier circuits.

FILTER
;‘v' NNAN mp |CIRCUIT ;t ——

+ FILTER | ¥ —m4m88M8—
m_ » CIRCUIT  —

TYPICAL
CIRCUITS
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WHAT A POWER SUPPLY IS

Voltage Regulators

A typical power supply is made up of a transformer, a rectifier and a fil-
ter circuit. This is all that is required to give you the high voltage DC
and the low voltage AC required to operate various types of electronic cir-
cuits. However, when current is drawn out of the high voltage DC termi-
nal of a power supply, the voltage drops. This is due to the internal re-
sistance of the power supply. It is not unusual for the 350-volt DC output
to drop to 300 volts when the current drawn out increases from 0. 05 amp
to 0.100 amp,

This voltage drop is not serious for many types of electronic circuits, and
they will go right on working in the proper manner. However, there are
some types of electronic circuits that cannot operate properly if the volt-
age varies more than two or three volts. These types of circuits require
that the power supply have a voltage regulator circuit added to it, When a
power supply has a voltage regulator circuit, only those circuits that re-
quire a constant voltage are connected to the voltage regulator-—other cir-
cuits are usually connected directly to the unregulated high voltage DC
terminal.

The basic part of all voltage regulator circuits is the voltage regulator
tube, commonly known as the ""VR" tube. These tubes are made so that
they will hold the DC voltage at a particular point in spite of current vari-
ations. VR tubes are made so that they will hold the voltage at 59, 75, 90,
108, and 153 volts DC. By using various combinations of these tubes, you
can get a constant voltage of almost any value that is required.




WHAT A POWER SUPPLY IS

Why There are Different Types of Power Supplies

You know that most power supplies are made up of transformers, recti-
fiers, filter circuits and sometimes voltage regulators. You can get al-
most any kind of power supply by putting these components together in
various ways. Of course, sometimes you will have to use large rectifier
tubes and large transformers; sometimes you will have to use sub-miniature
parts; but, large or small, all the circuits will contain the same components.

VARIOUS
COMBINATIONS

Whether large or
small, use standard
circuits




WHAT A POWER SUPPLY IS

Why There are Different Types of Power Supplies (continued)

Now you will want to know why there are different types of power supplies
used in various types of equipment. After all, the major job they do is
nothing more than changing AC into DC.

TYPICAL
POWER
SUPPLY

The reason why different types of power supplies are required is simple.
One power supply you may build would go up in smoke if you drew much
more than 150 ma. of current from the high DC voltage supply. Certain
types of transmitters require as much as 5,000 or 10,000 ma. from their
power supplies. Certain special oscilloscope circuits may require a DC
output of 10, 000 volts or more.

1-15



WHAT A POWER SUPPLY IS

Why There are Different Types of Power Supplies (continued)

Some special radar circuits require power supplies with especially good
voltage regulation. This means that the DC voltage put out by the power
supply must not change more than one or two volts when the current is
varying.

Sometimes power supplies are needed that will put out negative DC volt-
ages rather than positive DC voltages. Sometimes power supplies are
needed that will put out several positive and several negative DC voltages.
Sometimes a super-low ripple is required, etc. etc.

From this, you can see that there are many jobs for power supplies.

| Powwer Supptice wanted !

HIGH VOLTAGE

HEAVY CURRENT
SUPER-LOW RIPPLE
SPECIAL VOLTAGE REGULATION

VARIABLE VOLTAGE
oy | e
e, _

<\

é )

By
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

Changing AC to DC

Most electric power is distributed by AC power lines and most electronic
equipments contain power supplies which change the AC power line voltage
to those DC and AC voltages required by the equipment. To change the
AC power line voltage to other AC voltages is relatively simple. A trans-
former is used to either step up or step down the line voltage, to obtain the
required AC voltages.

POWER SUPPLY TRANSFORMERS STEP UP OR STEP DOWN

VOLTAGES AS REQUIRED

secondary to raise voltage
Step-UP
Primary
£ ) E IStep-»DOWNL 5
AC Power Line secondary to lower voltage

To obtain the required DC voltages, the AC line voltage must be changed

to DC. This changing of AC to DC is called "rectification," Devices which
change AC to DC are called "rectifiers" and circuits used to change AC to
DC are called "rectifier circuits."

sitiefe]e

Rectifiers are devices which allow current to flow through them in one
direction only, acting as a conductor for current flow in one direction and
as an insulator for current flow in the other direction. Thus when a recti-
fier is placed in an AC circuit every other half-cycle of the AC voltage
causes current flow in the circuit in that direction for which the rectifier
is a conductor. Since the alternate half-cycles are trying to force current
through the circuit in a direction for which the rectifier acts as an insula-
tor, no current flows during these alternate half-cycles. As a result, the
current flow in a simple rectifier circuit is pulsating DC (alternate half-
cycles of AC) rather than a steady DC current flow.

RECTIFIER AC DC
CIRCUITS
. HALF-WAVE
CHANGE RECTIFIER -*—M—
CIRCUIT Output

A RECTIFIER S

conducts in one direction.

insulates in the other.. ___/o«__e
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

Dry Metal Rectifiers

When certain metallic materials are pressed together to form a junction,
the combination acts as a rectifier having a low resistance to current flow
in one direction and a very high resistance to current flow in the opposite
direction. This action is due to the chemical properties of the combined
materials. The combinations usually used as rectifiers are copper and
copper-oxide, or iron and selenium. Dry metal rectifiers are constructed
of disks ranging in size from less than a half inch to more than six inches
in diameter. Copper-oxide rectifiers consist of disks of copper coated on
one side with a layer of copper oxide while selenium rectifiers are con-
structed of iron disks coated on one side with selenium.

DRY METAL
RECTIFIERS [

Copper < Iron

O

Copper Oxide — — Selenium

Coating Coating

COPPER OXIDE e SELENIUM

RECTIFIER & = RECTIFIER
Dry metal rectifier elements (an element is a single disk)are generally
made in the form of washers which are assembled on a mounting bolt in
any desired series or parallel combination to form a rectifier unit. The
symbol shown below is used to represent a dry metal rectifier of any type.
Since these rectifiers were made before the electron theory was used to
determine the direction of current flow, the arrow points in the direction
of conventional current flow but in the direction opposite to the electron

flow. Thus the arrow points inopposite direction tothat of the current flow
as used in electronics.

DRY METAL RECTIFIER SYMBOL

‘}
ELECTRON current flow

opposite direction from symbol arrow
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

Dry Metal Rectifiers (continued)

Each dry metal rectifier element will stand only a few volts across its
terminals but by stacking several elements in series the voltage rating is
increased. Similarly each element can pass only a limited amount of cur-
rent. When greater current is desired several series stacks are con-
nected in parallel to provide the desired amount of current.

dences olacking cncneases Uhe
VOLTAGE RATING of a dry metal nectiffen

Rectifier Element
Metal Spacer

CONNECT ELEMENTS
INCREASING PLATE & IN PARALLEL
AREA

PARALLEL

Dry metal rectifiers are very rugged and have an almost unlimited life if
not abused. Because of the low voltage rating of individual units they are
normally used for low voltages (130 volts or less) since it becomes im-
practical to connect too many elements in series. By paralleling stacks
or increasing the diameter of the disks, the current rating can be in-
creased to several amperes so that they are often used for low voltage~
high current applications. Very small units are used to measure AC volt-
age on a DC voltmeter. Larger units are used in battery chargers and
various types of power supplies for electronic equipment.
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

Dry Metal Rectifiers (continued)

Selenium rectifiers are used in power supplies while copper oxide recti-
fiers are used in special applications such as meter rectifiers. A typical
selenjum rectifier of the type used in practical power supplies is illus-
trated below. It is rated at 130 volts AC and can furnish a maximum of
100 ma. of DC current. The + terminal marking indicates the polarity of
the rectifier and is used for identification of leads when connecting the
rectifier in a circuit. The positive terminal is sometimes identified by a
red dot and the negative terminal by a yellow dot.

Terminal marking

Radiation plates

A perfect rectifier would offer no resistance to current flow in one direc-~
tion and infinite resistance in the opposite direction, but such a rectifier
is only theoretical. Practical rectifiers used in power supplies actually
have low resistance in one direction and very high resistance in the oppo-

site direction. For dry metal rectifiers these resistances can be meas-
ured with an ohmmeter.

To test a selenium rectifier the resistance across the terminals is meas-
ured in one direction, and then the ohmmeter leads are reversed to meas-
ure the resistance in the opposite direction. If the high reading is 10 or

more times as large as the low reading, the rectifier is in good condition.
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

A Half-Wave Rectifier Circuit

A basic half-wave rectifier circuit consists of a rectifier connected in
series between the AC voltage source and the circuit load resistance. The
rectifier permits current to flow only during the positive half cycles of the
applied AC voltage and the circuit current then is pulsating DC. In the cir-
cuit illustrated, the applied line voltage is 117 volts, 60 cycles AC and cur-
rent flows only for one half of each cycle. Thus the current flow through
the circuit is in pulses at the rate of 60 pulses per second. Actually there
is a slight current flow in the opposite direction during the negative half
cycles but it is so small that it is considered to be zero.

This simple circuit illustrated is the basic circuit used to change AC to
DC. When connected as shown, the DC voltage across the load resistor is
positive at the end which connects to the rectifier and negative at the other
end. The negative terminal of the load resistor is normally grounded to
the chassis in 2 power supply.

HALF-WAVE RECTIFIER CIRCUIT

|
;

|
——
——
AAAAAAA

117V
60

yyyeyy
+
|

—d
-
0

To reverse the polarity of the DC voltage obtained, the rectifier is reversed.
This allows current to flow only on the opposite half cycles as comparedto
the previous circuit. This circuit is used to obtain a negative DC voltage
with respect to ground. The grounded end of the load resistor is positive.

REVERSING THE POLARITY OF

OUTPUT VOLTAGE

Note that the rectifier
has been reversed

* + ¥
0 o——e_ o—eo=8|gq—— 0
- f = "—\/-—\/ -
117v EE
GOi\: ‘E: +
o—
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HALF-WAVE RECTIFIERS—DRY METAL TYPE

Review

RECTIFICATION — When a device e DC

called a rectifier is placed in series

with an AC circuit, it permits current ClRCUlT

to flow only in one direction, changing .

the applied AC voltage to pulsating DC.

Rectification is the changing of AC

to DC. Output

DRY METAL RECTIFIERS — A recti-
fier consisting of two unlike metallic
substances pressed together, which
allows current flow in one direction
only. Copper-oxide and iron-selenium
combinations are usually used to con-
struct dry metal rectifiers.

® @@@C@ =

Copper-oxide

al
HALF-WAVE RECTIFIER CIRCUIT — <2 o
A rectifier connected in series between 117V
an AC voltage source and the circuit 60 ~
load resistance. The rectifier changes
the applied AC to a DC output voltage
across the load resistance. s

AMAAAA
YYVYvyy

Applied AC Pulsating

RECTIFIER CIRCUIT WAVEFORMS —

If the applied voltage is an AC sine
wave, the output waveform consists A_A_
of half cycles of the applied AC volt-

age. This output waveform is a pul-

sating DC voltage.

Input Output
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HALF-WAVE RECTIFIERS—VACUUM TUBE TYPE

Vacuum Tubes

Dry metal rectifiers are used in many power supplies to change AC to
DC but they are limited as to voltage and current rating. They are not
normally rated at voltages greater than 130 volts AC. Low voltage units
rated at 10 volts or less have a high current capacity, greater than 1 am-

pere, while the current capacity of higher voltage units is much less
than 1 ampere.

Because of the voltage and current limitations of dry metal rectifiers, an-
other type of rectifier, the diode vacuum tube, is often used in power sup-
plies. As a rectifier, the diode vacuum tube operates in the same way as
a dry metal rectifier, acting as a good conductor of current in one direc-
tion and as an insulator in the other direction. The diode vacuum tube also
has many other uses in electronics which you will find out about later.

VACOUM TUBES ARE USED AS
RECTIFIERS

e TR
DII)??I ';‘JETAL RECTIFIERS




HALF-WAVE RECTIFIERS—VACUUM TUBE TYPE

The Discovery of the Diode

The principle on which a diode is based was discovered some 70 years ago
—before anything was known about electrons.

Thomas Edison was working on an experiment with his incandescent lamps
in which a carbon filament was used. The filaments which he used broke
too easily as they were constructed of thin threads or filaments of carbon.

{ WHEN CURRENT FLOWS IN

1 THE FILAMENT, IT BECOMES
{ WHITE HOT AND LIGHT IS RA-

DIATED FROM IT.

In an effort to lengthen the life of his light bulbs, Edison constructed a
metal support which he connected to the fragile filament by insulated sec-
tions. For some unknown reason, he connected the metal support to the
positive side of a battery and the filament to the negative side. To his
surprise, he noticed that a current was flowing.

§ INSULATED |
SECTIONS

THE METER SHOWS

THAT CURRENT IS

FLOWING FROM THE

FILAMENT TO THE
R METAL SUPPORT.

Since nothing was known about electrons, Edison could not understand or
see any importance in his discovery and it took 21 years before Fleming,
a British scientist learned the significance of this flow of electrons. Be-
cause he observed that current could flow only in one direction, Fleming
called his vacuum tube a "valve." In fact, vacuum tubes are still called
"valves" by the British.
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HALF-WAVE RECTIFIERS—VACUUM TUBE TYPE

How a Diode Tube Works

The diode vacuum tube is like a game of baseball in which control is the
important thing. An understanding of how a diode vacuum tube controls
the flow of current is required to understand how a diode tube works
as a rectifier.

The parts of a vacuum tube which directly control the flow of current are
called elements. A heated element which gives up electrons is called the
cathode. The plate is a cylindrical element surrounding the cathode which
attracts electrons when it is positively charged. The cathode is heated
by a filament of resistance wire called a heater, which is not considered
to be an element since it does not directly control the amount of current
flow from cathode to plate. A vacuum tube of the type illustrated is called
a diode because it has only two elements, a cathode and plate.

ELECTRON

In addition to preventing the filament from burning, removing the air from
the tube prevents the air molecules from interfering with the flow of
electrons from cathode to plate. Sometimes the air is replaced by an
inert gas which aids rather than opposes the electron flow.

1-25



HALF-WAVE RECTIFIERS—~VACUUM TUBE TYPE
Electron Emission

The basic requirement of a diode vacuum tube is that there has to be a
source of freely moving electrons which can be used to give us current
flow, Of course, electrons are found in every atom of every substance
but we still need a method of driving them out of the substance to make
them freely moving,

In Edison's set-up, the intense heat of the filament did the trick, and
heat is used to do it in practically all the vacuum tubes you will see.

Driving electrons out of a substance by heat is known as "thermionic
emission. "

In the illustration, you will notice that the cathode is a cylinder or
"sleeve' which surrounds, but does not touch, the filament, The filament
is heated by the current flowing in it and the cathode is heated because it
is so close to the filament. This arrangement of parts is known as an in-
directly heated cathode.

ELECTRON ——=QO=__ _—-0
S =
CATHODE FILAMENT
THERMIONIC \
EMISSION -

T

Some tubes such as the Fleming's Valve or the type 80 rectifier tube have
what is known as directly heated cathodes, which means that there is no
sleeve around the filament and the filament is itself the electron emitter.

CATHODE

FILAMENT

DIRECTLY HEATED INDIRECTLY HEATED

Because they can emit many more electrons than the indirectly heated
type, directly heated cathodes are used in vacuum tubes designed for pow-
er supplies which supply high currents. Indirectly heated cathodes are
more frequently used in low-current power supplies. Having the heater
(filament) and the electron emitter (cathode) separate in an indirectly
heated tube allows for the separation of the filament's and the cathode's
electrical circuits.
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HALF-WAVE RECTIFIERS—VACUUM TUBE TYPE
Electron Emission (continued)

If the cathode and filament were alone in the glass tube, the emitted elec-
trons would form a cloud called "space charge' around the cathode, Like
the electrons in it, the space charge is negatively charged and therefore
tends to repel other electrons and to keep more electrons from being
emitted by the cathode, After a while, a balance would be reached be-
tween the tendency of the cathode to emit electrons and that of the space
charge to repel them.

LESS SPACE CHARGE

Low f
temperature

MORE
SPACE CHARGE

=

High
temperature

LOW FILAMENT
VOLTAGE

i

To increase the emission of electrons, you would have to raise the cath-

ode's temperature by increasing the filament current. If, on the other

hand, the cathode's temperature is lowered, the space charge will force

some of its electrons to re-enter the cathode, resulting in decreased

emission. The heater voltage for a tube is usually fixed. Various types of
tubes operate with AC or DC heater voltages in the range from 1.25
to 117 volts.
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How Current Flows in a Diode

When a positively charged plate is placed around the cathode, the electrons
are attracted from the space charge., The number of electrons which flows
to the plate depends on the plate voltage with respect to the cathode.

Cathode Space Plate
N charge
When the plate is more nega- WO
tive with respect to the cathode, e
no current flows from cathode to oo’
plate because the negative plate o
repels the electrons. Current o teer®
cannot flow from the plate to the e
cathode, since the plate does not Plate Voltage
emit electrons. s Supply @
d
—l
Milliammeter

When the plate and cathode are
at the same potential, the plate
neither attracts nor repels
electrons —— the current is
still zero.

As soon as the plate becomes
positive with respect tothe cath-
ode, current will flow from the
space charge.

If this plate voltage is doubled,
the current which flows is also
doubled, This is the normal way
for a diode to work: as long as
the plate is positive with respect
to_the cathode, every change in
plate voltage causes a corres-
ponding change in plate current.

Plate Voltage @
Supply

i
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How Current Flows in a Diode (continued)

Now that the plate is very positive with ’ —
respect to the cathode, the milliam- i
meter indicates that a very large cur-

rent is flowing. The plate is attracting
the electrons as fast as the cathode can

emit them, 4 Plate
Voltage
- Supply
S

e

At this point, a further increase in
plate voltage does not result in any ad-
ditional current. The current does not
increase because the cathode is emit- g

ting all the electrons it can. It is NOT
normal to operate a diode at such a
high plate voltage that changes in plate

voltage do not produce changes in Plate
plate current. Voltage @
- Supply

L a|afo[efo]olef,

I we now increase the filament voltage

above its normal value, we enable the e
cathode to emit more electrons and, Y
with the same plate voltage as before, %
we observe that a larger plate current S —

is flowing.

If we had reduced the filament voltage,
the current would have decreased be-
cause the cathode could not emit as

many electrons as before. In practice,

the filament voltage is not varied.

Changes in plate current are achieved 1
by varying the plate voltage as already

described, However, after a tube has

been used for some time, the cathode's
emission decreases and the result is
the same as if the filament voltage
were decreased,

—— el
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The Rectifier Tube

The process of changing AC into DC is called "rectification." To change
AC to DC a device must be used which will permit current flow in one di-

rection only. A diode vacuum tube is such a device, permitting current to
flow only from the cathode to the plate. Current does not flow from the
plate to the cathode because the plate is not heated and therefore does not

emit electrons. Since the plate will not emit electrons but will, when posi-
tive, attract electrons from the cathode space charge, the diode is a con-

ductor only from cathode to plate and not from plate to cathode.

Any diode will rectify AC into DC but some are especially designed for use
in power supplies and these are referred to as rectifier tubes. A typical
rectifier tube with its schematic symbol is illustrated below. It is a twin
diode (two diode tubes in the same glass envelope) and has a directly
heated cathode. A filament which also acts as the cathode is suspended

inside each metal plate and the two filaments are internally connected in
series.

 GLASS ENVELOPE

PLATE

FILAMENT




HALF-WAVE RECTIFIERS—VACUUM TUBE TYPE

The Rectifier Tube (continued)

Some rectifier tubes have indirectly heated cathodes. A typical tube of
this type is illustrated below. Vacuum tubes of all types are identified by
number and the numbering system, which you will find out about later, in-
dicates certain characteristics of the tube. The rectifier illustrated on
the preceding sheet is a type 80 tube and the one illustrated below is a

117Z6-GT.

INDIRECTLY HEATED

Cathode Type Rectifier Tube

Cathode
Filament‘k

Vacuum tubes are constructed with a plug-in base which fits into a socket.
The socket is permanently wired into the circuit and the tube is remov-
able and easily replaced. Vacuum tubes have a relatively short life as
compared to other components used in electronic equipment and a method

of easy replacement is required.

Although many special types of sockets are used, most of the vacuum
tubes used in electronics require one of the eight sockets illustrated below.
One method of classifying tubes is according to the socket required. The
pin numbering system is also illustrated and refers to the bottom side of
the socket since the circuit wiring is done on that side.

(o]

O Five-0
Prong

Miniature 7 pin Miniature 9 pin
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The Rectifier Tube (continued)

In an indirectly heated tube, the
cathode and filament are sepa-
rate structures and are connected
to separate circuits. In a di-
rectly heated tube, the filament
replaces the two structures, and
is connected to two circuits. The
filament wires are connected
across a low voltage of about 5
volts which heats the filament
and causes thermionic emission.
In addition, one of the filament
wires is connected to the circuit
to which a cathode would be con-
nected if the tube were indi-
rectly heated.

SAME
CIRCUIT

DIRECTLY HEATED

There are two different ways of using a rectifier tube which has two
plates and one filament. K both plates are connected together, the
tube is acting the same as one diode because, in effect, you have only
increased the plate area.

The other way is to connect the plates separately to different parts of the
circuit. In this way the plates will not be at the same voltage and the effect
is the same as using two separate diodes with the cathodes (or filaments)
connected together. No matter how the connections are made, each plate

will draw current only when it is positive with respect to the filament.

TWO PLATES CONNECTED TWO PLATES CONNECTED
TOGETHER SEPARATELY
O O
- e
A To ™
Filament
o— x Voltage Or—-§ b—x
x Source x
ACT LIKE. . . ACT LIKE. . .
—0
o.____—-
= —
X
o— x o— i L5
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A Half-Wave Vacuum Tube Rectifier Circuit

A diode rectifier tube may be used in the half-wave rectifier circuit in
place of a selenium rectifier if there is a voltage source available to sup~
ply the filament current required by the rectifier tube. The basic recti-
fier circuit using a vacuum tube rectifier is illusirated below. If the plate
and cathode connections are reversed the polarity of the DC output volt-
age is reversed.

£ eater or Filament Voltage
vACUUM T8 L s [ N
RECTIFIER C!

VWVWYvy

AMAAM
=]
(o]

j Current Flow
—

The rectifier tube filament circuit requires an additional source of fila-
ment voltage not required by the selenium rectifier—otherwise the opera-
tion of the circuit is identical to that of the basic dry metal rectifier cir-
cuit. Rectifier tube filaments are rated in volts and amperes so that the
filament must be connected to a voltage source of the rated voltage and
current. Filament or heater voltages are normally obtained from a step-
down transformer or by using a series resistor to drop the line voltage
to the correct value. Tubes having heaters rated at the same current are
sometimes connected in series across the AC power line. Some rectifier
tube heaters are rated at 117 volts and may be connected directly across
the AC power line.

FILAMENT OR Kl
HEATER CIRCUITS

-

ep-Qo A O C
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Vacuum Tube Circuit Wiring

In electronic circuit diagrams, vacuum tubes like other parts are repre-
sented by symbol. Usually the symbol shows only the connection of the
tube elements to various parts of the circuit. To wire the socket, it is
necessary to refer to a tube manual which shows the pin numbers of each
tube element. In the illustration below a 117Z6-GT is shown in the circuit
diagram with the plates and cathodes connected together to form a single
diode. The tube base diagram of the type found in a tube manual and the
actual wiring connections for the socket are shown below.

A

o —1°
117-volt
AC Power
Line

o —e B

Basfuglagmlﬁaflrom Actual socket wiring

(4 (5

_ To Point
C

To Point B

There is a wide variation in the method of representing a vacuum tube in a
circuit diagram and tube pins as well as elements are sometimes indicated.

SOME METHODS USED TO SHOW VACUUM TUBES IN CIRCUITS

i —\—

5 G)
By Symid. e
@ D
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The Gas-Filled Diode

You have already learned about two types of rectifying devices—the high
vacuum diode and the dry metalrectifier. You have been told that the dry
metal type could be used in the same circuit as the diode and the circuit
would work the same way. Now you are going to find out about a third
type of rectifying device which is used in similar circuits and works in
very much the same way,

Not all diodes are vacuum tubes. In some,all the air is removed from the
tube and, before the tube is sealed, a small amount of chemically-inactive
gas is placed in it. Then, instead of a high vacuum, the diode would have a
low pressure gas in it. One common gas tube has a small quantity of mer-
cury placed in it and, because of the low pressure around it, the mercury

vaporizes. The mercury vapor acts the same way as an inert gas such as
neon or argon,

The symbol for a gas tube or mercury vapor tube differs from the symbol
of a high vacuum tube only by the round dot which indicates the presence
of the gas. Any time you see that dot on a tube symbol, you know that the
tube is of the gas-filled type.

GAS-FILLED (N
DIODE

As you can see in the illustration, a gas tube has the same basic type of
heater and cathode arrangement as the conventional diode. Many gas

tubes have directly heated cathodes similar to the one in the type 80 high
vacuum rectifier diode. Furthermore, the purpose of the cathode is the
same in both types of tubes— to emit electrons.
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The Gas-Filled Diode (continued)

A diode acts just like an ordinary resistor when the tube is conducting.
This is its disadvantage. Let's see why.

When you draw only a little current from a power supply which has a high
vacuum rectifier, there is only a small voltage drop across the diode, As
a result, the B+ voltage is very high. On the other hand, when a large
current is taken from the power supply, the drop across the tube becomes
very large and the B+ voltage drops way down. For this reason, a power
supply using a high vacuum diode does not have good regulation. Regula-
tion, is a measure of how well a power supply can maintain a constant out-
put voltage as the load current varies from zero up to rated current. Be-
cause of its poor regulation, high vacuum rectifiers, aren't in power sup-
plies which must deliver large load currents.

WHEN THE

LOAD
CURRENT

GOES UP ----

THE -
OUTPUT J

C
V

GOES DOWN
T oS S7 1O TN

A POWER SUPPLY USING A
HIGH VACUUM DIODE

HAS Poor Regulation
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The Gas-Filled Diode (continued)

In a gas diode, electrons flow from the cathode to the plate just as in any
diode. These electrons passing through the gas at fairly high speeds,
knock one or more electrons out of the gas atom,leaving the atom with a +
charge, and the gas is said to be ionized. The positive ions (the atoms
which have had electrons knocked out of them) drift over to the cathode
and pick up the electrons they lack. Some time later, another fast moving
electron will knock some electrons out of the neutral atom, thus ionizing
it again, In this way the gas always contains some ionized atoms.

Ionized gas has an amazing property. When a little current flows through
the tube, there is a voltage drop across the tube of about 15 volts. When

a lot of current passes through the tube, the voltage drop across the tube
is still about 15 volts. There is an extremely small change in this voltage
drop as the tube current varies over a wide range,

You can see that if the voltage across the gas tube is constant at different
load currents, the B+ voltage will not change as much as it did in a power
supply using a high vacuum tube. For this reason, the gas tube causes
the power supply to have a better regulated output voltage than did the
high vacuum tube.

You will find gas rectifiers used on any power supply which must deliver
large load currents. Because of the low drop across the gas rectifier, the
power supply will be much more efficient than if a high vacuum tube had
been used.

SYRCTZDAETI).

WHEN THE THE

OUTPUT
C IILRORAEDNT VOLTAGE (B+)

GOES UP ---- REMAINS CONSTANT
A POWER SUPPLY USING A

GAS-FILLED DIODE

HAS Good Regulation
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Review of Vacuum Tube Rectifiers

DIODE VACUUM TUBE — A two element

vacuum tube consisting of a heated cathode
and a metal plate enclosed in a glass en-
velope or tube from which the air has
been removed.

ELECTRON EMISSION -— The action of the
cathode in giving up electrons when the
cathode is heated.

SPACE CHARGE — The negative charge in
the area surrounding the cathode caused
by the emission of electrons from the
cathode.

RECTIFIER TUBE — A vacuum tube made
especially for use as a rectifier.

FILAMENTS — Fine wire heater used to
heat the cathode in a vacuum tube. In
directly heated cathode tubes, the filament
and cathode are the same wire while in in-
directly heated cathode tubes, the filament
is called a heater and is used only to heat
the cathode.

BASIC VACUUM TUBE RECTIFIER
CIRCUIT — A diode vacuum tube con-
nected in series with an AC voltage source
to change AC to DC.
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HALF-WAVE RECTIFIERS—TRANSFORMER TYPE

Transformer Type Power Supplies

The two basic rectifier circuits which have been discussed are used to
change the 117 volt AC line voltage to DC. These rectifier circuits are
often used for inexpensive power supplies when it is not necessary to
isolate the rectifier circuit from the AC power line or to obtain DC
voltages greater than 120 volts.

By adding a transformer to the circuit between the power line and the rec-
tifier, the AC voltage can be increased or decreased resulting in a cor-
responding rise or fall of the DC output voltage. Also the output of the
rectifier circuit will be completely isolated from the power line, and vari-
ous filament voltages may be obtained by using additional secondary wind-
ings on the transformer. Because of the different voltages required and
the need for isolating circuits in electronic equipment, most power supplies
are of the transformer type. Several typical power supplies of this type
are shown below.
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HALF-WAVE RECTIFIERS—TRANSFORMER TYPE

The Diode in a Transformer Type Circuit

All rectifiers, including the half-wave rectifier, change an AC voltage in-
to a pulsating DC voltage. Each rectifier accomplishes this by allowing
current to flow in the circuit in only one direction, and only slight differ-
ences exist in different rectifier circuits. You are going to see how the

half-wave transformer type rectifier circuit makes the change from AC to
pulsating DC.

The rectifying action of this circuit depends on the operation of a diode,
the rectifier tube. The theory of operation of the diode has already been
covered but, in order to understand the operation of the diode in the trans-
former type circuit, you should review these two facts.

1. The diode allows electrons to pass through it only when its plate is
positive with respect to its cathode.

o+ il

I
Ml

Al
[l

2. The diode does not allow electrons to flow through it when the plate is
negative with respect to the cathode.

oea—-
—
O
L o
—
[

You know from your previous experiment with a diode that when the tube
is connected across the 60 cycle power line the diode plate becomes posi-
tive 60 times per second and negative 60 times per second. Connecting
the diode to the high voltage winding of a transformer keeps the situation
exactly the same except that the voltage put on the plate is much higher,
and the resulting pulsating DC is at a correspondingly higher voltage.
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HALF-WAVE RECTIFIERS—TRANSFORMER TYPE

The Diode in a Transformer Type Circuit {continued)

Suppose you put the diode into a simple half-wave circuit with a trans-
former and see how it changes AC into DC.

When the transformer voltage makes the rectifier tube plate positive, elec-
trons flow, and a voltage appears across the load.

When the transformer voltage makes the rectifier tube plate negative, elec-
trons cannot flow and, of course, no voltage can appear across the load.

é\

-+

The diode rectifier tube, by allowing electrons to flow through it in only
one direction (from cathode to plate), causes pulses of current to flow
through the load and, therefore, causes a pulsating DC voltage to appear
across the load. The AC voltage input from the transformer appears as a
pulsating DC voltage across the load. Notice that the half-wave rectifier
has used only the positive half of the AC input. The negative half is not
uged at all.
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HALF-WAVE RECTIFIERS—TRANSFORMER TYPE

Circuit Diagram of a Transformer Type Circuit

Notice the similarity between the two circuits. You can see that:

1.

Only one-half of the transformer high voltage winding is used-—the half
from terminal 5 to terminal 7. This supplies the rectifier tube plate
voltage.

The current path from the transformer to the load will be through the
chassis (ground).

The load will be represented by the 25K resistor.

The two plates of the rectifier tube have been wired together so that
the tube acts like a single diode.

The tube has a directly heated cathode. Therefore, the cathode is con-
nected to the transformer filament winding—terminal 1 and terminal 3
—as well as the load.
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Operation of the Transformer Type Circuit

The basic operation of the half-wave rectifier circuit just shown has
been described previously. In the circuit diagram illustrated the flow
of current through the circuit is indicated by arrows. The + and - signs
show the reversal in polarity of the transformer secondary voltage for
alternate half cycles. The rectifier tube will only conduct from cathode
(filament) to plate, and only when the plate is positive with respect to
the cathode.

A HALF-WAVE RECTY

A
c“““ﬁ >
€ __ T
411"'+—
_+ A
T | 25K
<~ 10w
L‘J A
\

>
-

.

X
\
g \ -—
X v

Current flows for half-cycle
while plates are positive.

—

The . 001 mfd. capacitor used does not effect the circuits basic operation
as a half-wave rectifier. This condenser is connected between one side of
the AC power line and ground to reduce electrical interference and prevent
such interference from passing through the rectifier circuit. Capacitors
used for this purpose may be connected in any of the ways illustrated below.

POWER LINE FILTER CONDENSER CIRCUITS

1

-—
v
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HALF-WAVE RECTIFIERS—TRANSFORMER TYPE

Review of the Half-Wave Rectifier Circuit

TRANSFORMER TYPE POWER
SUPPLY — A power supply which
uses a transformer to either
raise or lower the AC power line
voltage to obtain a desired value
of DC output voltage.

HALF-WAVE RECTIFIER
CIRCUIT — A rectifier circuit

using a single rectifier unit
which changes AC to DC by al-
lowing current to flow only in one
direction. Alternate half-cycles
of the AC power wave are utilized
to provide a pulsating DC output.
The circuit sometimes uses a
transformer to increase or de-
crease the output voltage.

CURRENT FLOW IN A HALF-
WAVE RECTIFIER CIRCUIT —

AC is applied to the rectifier
plate and current flows only
during those half-cycles which are
positive on the plate side of the
circuit input.

HIGH VOLTAGE MEASUREMENT
— Always use only one hand in
measuring voltages or testing cir-
cuits where high voltage is present.
Use a test prod which is insulated
and rated for working with high
voltages.
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THE FULL-WAVE RECTIFIER CIRCUIT

Full-Wave Rectifiers

You have seen how the half-wave rectifier works. Now, in the following
sheets you will see how the full-wave rectifier does the same job in a
slightly different way.

You must know the full-wave rectifier because it is used in nine out of ten
pieces of electronic equipment. It may be supplying any voltage from 100
volts to 5,000 volts. On any ship, any station, anywhere where electronic
equipment is used, you'll find full-wave rectifiers supplying most of
the power.

FULL-WAVE RECTIFIER
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THE FULL-WAVE RECTIFIER CIRCUIT

How the Full-wave Rectifier Works

In a full-wave rectifier circuit a diode rectifier tube is placed in series
with each half of the transformer secondary and the load. Effectively,
you have two half-wave rectifiers working into the same load.

On the first half-cycle the transformer's AC voltage makes the upper diode
rectifier plate positive so that it conducts and, as a result, current flows
through the load causing a pulse of voltage across the load. Notice that,
while the upper diode conducts, the lower diode plate is negative with re-
spect to its cathode so that it does not conduct.

On the second half-cycle the plate of the upper diode is negative so that it
cannot conduct, whereas the plate of the lower diode is positive so that cur-
rent flows through it and through the load. Since both pulses of current
through the load are in the same direction, a pulsating DC voltage now ap-
pears across the load. The full-wave rectifier has changed both halves of
the AC input into a pulsating DC output.

I
I

1 &

§

L

Wil




THE FULL-WAVE RECTIFIER CIRCUIT

The Full-wave Rectifier Tube

The diagramon the previous sheet shows two separate rectifier tubes being
used in the full-wave rectifier circuit. Sometimes you may find thiscircuit
used in power supplies but more frequently justone tube is used in the full-
wave rectifier. If you will refer back to the diagram on the previous sheet,
you will see that the filaments of the two tubes are connected together.

Since this is so, two separate rectifier tubes can be put together into one
envelope so that the two plates share a common filament. The full-wave
rectifier tube therefore contains two plates but only one filament. Sucha
tube is the 80 rectifier tube.

When a full-wave rectifier is used in a full-wave rectifier circuit, the cir-
cuit is most commonly drawn like this.

Notice that in this tube there is only one filament which supplies electrons
to both plates. Duringone-half of the AC input cycle, one plate draws elec-
trons from the filament and, during the other half of the cycle, the other
plate draws the electrons. As in any diode, the direction of current flow
inside this tube is always from the filament and this current flows first to
one plate and then to the other. The load, which is in series with the fila-
ment, therefore has pulsating DC current flowing through it.
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THE FULL-WAVE RECTIFIER CIRCUIT

Current Flow in the Full-wave Rectifier Circuits

The illustration below compares the operation of the full-wave rectifier
circuit to that of a basic full-wave rectifier.

In the basic circuit illustrated, plates 1 and 2 of the rectifier tube are con-
nected to opposite ends of the transformer winding so that there is always
a 180 degree phase difference between the voltages applied to the two
plates. Current flows only to that plate which is positive so that current
flows from a common cathode to each plate on alternate half cycles. Since
the load resistor is connected between the cathode and the transformer
secondary winding centertap, the current flow in the load resistor is in
the same direction for both half cycles.

In the basic full-wave rectifier circuit two cathodes are used but since
they are connected together a single common cathode can be used instead
in a typical circuit. Also in the basic circuit one end of the load resistor
connects directly to the transformer secondary winding centertap and no
ground connection is used. This connection can be made by grounding the
centertap and one end of the load resistorto different points on the chassis.

BASIC FULL-WAVE
RECTIFIER CIRCUIT

TYPICAL COMPLETE FULL-WAVE RECTIFIER CIRCUIT
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THE FULL-WAVE RECTIFIER CIRCUIT

The Bridge Rectifier Circuit

The bridge rectifier, just like the other rectifiers you have studied, changes
AC voltage to DC voltage. Here's how it does it!

Four dry metal rectifiers are hooked together with the AC input and the
load as shown. As the AC voltage input swings positive, current flows
from one side of the input through one dry metal rectifier, through the
load, and then through another dry metal rectifier back to the other side
of the input.
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Then, when the AC voltage input swings negative, current flows through
the other pair of dry metal rectifiers and the load. Notice that the current
flow through the load is in the same direction during both half-cycles of the
input wave. Therefore, the voltage developed across the load is pulsating
DC which can, of course, be filtered just as any other pulsating DC output
from a rectifier circuit.
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THE FULL-WAVE RECTIFIER CIRCUIT

The Bridge Rectifier Circuit (continued)

In actual practice the four dry metal rectifier units used in the bridge rec-
tifier circuit are joined together in one physical unit and are connected ex-
ternally into the bridge rectifier circuit.

A L 1T YrIryYyr)
B ..... * 5
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To get from the pictorial to the schematic diagram, just imagine the two end
units being rotated around as shown below. Before you continue, make sure
you understand the relationship between the physical unit and the schematic.

SCHEMATIC
DIAGRAM
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THE FULL-WAVE RECTIFIER CIRCUIT

Review of the Full-Wave Rectifier Circuit

FULL-WAVE RECTIFIER CIRCUIT -

A rectifier circuit which utilizes both

cycles of the applied AC voltage to ob-

tain pulsating DC. A center-tapped E

transformer secondary winding is used %

with two diodes rectifying alternate half
cycles of the voltage, causing pulses
of current to flow in the same direction
through a load resistor for each half
cycle of applied AC.

FULL-WAVE RECTIFIER TUBE - A
vacuum tube consisting of two specially
designed diodes and a common cathode
in the same glass envelope. Both di-
rect and indirectly heated cathodes are
used depending on the requirements of
the rectifier circuit.

CURRENT FLOW IN THE FULL-
WAVE RECTIFIER CIRCUIT - Current
TTows Irom the rectilier tube cathode
to whichever plate is positive, then
through one half of the secondary
winding to the chassis ground. From
the ground point it flows through the
chassis to one end of the load resistor -
then through the load resistor back to
the rectifier tube cathode.
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FILTER CIRCUITS
What You Have to Know about Power Supplies
Learning all about the various power supplies is going to be a simple job.

Why? Because you can open up any power supply and find that it contains
only two major circuits—the rectifier circuit and the filter circuit.

Rectifier Circuit

You already know that there are only two types of rectifier circuits in gen-
eral use—the full-wave and the half-wave rectifiers—and they both per-
form the same job of changing AC into pulsating DC. There are only three
types of filter circuits that are in general use. These filter circuits all
have one thing in common—~—they remove the ripple from the pulsating DC
output of the rectifier.

In addition, there is only one basic type of voltage regulator tube which is
used with power supplies. As its name implies, this tube maintains the
output voltage of a power supply at a required value in spite of line voltage
fluctuations or variations of load current.

Know these power supply circuits and you know almost all you will ever
have to know about power supplies. This is true because nearly every
power supply that exists consists of various combinations of basic recti-
fier circuits, basic filter circuits, and voltage regulator tubes.

The three most common types of filter circuits used are shown on the
next sheet.
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Power Supply Filter Circuits

%6 A€ THE THREE FILTER

_ CIRCUITS YOU WILL LEARN NOW

v v

THE CONDENSER THE CHOKE
INPUT FILTER INPUT FILTER

THE TWO SECTION
FILTER

THESE ARE THE FILTERS
YOU WILL SEE IN YOUR
POWER SUPPLY CIRCUITS




FILTER CIRCUITS

Characteristics of the Rectifier Output

You have been told that electronic circuits in general require a source of
about +350 volts DC and a source of 6.3 volts AC in order to operate. The
power supply transformer supplies the 6.3 voits AC directly to the heaters
of the tubes requiring it. The transformer feeds high voltage AC into the
rectifier and rectifier puts out pulsating DC that looks like this:

LF-WAVE RECTIFIER OUTPUT

The electronic circuits which are connected to the power supply output
cannot use a pulsating voltage of this sort. What these circuits require is
a steady DC voltage with as little pulsation as possible. The purpose of
the filter circuit is to remove the pulsations from the rectifier output and
deliver a steady DC voltage.

The output of a rectifier tube consists of pulses of current which always
flow in the same direction through the load resistor. The current rises
from zero to a maximum and then falls to zero, repeating this cycle over
and over again. At no time does the electron current through the load
resistor change its direction and flow from the filament to ground. The
voltage resulting from this flow of electrons through the load resistor is a
voltage that rises from zero to a maximum and then falls back to zero, re-
peating this cycle over and over again. This voltage takes on the shape of
half sine waves. In the case of a half-wave rectifier the average DC volt-
age is 31. 8 percent of the peak value. In the case of a full-wave rectifier
the average DC is 63. 6 percent of the peak value.

HALF-WAVE RECTIFIER OUTPUT FULL-WAVE RECTIFIER OUTPUT

Voltage Voltage
100 100 e pem=pe -5
i el WAV
Voltage 31.8 Voltage
0- 0
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FILTER CIRCUITS

AC and DC Components

If you connect a DC voltmeter across the rectifier output you will get a
reading. If you connect an AC voltmeter across the rectifier output, you
will also get a reading. This AC reading is a result of the output voltage
variation. Therefore, the output of the rectifier can be considered as a
DC voltage with an AC voltage superimposed upon it. You can look upon
the job of a filter circuit as the job of removing the AC portion(or AC
component) of the rectifier output and allowing only the DC component to
get to the power supply output terminals. If the filter succeeds in re-
moving all of the AC from the rectifier output, only pure DC will be left.

You may now ask the question "How can a pulsating DC voltage have an AC
component if the voltage rises from zero to a high positive value and falls

back to zero, but never becomes negative?" You have always thought of

an AC voltage as one which alternates above and below a zero voltage,

first becoming positive, then zero and then negative. K the voltage never

becomes negative, how can there be any AC in it?

Any wave that varies in a regular manner has an AC component. Suppose
you examine an example in which an AC voltage is combined with a DC
voltage and the result is a voltage wave which never becomes negative.

Suppose you have a voltage of +50 volts DC and you combine it with an AC
voltage which varies from +20 volts through zero to -20 volts.

I I I

+50

+20
0 0
-20

DC component AC component

%

AC superimposed
upon DC

When the 420 volt AC peak is added to the +50 volts DC, the result is +70
volts. When the 0 volt point on the AC wave is added to the +50 volts DC,
the result is +50 volts. When the -20 volts AC peak is added to the +50
volts, the result is +30 volts. The total result is a DC voltage which varies
from 450 volts—up to +70 volis and down to +30 volts. The voltage of the
resulting wave never becomes negative and yet it consists of an AC com-
ponent and a DC component.
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FILTER CIRCUITS

AC and DC Components (continued)

You have seen how a DC voltage and an AC voltage can be added together
to give a voltage wave which never becomes negative. Here are a few
more examples:

- -
+40 +40

+40
+20 +20 +20
0 0 0
-20 -20 -20
-40 -40 -40
+100 +100 +100
+64 +64
+36
0 0 0
-64
-100 -100 -100

+100 +100 +100
+68

+32 +32

0 0 0
-32

-100 -100 -100

You can see that as long as a voltage varies in any regular manner, it
can be broken up into a DC component and an AC component. The output

of a rectifier contains both a DC component and an AC component. It is
the job of the filter to remove as much of the AC voltage as is possible

(and economical!) before the resulting high voltage DC is fed to the elec-

tronic circuits which require it.
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FILTER CIRCUITS

The Condenser in the Filter Circuit

If you remove the load resistor from the output of the rectifier and replace
the resistor with a large condenser, pure DC will appear across the con-
denser. When you find out why this takes place, you will see how this ef-
fect can be used in filter circuits.

You know that, when a condenser is placed across a battery, it charges up
to the battery voltage if it is given enough time,

AAAAAAA
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TIME UNITS

The same is true when a condenser is placed across the output of a recti-
fier. The rectifier starts charging up the condenser every time it con-
ducts. If the condenser does not have time to charge up to the peak of the
pulsating DC wave on the first half-cycle, it will do so during the next few
half-cycles. After a few cycles have passed, there will be pure DC across
the condenser. Because current can flow in only one direction through the
rectifier, the condenser will not discharge between the peaks of the pul-
sating DC voltage. What has been the effect of placing the condenser
across the output of the rectifier? By charging up, the condenser has fil-
tered out the ripple in the pulsating DC, leaving pure DC.
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FILTER CIRCUITS

The Condenser in the Filter Circuit (continued)

If a power supply did not have to supply current to other circuits, pure DC
voltage could be obtained simply by connecting a condenser from the rec-
tifler filament to ground. However, the various electronic circuits at-
tached to the power supply B+ voltage do draw a certain amount of current.
The current drawn by these electronic circuits is called the load current,
and the effect of this load current can be duplicated by connecting a load
resistor across the rectifier output and ground.

You know from your study of RC circuits in Basic Electricity that when a
resistor is placed across a charged condenser, the condenser will dis-
charge through the resistor. The speed of the discharge will depend upon
the size of the resistor. The lower the resistance the more current will
be drawn from the condenser, and the faster will be the discharge.

As soon as the resistor is connected acrose the condenser of the rectifier

circuit, that condenser will begin to discharge and the voltage will drop.
The voltage, however, will not drop to zero because a new voltage peak
appears at the rectifier filament 60 times a second for a half-wave recti-

fier and 120 times a second for a full-wave rectifier. This voltage peak

will recharge the condenser, and then the condenser will proceed to dis-
charge through the resistor until the next voltage peak comes along. The

result will be a pulsating DC output. Notice that the pulsations are much
smaller than you would get with no condenser.
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FILTER CIRCUITS

The Condenser in the Filter Circuit (continued)

The result of placing a load on the single filter condenser is that the out-
put of the rectifier is no longer pure DC—it is DC upon which is superim-
posed an AC component. This AC component is called "ripple." It is
because of this AC component or ripple that a condenser, by itself, does
not constitute a satisfactory filter. Additional filtering components have
to be added to remove the ripple and make the final B+ output as close to
pure DC as is possible and economical. Just why ripple in the B+ output
is 80 undesirable is¢something you will learn when you come to the study
of amplifiers.

The amount of ripple resulting from a load placed across a single filter
condenser depends upon the size of the load, the size of the condenser and
the type of rectifier. The larger the condenser the more electrons it can
accumulate on its plates, and it will discharge a smaller amount when a
load is put across it. The larger the load current drawn out of the con-
denser the larger will be the voltage drop, and the larger will be the
ripple. Since half-wave rectifiers will charge the condenser 60 times per
second, there will be more time for the condenser to discharge through
the load than with a full-wave rectifier which charges the condenser 120
times per second. Thus the ripple will be greater for a half-wave recti-
fier than for a full-wave rectifier because the voltage will drop a greater
amount during pulses.

The larger the load the
greater the ripple

Load = 50ma. Load = 100ma.

The smaller the capacity
of the condenser the
greater the ripple

Large filter condenser Small filter condenser
50 ma. load 50 ma. load

Same load, same
filter condenser

Full-wave rectifier

o



FILTER CIRCUITS

Filter Condensers

Filter condensers (capacitors) used in power supplies are of two types:
(1) paper dielectric condensers and (2) electrolytic condensers.

Paper condensers are constructed of alternate layersof metal foil and wax-
ed paper rolled together. The waxed paper is the dielectric with the metal
foil being used as plates. Paper condensers smaller than 1 mfd are used
throughout most electronic equipment and larger values are sometimes
used as filter condensers in power supplies.

Paper condensers are not polarized and when operated within their voltage
rating they last much longer than electrolytic condensers. However, large
sizes of paper condensers are bulky and relatively expensive. They are
normally not made larger than 16 mfd.

High voltage power supplies use paper filter condensers which are oil im-
pregnated and will withstand greater peak voltages than those impregnated
with wax. Condensers are rated according to direct current working volt-
age (DCWYV) and also in peak voltage. The DCWYV is the maximum voltage
the condenser is designed to operate at continuously. The peak voltage is
the voltage above which the condenser dielectric will break down and act

as a conductor.

HIGH VOLTAGE PAPER \ﬁ\
FILTER CAPACITORS ¢
\ /b 29y

2 Mep Sy
300000\/.V'\MV. \/‘
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FILTER CIRCUITS

Filter Condensers (continued)

Electrolytic condensers are usually used as power supply filter condensers
because they can be made in very large sizes at low cost and are much
smaller physically than paper condensers of the same capacity Electro-
lytic condensers are made in larger sizes than paper condensers with the
usual values being between 2 mifd and 1000 mfd.

@times the capacity of

: ELECTROLYTIC CONDENSER PAPER CONDENSER
40 mfd at 400 volts DC 1 mfd at 400 volts DC

Power supplies rated at 600 volts or less usually use electrolytic filter
condensers but when a higher voltage rating is required paper condensers
are used. Electrolytics are polarized and failure to observe the correct
polarity will not only permanently damage the condenser but may also
cause it to break open and damage other parts.

While paper condensers have no leakage current (flow of direct current ac-
cross the condenser dielectric) electrolytic condenser dielectrics are not
perfect insulators and a leakage current flows even during normal opera-
tion. The leakage current is greater in the wet electrolytic than in the dry
types. If the voltage rating of an electrolytic condenser is exceeded the
leakage current increases and may damage the dielectric.

S Black- Red or Blue-
. negative  positive
ELECTROLYTICS ARE only

POLARIZED

Negative

Positive
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FILTER CIRCUITS

Filter Condensers (continued)
Electrolytic condensers are of two types: (1) wet and (2) dry.

A wet electrolytic condenser consists of an aluminum electrode immersed
in a solution called an electrolyte. When the electrode is connected to the
positive terminal of a DC voltage source and the electrolyte container is
connected to the negative terminal, current flows through the electrolyte.
This current flow results in chemical action which causes a film to form

on the electrode surface. This film acts as a dielectric, insulating the
electrode from the electrolyte These two elements then act as plates in

a condenser —the electrode becoming a + terminal, and the electrolyte a

- terminal. The connection to the electrolyte is made through the container.

Reversing the polarity of the voltage applied to the condenser breaks down
the dielectric completely. A momentary overload in the correct polarity
punctures the dielectric but application of the rated voltage reforms the

dielectric so that wet electrolytics are said to be self-healing.

The capacitance of an electrolytic condenser is greater than that of a paper
condenser of equivalent physical size because the dielectric film is very
thin, enabling close spacing between the condenser plates. The positive
plate surface is roughened and the liquid electrolyte negative plate follows
the rough surface of the positive plate resulting in greater plate area in a
given space.

Electrolyte

W

o==1
o= Z Aluminum
g_:. , Electrode
8—;' :: Aluminum
Gas Film o é Container
Electrode o= Z
g Celluloid
2 Shield

A

Electrolyte

Metal Container
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Filter Condensers (continued)

Dry electrolytic condensers use an electrolyte in the form of paste. A
cloth impregnated with the electrolytic paste is rolled between alternate
layers of aluminum foil in the same manner as that used to make paper
condensers. One layer of metal foil is used as a positive plate of the
electrolytic condenser and the other layer of metal foil is used to contact
the negative plate (electrolyte) of the condenser.

A dry electrolytic condenser operates in the same way as a wet electro-
lytic except that it is not self-healing when the dielectric has been punc-
tured. Both types of electrolytic condensers have a relatively short life
due to the drying up of the electrolyte. Of the two, dry electrolytics gen-
erally last longer. Wet electrolytics are not often used since they dry out
rapidly and must be mounted upright to prevent leaking of the liquid elec-
trolyte. Several types of dry electrolytic condensers are illustrated below.

Negative Gauze
Aluminum  saturated
Electrode  with electrolyte

Positive
Aluminum oxide Film
Electrode
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FILTER CIRCUITS

Improving the Operation of the Filter

You saw on a preceding sheet that the larger you make the filter con-
denser, the lower will be the AC component or ripple in the output.
Filter condensers can be made very large in capacity and small in
size, as you will see shortly, but there are size limitations that cannot be
exceeded. A filter condenser of practical size might reduce the AC com-
ponent to about 25 volts AC, but this is not good enough. Many electronic
circuits require a B+ voltage that cannot have more than 3 or 4 volts of
AC present in a DC output of 350 volts—the AC component must be less
than 2 percent or even less than 1 percent of the total output voltage. No
filter condenser of practical size can do this job alone—other filtering
components must be added.

Suppose you set up a circuit con-
sisting of a 500 ohm resistor
connected in series with a 16
mfd condenser as shown in the
illustration. If you connect this
circuit to the rectifier and the
single filter condenser previously
used, you will be putting into this :
new filter circuit 350 volts DC
upon which is superimposed about :
25 volts of AC. To understand
how this circuit removes the AC
ripple voltage you will have to
find out something about volt-
age dividers,

Load
Resistor

You know from your work with DC series circuits in Basic Electricity that
when you place a DC voltage across three equal resistors, one third of the
total voltage appears across each of the resistors. From this it can be
seen that if you have two resistors and one is twice the resistance of the
other, 1/3 of the voltage will appear across the small resistor, and 2/3 of
the voltage will appear across the larger resistor. Similarly if one re-
sistor contains 1/10 of the total resistance and the other resistor contains
9/10 of the total resistance; 1/10 of the total voltage appears across the
small resistor and 9/10 of the total voltage appears across the large re-
sistor. From this you can see that a DC voltage divides itself across two
resistors in direct proportion to the size of the resistors.
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FILTER CIRCUITS

Improving the Operation of the Filter (continued)

When the 25 voits ripple from the input filter condenser appears across
the resistor and output capacitor, as shown below, the resistor presents
500 ohms resistance and the condenser presents only 80 ohms reactance
to 120 cycle AC ripple. This means that the AC ripple voltage is divided
across a total of 580 ohms. About 1/7 of the AC voltage will appear
across the condenser and 6/7 of the AC voltage will appear across the re-
sistor. The AC voltage across the condenser and therefore between B+
and ground will be 1/7 of 25 volts, or about 3.5 volts AC.

21.5 V AC
% A B+
———AWWWW——< =
5000 \ /
[ . 16 mfd oo }3. 5V Load
——— X = 8002 mmmmm Resistor
‘i-r) k
-—n—v -—wv A 4
v v v

You see that the simple addition of a 500 ohm resistor and another filter
condenser has succeeded in reducing the ripple voltage down to 3.5 volts

which is about 1 percent of the total DC output. This amount of filtering
is satisfactory for most applications in electronics.

I

I
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FILTER CIRCUITS

The Faults of RC Filters

The f{filter ecircuit you now have consists of two condensers and one resis-
tor making up an RC filter network. This filter is compact in size,
low in cost and is used in many small commercial radios.

There are two reasons why this RC filter cannot be used in most other power
supplies —it is difficult to get a high B+ voltage when a large load current

is required; and there is a large change in B+ voltage whenever the load
current changes.

Suppose you consider the first fault—the difficulty of getting a high B+ volt-
age when a large load current is required. Many electronic equipments

require that the power supply deliver 100 to 200 milliamps of current at a

B+ voltage of 350 volts. All of this current must flow through the 500 ohm
filter resistor and will, according to Ohm's law, cause a drop in voltage

across that resistor. This means that if 200 milliamps flow through 500

ohms, the voltage drop across the resistor will be —

E = IR = 0.200 amp x 500 ohms = 100 volts

Instead of getting 350 volts out of the filter, you will get only 250 volts
(350 - 100 = 250V). In order to get 350 volts out of the filter, the trans-
former will have to be made so that it will feed a much higher voltage into
the rectifier to make up for the loss of voltage across the resistor. In-
creasing the voltage output of the transformer makes it larger, heavier
and more expensive—three very undesirable qualities.

{_100" u
ba)

5009

A HEAVY
LOAD CAUSES
A VOLTAGE

\
Cuy
| CAN'T DELIVER

350 VOLTS UNDER

A HEAVY LOAD/ IM LARGER

HEAVIER AND
| cOST aLor/




FILTER CIRCUITS

The Faults of RC Filters (continued)

You have seen that one fault of the RC filter is that it causes a large volt-

age drop across the filter resistor which means that the transformer must
put out a higher AC voltage in order to compensate for this loss. The

second fault of RC filters is even more seious—a small change in the load
current causes the B+ output to vary by many volts.

You have read in the introduction to this section that it is important for the
B+ voltage output to remain fairly stable in spite of changes in load current.
Many types of electronic equipment draw varying amounts of load current

from the B+ voltage supply, but the voltage change must remain small in
spite of this.

As an example, suppose that you have a unit of electronic equipment that
draws 50 ma. from the B+ supply under one set of conditions, and then the
conditions change so that 100 ma. are drawn from the B+ supply. First
you have 50 ma. flowing through the 500 ohm filter resistor and then you
have 100 ma. flowing through that same resistor. Suppose that the voltage
coming out of the filter is 350 volts and 50 ma. are being drawn by the load.
The voltage drop across the 500 ohms resistor willbe E = IR = . 050 x 500
= 25V. Suddenly an additional 50 ma. are drawn through the 500 ohm load

resistor (making a total of 100 ma.). The result is an increased voltage
drop across the 500 ohm resistor.

E=IR= 0,100 x 500 = 50V

Since the voltage drop has increased 25V, the output voltage must decrease
by the same amount.

The output voltage will decrease from 350V to 325V when the load current
increases from 50 to 100 ma.

Electron

Electron
— Current =

Current

To
Rectifier

I I 5ﬁ;1a. l I 1%; ma,

Similarly a change of 100 ma. in the load current will cause the B+ voltage
to drop 50 volts. Such a rise and fall in output voltage is very undesirable
in electronic equipment. Voltage regulator circuits might be added to
compensate for this voltage change due to the filter resistor, but it would

require a large and expensive circuit to compensate for changes such as
are indicated here. 1
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FILTER CIRCUITS

Using a Choke Instead of a Resistor

A resistor can do a fairly good
job of filtering because its re-
sistance to AC is higher than the ¥
reactance of a filter condenser to Z
AC. When the ripple voltage is ¢
placed across this circuit, the AC 3
voltage divides so that only a
small part of this ripple voltage
appears across the filter conden-
ser and at B+. The DC voltage
divides across this circuit so tha
most of the DC voltage appears
across the filter condenser and
at B+.

What the filter circuit requires is that the resistor have a high resistance
for AC and a low resistance to DC. A resistor presents exactly the same
resistance to both AC and DC and cannot meet this requirement. When a
filter resistor is used, its size must be a compromise between these two

opposing requirements.

There is, however, a certain type of component that will meet this require-
ment—the filter choke. From your study of AC circuits in Basic Electri-
city you know that a choke opposes any change of current flowing through it.
In other words the inductance of a choke presents a high reactance to AC.
Because a choke is made up of many turns of copper wire wound around

a core, it also presents a low resistance to DC. A choke has the very
qualities that are required to replace the resistor in a filter circuit.

Inductors or chokes, as used in electronic power supplies, are called "fil-
ter chokes'" because they are used to ""choke' out the AC. A 10-henry
choke is fairly small in size and will present a reactance of about 7500
ohms to 120 cycle ripple and will have a DC resistance of about 200 ohms.
Such a choke has 15 times more reactance to AC than a 500 ohm resistor,
and also has less than half its DC resistance. Because of these excellent
qualities you will find that chokes are used in the filter circuits of most
electronic power supplies. Before you learn about the various combina-
tions of chokes and condensers that are used in filter circuits, suppose
you find out about the construction of these components.

£ IS 15 TIMES BETTER THAN
A 10-henry FILTER CHOK- A 500-ohm RESISTOR
li] AND HAS LESS THAN HALF %

N THE DC RESISTANCE

= 200 ohms 500 ohms
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FILTER CIRCUITS

Filter Chokes

The purpose of a filter choke is to furnish a high impedance to AC ripple
voltage and a low resistance to DC current. A choke consists of many
turns of copper wire wound around a laminated iron core. The total im-
pedance of the choke depends upon the number of turns of wire and the size,
shape and material of the core. The DC resistance of the choke depends
upon the total length of wire used and the diameter of the wire.

By increasing the number of turns of wire and by increasing the size of the
core, you can raise the impedance; but this also increases the size and the
weight of the choke. In addition, the increased length of wire through
which the current must flow causes the DC resistance to increase. The
only way to decrease DC resistance is either to decrease the number of
turns (which lowers the impedance) or to increase the diameter of the wire
(which increases the weight).

Every type of choke manufactured is a compromise of size, weight, AC
impedance and DC resistance requirements. Because requirements differ
according to the equipment, many different sizes of chokes are made.
Chokes are rated by the amount of inductance, the DC resistance and the
maximum amount of current flow.

et

ILTER CHOKES

(BT For amplifiers 75 ohms

IR Tl 2and small 500 ma.
150 ma. transmitters 24 1bs.

high voltage
2 1bs. high load
power supplies

7 henries
550 ohms
50 ma.
1/2 1b. For small radio receivers
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FILTER CIRCUITS

The Single-Section Choke and Condenser Input Filters

The single-section choke input filter consists of a filter choke in series
with the power supply load and a filter condenser across the load. The DC
component of the rectifier output appears across the load. Most of the AC
component appears across the high inductive reactance of the choke. Only
a small amount of AC appears across the output filter condenser because
of its low reactance. Since the load is in parallel with the output filter
condenser, very little ripple appears across the load.

High reactance -

/ Large AC voltage drop
B+

DC
I Input / I Resmtor 0 Output

O
L%

Low reactance -
Small AC voltage drop

SINGLE SECTION CHOKE INPUT

FILTER CIRCUITS

A single-section condenser input filter consists of a filter condenser con-
nected across the input terminals of a single-section choke input filter.
Because of the shape of the circuit diagram, filter circuits of this type are
sometimes called 7 type filters.

Large values of inductance and capacitance are used in condenser input
filters so that they are often called "brute-force" filters. Inductance val-
ues of from 10 to 30 henries and capacitance values of from 2 to 16 micro-~
farads are commonly used.

10 to 30 henries

SINGLE-SECTION

CONDENSER
INPUT | |
Input Output

Fitter..... Y o
e . s F2-16 mde I 2.16 m_f(L
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FILTER CIRCUITS

The Single-Section Choke Input Filter

You will see that the single-section choke input filter does just a little
better job of filtering than the condenser alone. The voltage output of the
choke input filter is lower than the voltage output of the condenser alone.
This is because the choke builds up a back emf which cancels a part of
the voltage coming out of the rectifier. An important feature of the choke
input filter is that it limits the peak current flowing through the rectifier
tube and, as a result, there is less strain on the tube, The choke input fil-
ter also has the characteristic of holding the output voltage quite constant
despite load variations. Because of these last two characteristics, choke
input filters are used most commonly in power supplies which are sub-
jected to heavy or varying loads. The results of using this type of filter

for such loads are a more stable output voltage from the power supply and
longer life of the rectifier tube,

STEADIER
OUTPUT

VOLTAGE
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FILTER CIRCUITS

The Condenser Input Filter

By comparing these wave forms and voltages with those of the preceding
filter circuits, you can see that the condenser input filter does a better job
of filtering than any of the others. The voltage output of this filter is larg-
er than it was for the choke input filter because of the charging and dis-
charging action of the input condenser.

However, unlike the choke input filter, this circuit draws large peaks of
current from the rectifier tube. The voltage regulation is not as good as it
is for a choke input filter. The condenser input filter, very often called a
"brute-force" filter, is the most widely used filter circuit for applications
where the required amount of DC power is small.

HIGHER
OUTPUT
VOLTAGE

LIGHT

HIGHER
= PEAK
e CURRENT
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FILTER CIRCUITS

The Two-Section Filter

A two-section choke input filter circuit consists of two single-section
choke input filters connected in series. Adding another condenser across
the filter input terminals changes the choke input circuit into a two-section
condenser input filter. Both types of two-section filters reduce the output
voltage ripple to a negligible value,

TWO-SECTION FILTER CIRCUITS

Condenser Input
Choke Input Two-Section Filter Two-Section Filter

Input I I Qutput Input I I I
| | I TOutput
o o)

Resonant filter circuits may be used in power supplies although they are
usually used in other types of electronic circuits. A series-resonant fil-
ter consists of a choke and condenser connected in series across the out-
put terminals of the rectifier circuit. You learned in Basic Electricity
(series-resonant circuits) that when a choke and condenser in series are
resonant, their inductive and capacitive reactance cancel each other and
their total impedance is zero. Therefore, if the components used are res-
onant at the ripple frequency of the power supply, they will act as a short
circuit across the load for that particular frequency.

A parallel-resonant combination of L and C can be used in gseries with one
output terminal of the power supply to provide additional filtering at the
ripple frequency. The parallel-resonant circuit offers high impedance to
the ripple frequency.

RESONANT FILTER CIRCUITS

Series-Resonant Filter Parallel-Resonant Filter

” 1 ° ”":’:"II °
Ou

Input II Output Input tput

o]

O 4
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FILTER CIRCUITS

Filter Condenser Considerations

When a condenser input filter is used the instantaneous peak current of the
rectifier may be much higher than the maximum current delivered to the
load. The input condenser across the load circuit acts like a short circuit
when a voltage is first applied to it. The initial charging current may ex-
ceed the rectifier rating. Series resistors are sometimes used with se-
lenium rectifiers in order to limit the initial charging current of the input
filter condenser.
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Because of the time lapse between pulses of direct current, the output of

a half-wave rectifier requires more filtering than that of a full-wave rec-
tifier and the filtered output voltage will be lower. Filter condensers used
in half-wave power supplies are usually from 2 to 4 times as large as those
used in full-wave power supplies. Increasing the size of the filter conden-
sers provides additional filtering.
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The higher the frequency of the AC input voltage to a power supply the
lower the value of the filter condensers required. The time between
pulses is shorter at higher frequencies and the inductive action of the choke
is greater at higher frequencies.
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FILTER CIRCUITS

Bleeder Resistors

If the load is entirely removed from a power supply the voltage rises to a
value much higher than normal. With no load current there is no DC volt-
age drop in the circuit and no discharge path for the filter condensers, re-
sulting in a build-up in voltage across the filter condensers to a value ap-
proximately equal to the peak AC voltage applied to the rectifier tube.

To prevent soaring of the voltage at no load, resistors are often connected
across the output terminals of power supplies. These resistors called
"bleeder resistors' provide a discharge path for the filter condensers and
also serve as a fixed load to bleed off a constant value of current. The
bleeder resistor usually draws about 10 percent of the total rated current
output of the power supply.

Since a bleeder resistor prevents sharp increases in voltage output under
light or no load conditions it improves the power supply voltage regulation
and tends to maintain the output voltage at a constant value regardless of
load. This method of voltage regulation is sufficient for most power sup-
ply applications but in many cases better voltage regulation is required.

Bleeder resistors dissipate a relatively large amount of power as heat and
should be mounted in a well-ventilated position. The resistance value and
power rating of the bleeder resistor depend on the maximum voltage and
current ratings of the power supply. For example, if a power supply is
rated at 300 volts and can supply 100 milliamperes the bleeder current
should be about 10 milliamperes and the voltage across the bleeder 300
volts. The bleeder resistance (30,000 ohms) is found by dividing the volt-
age (300 volts) by the bleeder current (.010 ampere). The power dissi-
pated is equal to the voltage multiplied by the bleeder current. (300 x .01 =
3 watts). The wattage rating of a resistor should be higher than the power
dissipated so that a 30K, 10-watt resistor is used as a bleeder.

B L E E DER R E S IS TORS 1mprove voltage Regulation
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Bleeder resistors provide a continous load

for the power supply.
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FILTER CIRCUITS

Bleeder Resistors (continued)

Bleeder resistors are sometimes tapped to provide one or more voltages
lower than the maximum voltage of the power supply. The bleeder may
consist of several resistors connected in series across a source of voltage
with various voltages available at the resistor junctions.

When a bleeder is connected directly across the power supply output, the
voltage at various points along the bleeder is exactly proportional to the
resistance at that point, provided no current is drawn from any of the taps.
For example, if a 30,000-ohm resistor tapped at 7,500-ohms, 15,000
ohms and 22, 500 ohms is connected across the output of a 300 volt power
supply the voltage divides proportionately. At the 15,000-ohm tap the
voltage is one half of the total or 150 volts, at the 7, 500-ohm tap it is one
fourth of the total or 75 volts and at the 22, 500-ohm tap it is three fourths
of the total or 225 volts. The bleeder current through the resistor is
10 milliamperes.
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The voltages available at the voltage divider taps depend on the current
drawn from each tap and are affected by changes in current supplied by any
of the voltage taps. When a load is connected to any of the taps its re-
sistance is in parallel with a portion of the voltage divider. This forms a
series-parallel circuit and reduces the total resistance across the circuit
resulting in an increase in current drawn from the power supply. The
voltage drop in the series part of the voltage divider circuit increases due
to the increased current, and the voitage drop and bleeder current for the
parallel part of the voltage divider are decreased.

TAPPED BLEEDER RESISTOR WITH A LOAD CONNECTED

+ +300V
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FILTER CIRCUITS

Bleeder Resistors (continued)

A typical voltage divider for a 300 volt, 100 milliampere power supply

might provide for a bleeder current of 10 milliamperes, a tap at 200 volts

to supply 40 milliamperes and a tap at 150 volts to supply 50 milliamperes.
To find the resistance values for each part of such a voltage divider circuit
the voltage drop and current through each resistor must be found. In the

illustration, points A, B, C and D provide the desired voltage taps and the

resistance values of Rj, Rg, and R3 are found as follows:

Rj The voltage drop across Ry (between points C and D) is 150 volts. The
current flow through R; is only the bleeder current or 10 ma. then

Ry = 13‘1’ 15, 000 ohms.

Rg The voltage drop across Ry (between points B and C) is 50 volts (150V
to 200V). The current ﬂow through Ry is bleeder current, 10 ma.

plus the load current, 50 ma., or 60 ma. then Ry = —5-36 = 833 ohms.

R3 The voltage drop across R3 (between points A and B) is 100 volts (200V
to 300V). The current flow through R3 is the sum of the bleeder cur-
rent and the current through each load--10 + 50 + 40 = 100 ma. then
R3 = 191_0. = 1000 ohms.

The wattage dissipation of each resistor is found by multiplying the current
through the resistor by the voltage drop across it:

150 x .01 = 1.5 watts for Ry
50 x .06 = 3 watts for Ry
100 x .1 = 10 watts for R3

+ A
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B 200V {uamm
40 ma.
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FILTER CIRCUITS

Review of Filter Circuits

FILTER CAPACITORS — Capacitors
used in power supplies to change the
pulsating DC output of rectifiers into
DC having a relatively slight variation
in value. The condenser charges
through the rectifier circuit and dis-
charges through the load circuit to
help maintain voltage applied to the
load at a steady value.

PAPER FILTER CAPACITORS —
Paper Ilter condensers are bulky and
their value is usually limited to less
than 10 mfd. They are not polarized
and can be made to withstand very high
voltages. There is no appreciable
leakage across a paper filter conden-
ser. Oil-impregnated paper conden-
sers are used in high voltage fil-
ter circuits.

ELECTROLYTIC FILTER CAPACI-
TORS — Electrolytics have a high
value of capacitance as compared to a
paper condenser of the same physical
size. They are polarized and are
normally constructed to operate at
less than 600 volts. There is appre-
ciable leakage across an electrolytic
condenser but this effect is usually
offset by their large values of capaci-
tance. Electrolytics range in value
from 1 to 1000 mfd.

WET ELECTROLYTIC CAPACITOR —

A condenser consisting of a metal elec-

trode immersed in an electrolytic solu-

tion, The electrode and solution are

the two condenser plates while an Gas Film
oxide film formed on the electrode is Electrode
the dielectric. The dielectric film is

formed by current flow from the elec-

trolyte to the electrode.
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FILTER CIRCUITS

Review of Filter Circuits (continued)

DRY ELECTROLYTIC CONDENSE RS
—In a dry electrolytic condenser the xffgtii::m S;':;zte 4
electrolyte is a paste. Cloth which is

impregnated with the paste is rolled Electrode  with electrolyte
between layers of metal foil which act
as the condenser terminals. One met-
al foil is the positive plate and a film
formed on its surface is the dielectric,
The electrolyte paste is the negative

- Positive Aluminum-
condenser plate and its terminal con- Aluminum oxide Film
nection is made through a layer of Electrode

metal {foil.

FILTER CHOKE — An iron-core in-
ductance placed in series with the rec-
tifier output. It opposes any change in
current flow and reduces the amount
of change in the pulsating DC output of
the rectifier circuit.

CHOKE LESS POWER SUPPLY FILTER
— A low current power supply filter | |
circuit in which resistors are used in

place of filter chokes. Resistors are I |
used to save weight, space and cost. o
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FILTER CIRCUITS

Review of Filter Circuits (continued)

SINGLE -SECTION CHOKE INPUT

FILTER — A Iilter circull consisting

of a Iilter choke connected in series I
with the rectifier output and a filter °—"°'°"”‘1_—°
condenser connected across the output

terminals. The output voltage ripple T Output

is between 3 and 10 percent of the DC o —°
output voltage.

SINGLE-SECTION CONDENSER INPUT

FILTER — A filter circuit consisting

of a filter choke connected in series

with the rectifier output and two filter =

condensers, one connected across the | I
filter input and the other across the Input Output
filter output terminals. The output l I
voltage ripple is less than that of a

single-section choke input filter and

the voltage output is higher than that of
a choke input filter.

TWO-SECTION CHOKE INPUT FILTER

— A Iilter circull consisting of two IO —— TV~
single-section choke input filters con- I l
nected in series. The output ripple is Input I Output

a negligible value for most power sup- °
ply applications.

TWO-SECTION CONDENSER INPUT

FILTER — A two-section choke Input

filter with an additional filter conden-

ser connected across the filter input Input

terminals. The voltage output is in- 'I' I To""’“‘
o +—o

creased as compared to a choke input
filter and the ripple is reduced.
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VOLTAGE REGULATOR CIRCUITS

Voltage Regulation

By this time you understand the theory of operation of rectifier circuits
and filter circuits. You appreciate the importance of maintaining the pow-
er supply in good working order so that the complete electronic equipment

may be able to do its job.

Now you are going to study voltage regulated power supply circuits which
are required to do specialized jobs that the ordinary general purpose pow-
er supply cannot do. Like other circuits you will use, voltage regulator
circuits range from very simple circuits using only one or two parts to
very complex circuits requiring many components. However, all of these
circuits operate in the same way as the basic regulator circuits.

arying AC
ine Voltage

VOLTAGE
REGULATED
POWER
SUPPLY
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VOLTAGE REGULATOR CIRCUITS

Voltage Regulation (continued)

You already know the two most important factors which affect the B+ volt-
age output in a conventional power supply. When the AC line voltage goes
up, the B+ output voltage goes up; and, when the AC line voltage goes down,
the B+ output voltage goesdown. Also,when there is a small current drain
out of the B+ terminal, the B+ voltage is higher than when there is a large
current drain. What you want to know now is how the voltage regulator
circuit overcomes both these problems.

If you connect a potentiometer across B+ and ground in any conventional
power supply, you have a perfect hand-operated voltage regulator.

Assume that you have a 1000-ohm potentiometer and a power supply with a
B+ of 100 volts. Also assume that you want a steady output voltage of 50
volts. You first adjust your potentiometer so that the center tap is right at
the middle of the potentiometer resistance. If the B+ voltage rises momen-
tarily due to an increase in AC line voltage or a decrease in B+ current
drain, all you do is move the tap closer to ground (decrease the resistance
between tap and ground) until you get 50 voits again. If the B+ voltage falls
due to a decrease in the AC line voltage or an increase in B+ currentdrain,
all you do is move the tap away from ground (increase the resistance be-
tween tap and ground) until you get 50 volts again.

B + =100V B+ =120V B+=80V
Decrease
Resistance
o0 ; —— 0¥
ot ———
Increase
esistance
-w -w -
v v v

You can see that the hand-operated voltage regulator works very well.
You increase or decrease the resistance between ground and the output
voltage tap to increase or decrease the output voltage back to the desired
value whenever the B+ supply voltage falls or rises for any reason.

The main fault with this method is that it is too slow. First, the output
voltage must change. Then you must notice that it has changed, and then
you must increase or decrease the resistance between the voltage tap and
ground to get back the desired voltage output. When you consider that
there are many electronic circuits in a radar system which must have a
steady voltage, you can see that many men would be needed to keep them
all regulated.

The voltage regulator circuit solves all your problems! The voltage reg-
ulator tube automatically increases or decreases its internal resistance
as the B+ supply voltage falls and rises, so as to maintain a constant volt-
age across itself.
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VOLTAGE REGULATOR CIRCUITS

The Voltage Regulator Tube

The voltage regulator tube consists of a plate and a cathode placed in an en-
velope containing a gas at low pressure. There is no filament and, there-
fore, the tube is known as a cold cathode type tube. The radio symbol for
the tube is as illustrated. The dot inside the envelope indicates the pre-
sence of a gas.

DOT INDICATES COLD

(e

When a large enough potential is applied between the cathode and the plate,
the gas in the tube conducts and electrons flow from cathode to plate. Con-
duction is characterized by a bluish glow inside the tube—the heavier the
conduction the brighter the glow.

The numbering system used for voltage regulator tubes has been changed
in recent years. The VR-150/30, the VR-90/30 and the VR-75/30 are old
numbers no longer used. The term "VR" meant voltage regulator; the
first number, 150" etc., stood for the operating voltage of the tube—the
voltage at which it regulated. The last number represented the maximum
rated current that could pass through the tube without damaging it. In all
regulator tubes there is also a minimum operating current of about 5 ma.
The tube will stop conducting if the current through it drops below this
value. A wide range of regulated voltages can be had by using any of the
voltage regulator tubes singly or in series combinations.
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VOLTAGE REGULATOR CIRCUITS

The Voltage Regulator Tube (continued)

The new numbering system for VR tubes is as follows:

DC Operating
Tube Type Voltage Current Range Ma.
OA2 151 5 to 30
OA3 % 5 to 40
OB2 108 5 to 30
oC3 108 5 to 40
OoD3 153 5 to 40
874 90 10 to 50
991 59 0.4 to 2.0

Under this new system there are available a larger variety of DC oper-
ating voltages and current ranges.

The VR tube is a diode which consists of a thin vertical rod held in posi-
tion inside of a thin metal cylinder. The air is removed from the tube
envelope and is replaced by a small quantity of neon or helium gas mixed
with a small quantity of argon gas. As long as the current flow through
the tube is kept within the listed limits the plate voltage of the tube will
change very little.

I operating voltages higher than those listed above are required, two or
more VR tubes may be connected in series. In this case the operating
voltage will become the sum of all the operating voltages of the tubes
connected in series. Parallel operation is used when a larger current
is required.
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VOLTAGE REGULATOR CIRCUITS

A Simple VR Tube Circuit

Here is an example of how a VR tube is used in a typical circuit. Suppose
that you have a power supply with an output voltage of 340 volts DC. You
need to supply voltage to a special circuit that needs 150 volts DC with a
current variation of from 10 to 30 milliamps. This circuit requires that
the 150 volts DC be kept constant in spite of the current change.

Since you want a constant voltage of 150 volts DC with a maximum current
drain of 30 milliamps, an OD3 (VR-150) will meet your requirements.
Here are the operating characteristics of the OD3 (VR-150) as listed by
the manufacturer - note that they meet your requirements:

DC power supply voltage . . . . .185 volts min.
DC startingvoltage . . . . . . .160 volis
DC operating voltage . . . . . .153 volts
DC operating current . . . . . .5 to40 ma.
For a current variation of from 5 to 30 ma. the voltage will change
2 volts,
For a current variation of from 5 to 40 ma. the voltage will change
4 volts.
Power
Supply

0 D 3 (VR-150)

Notice that there is a "jumper connection" between pins 3 and 7 inside the
tube. If pins 3 and 7 are wired in series with the circuit, this jumper will
act as a switch. When the VR tube is pulled out, the circuit requiring the
150 volts will be disconnected from the power supply. If this jumper were
not connected as a switch and the VR tube were pulled out, the 150 volt
circuit would receive more than 150 volts—resulting in damage to its
components or in improper operation.
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VOLTAGE REGULATOR CIRCUITS

A Simple VR Tube Circuit (continued)

In order to illustrate the circuit described on the previous sheet, the VR
tube is connected to the power supply like this:

7

+ 340 volts

POWER 3 @ <-— Jumper
SUPPLY 7

Dropping
= Resistor

+ 150V

. 4

R SN

Note that the 150 volt point is disconnected from the power supply if the
VR tube is pulled out.

In order to determine the size of the dropping resistor, you must beginwith
a condition when no load is connected to the 150 volt output terminal. You
must then adjust the size of the dropping resistor so that the maximum

current (40 ma.) will flow through the VR tube. You already know thal the
output of the power supply is 340 volts, so the voltage across the resistor

will have to be 340 - 150 or 190 volts. For these current and voltage con-

ditions the size of the resistor is calculated from Ohm's law:

r-E =3-f’&‘£ = 4750 ohms

The wattage of the resistor is found from the power formula
W =EI = 190V x 0.04A = 7.6 watts.

The resistance you want according to the above results is a resistor of
4750 ohms rated at 7.6 watts. Such a resistor is not available except on
specialorder. The nearest standard value of wire wound resistance avail-
able is 5000 ohms. This resistor would allow 38 ma. to flow through the
tube, which is suitable for your purposes. A 10 watt resistor could be
used but a 25 watt resistor would probably be best since the size and cost
are not much more and the danger of burnouts would be reduced.
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VOLTAGE REGULATOR CIRCUITS

Voltage Regulation When Load Current Varies

Now that you have the details of a VR tube circuit worked out, suppose you
find out how it operates to keep the output voltage stable at 150 volts in
spite of a change in output current. In order to do this, the VR tube in-
creases and decreases its resistance to adjust to changes in load and sup-
ply voltage.

When no load is attached to the 150 volt output, 38 ma. will flow through the
tube. Since the current flowing through the tube is within the rated value,
the VR tube adjusts its internal resistance so that the voltage at the plate

150 volt

+ 340 volts

POWER
SUPPLY

T 38 ma.

19£)V 5000

+150V

A SIMPLE VR TUBE T 38 ma.
CIRCUIT WITH NO LOAD

Suppose you attach an 8 ma. load to the 150 volt terminal. Of the 38 ma.
flowing through the dropping resistor, 8 ma. flows through the load and
30 ma. flows through the VR tube. Since the VR tube current is yet within
the rated range of 5 to 40 ma., the VR tube adjusts its internal resistance
so that the plate voltage remains at 150 volts.

+ 340 volis

POWER
SUPPLY

8 ma. LOAD
VOLTAGE OUTPUT
REMAINS THE SAME
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VOLTAGE REGULATOR CIRCUITS

Voltage Regulation When Load Current Varies (continued)

If you now increase the load on + 340V
the 150 volt terminal to 18 ma., POWER 34 t 38 ma
20 ma. will flow through the VR SUPPLY | _ 74 :
tube, and the output voltage will I Z 50009
remain at 150 volts. As long as - 199"; 18 ma.
the current flowing through the -

VR tube is within the range of
to 40 ma., the tube is able to ad-
just its internal resistance so as
to keep the plate voltage essen-~
tially at 150 volts.

ey

+150

You may increase the load on the 150 volt output terminal until the current
through the load reaches 33 ma. At this load, only 5 ma. will flow through
the VR tube—this is the minimum current that may flow through the VR
tube and still keep the output terminal at 150 volts. Any further increase
in load current will cause less than 5 ma. to flow through the tube and it
will "go out" or cease glowing. From this point on the VR tube will have
no effect on the output voltage, and the output voltage will be determined
only by Ohm'’s Law.

For a load of 38 ma. on the output terminal the voltage drop across the
dropping resistor will be:

E = IR = .038 x 5000 = 190 volts

Subtracting the voltage drop across the resistor from the voltage of the
power supply gives you the following voltage at the plate of the tube:

340 - 190 volts = 150 volts

For a load of 40 ma. on the output terminal the voltage drop across the
dropping resistor will be:

E =IR = .040 x 5000 = 200 volts
And the voltage at the plate of the tube will be:
340 volts - 200 volts = 140

Similarly the following loads on the output terminal will result in the fol-
lowing voltages at the output terminal.

Load Current 42 ma. 44 ma. 46 ma. 48 ma.
Output Voltage 130V. 120vV. 110V. 100V.

You see, therefore, that as long as the voltage regulator tube conducts its
rated current the voltage remains constant. The voltage remains essen-
tially at 150V in spite of a change in load of from 0 to 33 ma. Once the
current through the VR tube becomes less than the minimum required, the
tube goes out of action and Ohm's law determines the output voltage. Once
Ohm's law determines the output voitage, a change in load of only 2 ma.
will cause a voltage change of 10V at the output terminal.
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VOLTAGE REGULATOR CIRCUITS
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There is another aspect of voltage regulator circuits that has not been
considered so far—how the voltage regulator circuit maintains a constant

voltage output when the power supply voltage changes. The power supply
B+ voltage will rise when the line voltage rises, and it will fall when the
line voltage falls. In addition there usually are other circuits connected
to the power supply B+ output voltage, in addition to the voltage regulation
circuit, When these other circuits draw more current from B+, the voltage
drops; and when these other circuits draw less current from B+, the volt-
age rises. The voltage regulator circuit must put out a constant voltage
output at the plate of the VR tube in spite of these changes in B+ voltage

+ 340V
_ -3,‘, 1 38 ma,
5000 Q=
b3 18 ma.
+150
- t 20 1 18
2 ma. ma.

<
-

Under the operating conditions shown, 38 ma. flow through the dropping
resistor, 20 ma. flow through the VR tube,and 18 ma. flow through the load.
I the B+ voltage were to rise to +360 volts, the VR tube would have to ad-
]ust its internal resistance so that its plate voltage remained at 150 volts.
Let's see if the VR tube is able to make this adjustment.

Under these conditions the top of the dropping resistor would be at +360
volts and the bottom would be at +150 volts. This means that there will be
210 volts across the resistor and the current flow through that resistor
will be determined by Ohm's law as follows

E 5‘%!0% = .042 amps = 42 ma.

I =
Since the load draws 18 ma. at 150 volts, the remainder of the current
(42 ma. - 18 ma. = 24 ma.) must flow through the VR tube. The VR tube is
designed to do its job of regulating if the current flow through it remains
between 5 and 40 ma. The VR tube can adjust for this B+ voltage change
and still maintain the voltage at its plate at 150 volts.

In order for the circuit to fail in its job,the B+ voltage would have to go up
to over 440 volts. At this point there would be 290 volts across the drop-
ping resistor and 58 ma. total current through this resistor. The load
current would be 18 ma. and the VR tube current would be 40 ma. Any
further increase in B+ voltage would cause over 40 ma. to flow through the
VR tube and it would be damaged by the excessive current.
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VOLTAGE REGULATOR CIRCUITS
Voltage Regulation When Power Supply Voltage Varies (continued)

Now that you have examined what happens when there is a rise in the B+
voltage supplied to the voltage regulator circuit, suppose you find out what
happens when this B+ voltage falls.

SUPPLY

‘l””“lllllun...,

If the B+ voltage were to fall to 300 volts, the VR tube would have to adjust
its internal resistance so that the plate voltage remains at 150V. Let's
see if the tube can make this adjustment. The voltage across the dropping
resistor is 300 volts ~ 150 volts = 150 volts. The current through the
dropping resistor is:

E_1
1 =-ﬁ=%%%= .030 amps = 30 ma.

The load draws 18 ma. and the remainder of the current (30 ma. - 18 ma. =
12 ma.) flows through the VR tube. The VR tube will do its job as long as
the current flow through it remains between 5 and 40 ma. The VR tube can
adjust for the drop in B+ voltage and still maintain 150 volts at its plate.

In order for the circuit to fail in its job the B+ voltage would have to drop
below 265. At this point there will be 115 volts across the dropping re-
sistor and 23 ma. total current through this resistor. The load current
would be 18 ma. and the VR tube current would be 5 ma. Any further drop
in B+ voltage will cause less than 5 ma. to flow through the VR tube,and it
will stop functioning. The voltage at the plate will then be determined only
by Ohm's law as applied to the B+ voltage and the resistance of the drop-
ping resistor.

You have examined the principles behind the operation of the voltage regu-
lator circuit. You have seen that the voltage on the VR tube plate will re-
main essentially constant as long as the current limitations of this tube are
not exceeded. By using a voltage regulator circuit of this type you can get
a constant voltage output in spite of fairly large changes in power supply
voltage and in spite of sizeable changes in current drain from the regu-
lated source.
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VOLTAGE REGULATOR CIRCUITS

Review

VOLTAGE REGULATION — Voltage
regulation is a term used to express
how well a power supply maintains a
constant voltage output in spite of
changes in line voltage and load cur-
rent. There are certain types of
electronic circuits that will not op-
erate properly if the supplied voltage
varies more than a few volts. The
voltage supply to these circuits re-
quires the addition of a voltage reg-
ulator circuit which will maintain an
essentially constant voltage regard-
less of line voltage and load current
changes.

VOLTAGE REGULATOR TUBE —
The voltage regulator (VR) tube con-
tains a plate and a cathode with no
filament—both enclosed in a glass
envelope containing a gas at low
pressure. When a large enough volt-
age is applied across the tube, a cur-
rent is conducted through the tube.

As long as the current flowing through
the tube remains within the limits
listed by the manufacturer, the voltage
at the plate will remain essentially
constant.

VYR TUBE CIRCUIT -- The simplest

(and very widely used) voltage regulator

circuit consists of a voltage dropping
resistor and a VR tube placed in series
across the power supply output and
ground. The regulated voltage is taken
from the plate of the VR tube. The
load current and the VR tube current

both flow through the dropping resistor,

and the VR tube current changes along
with the load current so as to keep the
dropping resistor current constant.

YR TUBE JUMPER — The purpose of
the jumper in a VR tube is to prevent
unregulated voltage from reaching a
special electronic circuit if the VR
tube is pulled out. Without the jumper,
unregulated voltage would reach the
circuit, causing improper operation
and possible damage. Pulling out the
VR tube removes the jumper and dis-
connects the voltage from the special
circuit.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Why the Need for Other Types of Power Supplies

Nearly every power supply you will find in electronic equipment will consist
of a half- or full-wave rectifier with a choke or a condenser input filter.

PRI T

FULL—-WAVE (11N 7\ 3 CHOKE INPUT CONDENSER
RECTIFIER RECTIFIER FILTER INPUT FILTER

However, there are certain other types of power supplies that will occa-
sionally be found in special types of electronic equipment. These special
types of power supplies will be found in equipment upon which are placed
size or weight limitations, or limitations as to the type of voltage avail-
able from the power line—if a power line is available at all.

Size or weight limitations may require that no transformers or chokes be

used in the power supply. In certain cases it may be necessary to elimi-

nate the bulky rectifier tube. There will be cases where AC voltage is not
available—requiring the use of a 110 DC line. At some time or another

you may even find that 110 DC voltage is not available and only a low volt-
age DC line or low voltage batteries are available.

The purpose of this portion of the Power Supply Section is to show you how
high voltage DC may be supplied to vacuum tubes under these various re-
strictions. Even though these power supplies are not common, you should
know how they work because you are sure to come across at least several
of them in the near future, Learn them now and save yourself future
headaches.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

General Types

The special types of power supplies you will learn about in the remainder
of this topic are divided into two main groups:

1. Power supplies which are included in equipment upon which there are
size and weight limitations.

In this group are included:
a. Transformerless power supplies

b. Transformerless and chokeless power supplies

....SIZE AND WEIGHT

LIMITATIONS

TRANSFORMERLESS AND
CHOKELESS POWER SUPPLIES

2. Power supplies which are designed for equipment which will have only
DC voltage available either from a DC line or from battery sources.

a, Vibrator power supplies

b. Motor generators, dynamotors and rotary converters

....ONLY [D)C VOLTAGE
AVAILABLE

MOTOR — GENERATORS,
DYNAMOTORS, AND

ROTARY CONVERTERS



OTHER TYPES OF POWER SUPPLY CIRCUITS

Transformerless Power Supplies

Transformerless power supplies are sometimes used in some electronic
equipment to save the weight and space of the power transformer. In
commercial radios, transformerless power supplies are very often used
to save the cost of the transformer as well as to save the space and
weight, Nearly any portable radio that you may look into will have a
transformerless power supply, and many "console' model radios are
made that way too. There are three types of transformerless power sup-
plies in general use—the AC-DC half-wave rectifier, the voltage doubler
and the dry metal rectifier power supplies,

The AC-DC Half-Wave Rectifier Power Supply

The AC-DC hali-wave rectifier power supply is useful only in circuits
where the tubes will operate at about 100 volts B+ and with tubes that have
high voltage filaments. This circuit will supply about 100 volts B+ and
will operate either on AC or DC. The circuit itself is a simple half-wave
rectifier circuit usually followed by a condenser input filter —you are ac-
quainted with the operation of both these circuits.

7///
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Notice that the filaments of the rectifier tube and the other tubes in the
circuit are all connected in series across the power line. As long as all
the tubes have the same filament current requirement and as long as the
filament voltages add up to approximately the line voltage, the circuit will
operate properly. A typical 5-tube portable radio would use a 3525 recti-
fier tube; a 12SA7 first detector, a 12SK7 IF amplifier, a 128Q7 second
detector and a 50L6 audio amplifier. The filament voltages required by
these tubes add up to 121 volts (35 + 12+ 12+ 12 + 50 = 121) which is
close enough to the line voltage.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Transformerless Power Supplies (continued)

The AC-DC Half-Wave Rectifier Power Supply (continued)

One special thing about this power supply is that it will operate on either

AC or DC. If a transformer were included in the circuit, the transformer
would burn out (or a protecting fuse would blow) in the event that it was
connected to a DC line, In the AC-DC half-wave power supply there is no
transformer. When the plate of the rectifier tube is connected to the pos-
itive side of a DC line and when the cathode is connected to the negative
side of the DC line through the load, the circuit will supply B+ voltage.

The rectifier plate will always be positive with respect to the cathode, and
a steady stream of electrons will be attracted to the plate—a B+ voltage
with very little ripple will appear at the cathode.

]1)12 NO ZERO
B CONDUCTION T T VOLTS
D.C. - ¢
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CONDUCTION D.C.

— D
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7
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Notice that for DC line operation the plate must always be connected to
the positive side of the line and the cathode must always be connected
through the load to the negative side of the line. ¥ these connections
should be reversed accidentally (because of the use of a non-polarized
line plug), the plate of the rectifier will be negative and will attract no
electrons from the cathode. The circuit will not work. Whenever a power
supply of this type does not operate on a DC line, one of your first checks
should be to pull out the line plug and turnit so as to reverse the rectifier

tube connections to the line. The use of a polarized line and line plug
prevents this trouble.

If an AC line is used, this power supply will operate no matter how the
line plug is connected to the line. However, one side of the AC line is
usually grounded and one side is "hot.” H the rectifier is plugged in so
that the cathode is connected to the '"hot’ side of the line through the load,
there will be more AC hum in the circuit attached to the power supply.
Whenever you notice excessive hum in equipment using a power supply of
this type, try reversing the line plug. The use of a polarized line and
line plug will prevent this trouble,
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Transformerless Power Supplies (continued)
The Voltage Doubler Power Supply

A transformerless type of power supply which is sometimes used in
electronic equipment is the voltage doubler. The disadvantage of the AC-DC
half -wave power supply is that it will furnish only about 100 volts B+ which
places great restrictions upon the type of circuits which may use this power
supply. Voltage doublers do away with this problem by supplying approxi-
mately 300 volts B+ when connected to a 110-volt AC line.

'--‘---‘:L_I-gv T
THE VOLTAGE L Al «d T .
DOUBLER - 115V. 4 OUTPUT
(160V. Peak) T l
D C OUTPUT
= TWICE
PEAK A C .
INPUT _'L—Js;v y
AC. D.C.

+. meur o~ *—+ OUTPUT

115V, - APPROX)

'-- (160V. Peak)-‘ 16| 0\£ 320v. )
G 1 11 K Jq-—i—

The operation of a voltage doubler circuit is very simple and is shown in
the illustration. This circuit uses a rectifier containing two plates and
two cathodes—giving you two half~wave rectifier circuits. Each of the

two half-wave rectifiers operates off the same AC input. When the right-
hand AC input terminal is positive, the upper rectifier in the diagram con-
ducts electron current and the upper condenser charges up to peak line
voltage. When the left-hand AC input terminal is positive, the lower recti-
fier in the diagram conducts electron current and the lower condenser
charges up to peak line voltage. Each condenser is now charged and both
are in series with respect to the DC output terminals. The sum of these

two peak voltages is now available as a DC output which is equal to twice
the peak voltage of the AC input.

In circuits of this type the heaters of the rectifier tube and the other tubes
in the circuit are all connected in series in the same way as with the AC-
DC half-wave rectifier. The voitage doubler will operate only when con-

nected to an AC line since the doubling effect is due to the reversal in

line voltage. The voltage doubler circuit sometimes has a transformer

between the line and the AC input terminals of the doubler circuit. The
transformer is used either to isolate the circuit from the ground of the
AC line or to put a higher AC voltage into the circuit so as to get avery
high voltage DC output.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Transformerless Power Supplies (continued)

Dry Metal Rectifier Power Supplies

Earlier you learned how dry metal rectifier circuits worked. Dry metal
rectifiers allow you to eliminate the transformer in an electronic power
supply. Dry metal rectifiers have the advantage of being rugged, long-lived,
small in size and capable of large current output. They are quite adaptable
to being hooked up in half-wave, full-wave and voltage doubler circuits.

They also can be hooked up to give either a positive or negative voltage
output.

Dry metal rectifiers are used to some extent in radar, sonar and com-
munications equipment. In addition they are also used as the rectifier in
AC voltmeters. A few common circuits that contain dry metal rectifiers
are shown below. Since you are already acquainted with both the dry metal
rectifier and the circuits themselves, you should be able to understand how
these circuits work without further explanation.

When power is first applied, a high current will flow to charge the input

condenser. You will notice that a resistor (R) is inserted in series with
each half-wave rectifier element. This resistor is put in as a current lim-
iting device to prevent too much current from flowing through the rectifier.

BRIDGE TYPE
RECTIFIER

HALF-WAVE DRY METAL RECTIFIER CIRCUIT

I+

I!w. | ]. + -
Af. ']' -

® -+ —o B -

VOLTAGE DOUBLER CIRCUIT

’ oB +
: L.

BRIDGE RECTIFIER




OTHER TYPES OF POWER SUPPLY CIRCUITS

Transformerless and Chokeless Power Supplies

Eliminating the choke as well as the transformer from the power supply
results in the savings of weight, space and cost. The choke may be elimi-
nated from the filter circuit by replacing it with a resistor. The result is
a resistance-capacitor (RC) filter as shown in the illustration. RC filters
are economical and work very well whenever the load current drawn from
the filter circuit is small. RC filters are used extensively in oscillo-
scopes, vacuum tube voltmeters and other equipment that require very
little B+ current drain.

PARTS USED:

R-C FILTER

The advantage of the RC filter is its savings in weight, space and cost.

The disadvantage is that the filtering action is effective only with small B+
current drain. As you recall, a choke presents a high impedance to the AC
ripple coming out of the rectifier and the condenser presents a low imped-
ance. As a result, most of the ripple will appear across the choke and
very little will appear across the condenser and the load. The DC voltage,
however, is not presented with any impedance by the choke other than the
resistance of the winding which is very low.

The RC filter offers the same resistance to both the AC ripple and the DC

current. As a result there is a drop in DC voltage caused by the DC cur-

rent flow through the filter resistor. If the value of the resistor is made

low to decrease the DC voltage drop, ripple voltage will get through the
filter. If the value of the resistance is increased to stop the AC ripple, the
drop in DC voltage will be too great. The only way to make this type of
filter operate efficiently is to use a large value of resistance to draw very
little DC current from B+. Very little DC current flowing through the high
value of resistance means that there will be a very small DC voltage drop
across the resistor and the filter will operate efficiently.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Power Supplies for DC Voltage Sources

Now that you know something about power supplies that are specially de-

signed to save weight and space (and cost in commercial applications),
you are ready to find out something about power supplies thatare designed
to operate electronic equipment when only DC voltage is available,

In order to operate electronic equipment properly, a fairly high DC voltage
is required for the various vacuum tubes in the equipment. When an AC
line is available, it is a simple matter to step up the available AC voltage
by means of a transformer and rectify the resulting high voltage AC into
high voltage DC. You have seen that when space and weight restrictions
are important, power supplies may eliminate the transformer and put out
a DC voltage of approximately 100 volts B+. You have also seen low-
voltage doubler circuits can give you a B+ voltage twice the peak value of
the AC line without the use of a transformer.

You are now ready to find out how highvoltage DC can be supplied to elec-
tronic circuits when the only source of voltage is DC at 110 volts or lower
voltage sources such as batteries. The general solution to this problem
is to change the DC to AC, which can then be stepped up in voltage and

then rectified into high voltage DC. This is done by means of vibrators,

motor generators, dynamotors and rotary converters. When DC voltage
at approximately 110 volts is available and if a B+ voltage output of 100

volts is satisfactory, the AC-DC half-wave rectifier power supply already

described may be used.

.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Vibrators

The vibrator type power supply changes low voltage DC from batteries or
a DC line into high voltage DC by means of three operations:

1. The low voltage DC is changed into AC of the same voltage.

2. The low voltage AC is put into a transformer and comes out as high
voltage AC.

3. The high voltage AC is rectified and filtered into high voltage DC.

The vibrator is the means by which the first operation is accomplished.
Operation 2 is accomplished by means of a transformer. Operation 3 is
done by means of either the vibrator or one of the conventional vacuum
tube rectifier and filter circuits with which you are already familiar.

The construction of a simple vibrator is shown below. A heavy strip of
metal serves as a frame to hold a small electromagnet, a spring metal
"reed" and two electrical contacts in place, A soft~iron tip is mounted on
the free end of the reed, near the electromagnet. The electromagnet is

mounted slightly off-center so that it can move the reed whenever current
flows in the coil of the electromagnet. This vibrator mechanism is in-

serted in a2 metal cover which isoften lined with a vibration absorbing ma-
terial such as soft rubber.

What goes on inside the VIBRATOR!

ELECTRO-
MAGNET

RUBBER
LINING
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Vibrators (continued)

The vibrator you saw on the last sheet is connected to the primary wind-
ing of a transformer as shown in the illustrations on this sheet. For
the moment ignore the transformer secondary circuit and just consider
what takes place in the primary circuit. Before the DC source—here
shown as a battery—is connected into the circuit, the reed remains be-
tween the two contacts. When the battery is put into the circuit, the fol-
lowing things happen:

1. A small DC current flows from the battery through the electromagnet,

through the lower half of the transformer primary and back into
the battery.

2. The electromagnet builds up a magnetic field and attracts the reed
towards the lower contact.

3, The reed strikes the lower contactand a large DC electron current flows
from the battery through the reed, through the lower contact, through
the lower half of the transformer primary and back into the battery.

VIBRATING
REED

ELECTRON CURRENT THROUGH TRANSFORMER PRIMARY

When the vibrator reed hits the lower contact, it puts a direct short across
the electromagnet coil. This causes the magnetic field to collapse. Since
the electromagnet can no longer hold the reed against the lower contact,
the reed springs back past the center position and strikes the upper con-

tact. When the reed strikes the upper contact, the following things happen.

4. A large DC electron current flows from the battery through the reed,

through the upper contact, through the upper half of the transformer
primary and back into the battery.

5. Since the electromagnet is no longer shorted out by the reed, it builds
up a magnet field and pulls the reed back towards the lower contact.

The entire cycle is repeated again and again. Vibrations take place at ap-
proximately 100 times per second.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Vibrators (continued)

The net result is an AC current that flows through the primary of the
transformer, first in one direction and then in the opposite direction. This
reversal of current, induces high voltage in the transformer secondary.
This high voltage is rectified by a vacuum tube rectifier circuitand be-
comes high voltage DC. The fact that this high voltage DC has square
topped peaks instead of the usual sine wave shape does not matter—the
filter circuit circuit changes it into a smooth B+ voltage.

The type of vibrator used in this circuit is known as a ""non-synchronous"
vibrator,

BUFFER
CONDENSER

RADIO INTERFERENCE
ELIMINATOR RADIO INTERFERENCE
ELIMINATOR

VOLTAGE ACROSS VOLTAGE ACROSS [ER7e)% e}

TRANSFORMER FROM B+
TRANSFORMER PRIMARY SECONDARY TO GROUND

Because of the very sharp voltage surges occurring in the vibrator power
supply circuit, various difficulties are experienced with this type of cir-

cuit. One annoying trouble is sparking at the vibrator contacts due to the
very highvoltage induced in the secondaryat the instant the reed separates
from the contacts. This sparking shortens the life of the vibrator, but it
may be eliminated to a large extent by inserting a buffer condenser across
the secondary to short out the sharp voltage pulses. This condenser has

a fairly critical value, usually in the range of from 0.0005 to 0.05 micro-
farads. The buffer condenser reduces sparking so that the life of the

vibrator contacts will not be shortened; however, any remaining sparking
may cause radio interference. This radio interference is eliminated by
the addition of RF chokes and condensers in the transformer primary cen-
ter tap and in the rectifier output.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Vibrators (continued)

Another type of vibrator circuit is one that makes use of the vibrating
reed to rectify the high voltage AC from the transformer secondary into
pulsating DC without the use of a separate rectifier. This circuit is known
as the "synchronous'" vibrator circuit, The portion of the circuit in the
transformer primary works exactly the same as in the non-synchronous

vibrator circuit, The transformer secondary is connected back to the vi-
brator reed by meansof an extra pair of contacts as shown in the diagram.

THE Synchronous Vibrator

B+ OUTPUT FOR CONDITIONS X AND Y

The two vibrating reeds shown connected together by the dotted line in the
diagram are actually one reed placed between two pairs of contacts. The
action of the reed between the transformer secondary contacts produces
the same results as a full-wave rectifier. RF chokes and buffer conden-
sers are used in this vibrator circuit in the same manner as in the non-
synchronous vibrator to eliminate contact sparking and radio interference.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Motor Generators, Dynamotors and Rotary Converters

Motor generators, dynamotors and rotary converters are sometimes used
to operate AC electronic equipment when only a DC source of voltage is
available. A motor generator consistsof a motor and a generator mechan-
ically connected together. For the application being considered a DC mo-
tor would be used to drive an AC generator which would be designed to
give a 60-cycle output at line voltage. Equipment designed to operate from
60-cycle AC at line voltage could then be operated from a DC source by
means of this type of motor generator. This type of motor generator
could be used as an emergency unit by having the equipment operate off

the AC line under normal conditions, and the equipment could operate

from a battery source by means of the motor generator in the event of an
AC line failure.

De . MOTOR . GENERATOR . AC

A dynamotor is a rotating DC machine that operates from a low voltage
DC source and puts out one or several high voltage DC outputs. It is
basically a DC motor and a DC generator built onto one armature and
having two or more windings and two or more commutators. Dynamotors
are usually operated from 6-, 12-, 24- or 32-volt storage batteries and
deliver from 250 to over a thousand volts DC at various current ratings.

DYNAMOTOR PRINCIPLE

MOTOR
WINDING

250V. DC
OUTPUT

GENERATOR
WINDING
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Motor Generators, Dynamotors and Rotary Converters (continued)

Rotary converters are commonly used to change AC to DC, but they may
be used to operate off storage batteries and give an output of 60 cycles
AC at line voltage. When used to operate from DC sources and give AC
outputs, they are known as inverters. The construction of a rotary con-
verter is similar to a DC generator except that two slip rings are used
which are connected to commutator segments 180 degrees apart.

SLIP RINGS ROTOR WINDING SIMPLIFIED
SCHEMATIC
T DIAGRAM OF

ROTARY

DC
ounS, CONVERTER

AC INPUT

TYPICAL
INVERTER UNIT

When the peak AC voltage output desired is no higher than the average DC
voltage input, one winding may be used on the armature. If a greater volt-
age is desired, two windings are used on the same armature. The use of
one armature and one field for both the AC and DC sections results in
instability of operation. In order to increase stability the AC and DC sec-
tions are often wound on two armatures using separate fields. The two
armatures are coupled together and the whole unit functions as a motor
and a generator built into one unit.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Review of Transformerless Power Supplies

AC-DC HALF-WAVE RECTIFIER .
POWER SUPPLY — This circuit will —

supply about 100 volts B+ and will op- 117V.

erate from either in AC or DC power AC. T T .-

line. The circuit is a simple half-
wave rectifier circuit usually followed AAAAA
by a condenser input filter. The fila-
ments of the rectifier tube and the
other tubes in the circuit are all con-
nected in series across the power line.

FILAMENTS OF OTHER
TUBES IN EQUIPMENT

VOLTAGE DOUBLER POWER SUPPLY
-- This circuit will supply up to 320
volts B+ from a 117-volt AC power line

without the use of a transformer. The  C

circuit consists of two half-wave recti~ @ e AS o

fiers and two capacitors. The capaci- T i =y LT (AEPROX)

tors are connected in series and each (sov. Pean) — Bamygy 2V
G omar eud T

is charged up to peak line voltage re-
sulting in the voltage doubling effect.
The filaments of the rectifier tube and
the other tubes in the circuit are all
connected in series across the pow-
er line.

E= UALF-WAVE DRY METAL RECTIFIER CIRCUIT

"

DRY METAL RECTIFIER POWER
SUPPLY — Dry metal rectifiers may
be used instead of vacuum tube recti-
fiers. Dry metal rectifiers are rug-
ged, long-lived, small in size and capa-
ble of large current output. They can
be hooked up in half-wave, full-wave
and voltage doubler circuits.

1-106



OTHER TYPES OF POWER SUPPLY CIRCUITS

Review of Transformerless and Chokeless Power Supplies

CHOKELESS POWER SUPPLIES — Any
of the transformerless rectifier cir-

cuits listed on the previous sheet may
be used with standard choke andcapaci-
tor filter circuits. However, an addi-

tional savings may be made in space,

weight and cost if the filter choke is

replaced with a resistor. This type of
RC f{ilter is effective only when a very

small B+ current drain is required and

a fairly large resistor can be used.

Review of Power Supplies for DC Voltage Sources

VIBRATORS - A vibrator is a me-

chanical device which changes DC into
AC. A simple vibrator is essentially a
single pole double throw switch with a
vibrating switch arm. When the vibra-
tor is connected to a transformer with
a center tapped primary as shown, the
action of the vibrating switch arm
causes current to flow first in one di-
rection and then in the other direction
through the transformer primary. The
transformer puts out an alternating
high voltage which can be rectified and
filtered into a high voltage DC.

SYNCHRONOUS VIBRATORS — The
non-synchronous vibrator changes DC
into high voltage AC which must then
be rectified by means of a vacuum tube
rectifier., A synchronous vibrator does
away with the need for a separate rec-
tifier. The portion of the vibrator in
the transformer primary works exactly
as in the non-synchronous vibrator
circuit. The transformer secondary
is connected back to the vibrator reed
by means of an extra pair of contacts
as shown. The action of the vibrating
reed between the transformer second-
ary contacts produces results the same
as if a full-wave rectifier were
placed there.
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OTHER TYPES OF POWER SUPPLY CIRCUITS

Review of Power Supplies for DC Voltage Sources (continued)

MOTOR GENERATOR — A motor and

a generator mechanically coupled to-

gether. Equipment designed to operate oc B wom B s B ac
from an AC power source may be made
to operate from the DC line if a motor
generator is used. The DC motor is
connected to the DC line, and the DC
motor spins the rotor of the AC gen-
erator which puts out 117 volts AC.

DYNAMOTOR — A rotating DC ma-
chine that operates from a low voltage
DC source and puts out one or more
high DC voltages. A dynamotor is basi-
cally a DC motor and a DC generator
built onto one armature and having two
or more commutators.

ROTARY CONVERTER — Rotary con-
verters are commonly used to change SLIP RINGS  ROTOR WINDING
AC to DC, but they may be used to op-

erate from storage batteries togive an K ):l
NN
1

output of 117 volts AC and arethen
known as inverters. The construction
of a rotary converter is similar to a
DC generator except that two slip rings ;.0 wivome

are used which are connected to com- R T

mutator segments 180 degrees apart.
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CHARACTERISTICS OF DIODE VACUUM TUBES

The Jobs of a Vacuum Tube

Up to this time you have been working with vacuum tubes used as rectifiers
in power supply circuits. Your knowledge of diode tubes has been suf-

ficient for an understanding of power supplies. However, from now on
you are going to do a great deal of work with vacuum tubes in many types

of circuits, and now is the time to begin finding out about vacuum tubes.

The subject of vacuum tubes is really a simple one because—and you will
be glad to know this—vacuum tubes do only two types of jobs.

A vacuum tube can change an AC voltage into a pulsating
DC voltage. This is called RECTIFICATION. Thisjobis
accomplished by the diode.

NAN *
\/U\/\ |

I-.]

,/////////////// RECTIFICATION

A vacuum tube can change a small AC voltage intoalarge
AC voltage. This is called AMPLIFICATION. Thisjobis
done by the triode, the tetrode or the pentode.

| B e

AMPLIFICATION

You have been concerned with the vacuum tubes that take care of rectifi-
cation. Later, in the amplifier section, you will learn about the other types
of vacuum tubes.
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CHARACTERISTICS OF DIODE VACUUM TUBES
Factors Common to All Vacuum Tubes

The diode is one of the four basic types of vacuum tubes. There are many
things which are common to all vacuum tubes and you won't have to learn
all about these common characteristics each time you study another type
of tube. You will learn about these things in your study of the diode.

As previously stated, all vacuum tubes need a source of free electrons
and you will find that each type of tube obtains them in the same way as
the diode—by thermionic emission. Furthermore, the cathode and fila-
ment structure does notdiffer very much from one type of tube to the next.
You will study the effects of the filament on cathode emission only during

your diode experiment—remember, it's the same for the other tubes you
will study.

Y
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4-%' -

i

e

DIFFERENT TUBE TYPES

it

i

The differences between the diode and the other vacuum tubes lead to their
different uses. The diode is used to change an AC voltage into a pulsating
DC voltage; the other tubes are used to change a small AC voltage into a

large AC voltage

1-110



CHARACTERISTICS OF DIODE VACUUM TUBES

Review of Diode Characteristics

Diodes are used as rectifiers in power supplies, and as detectors, noise
limiters and automatic volume control tubes in radio receivers. Whatever

their application is, however, diodes are used because they allow current
to flow in only one direction.

From the time the plate becomes just slightly positive with respect to the
cathode until the time saturation is reached, the current in the diode is
proportional to the plate voltage. Between these limits, then, the tube acts

the same as an ordinary resistor. Of course, when the plate voltage rises
above the saturation point,the current does not respond to voltage changes
and therefore, in this region, the tube loses its resemblance tothe resistor.

+

CURRENT FLOW

When the plate becomes the least bit negative with respect to the cathode,
no electrons will flow from the cathode to the plate. The tube acts as if it
were a resistor in series with a switch and the switch were opened up.

NO FLOW
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POWER SUPPLIES

Review of Power Supplies

Before you leave the study of power supplies and go on to learn about am-
plifiers, suppose you review some of the important things you've found out
about power supplies and their components.

RECTIFICATION — A diode vacuum  + 1\ \ N\ /g +
tube allows electron current to flow ov

in only one direction—from the cath- =
ode to the plate. This effect permits Ty 1Y
AC voltage to be "rectified" into a .,
pulsating DC voltage. ) ///////////////

SATURATION — Plate current in-
creases regularly as plate voltage is
increased. When all of the electrons
that can be emitted by the cathode are
attracted to the plate, a further in-
crease in plate voltage cannot attract
any more electrons than are flowing
already. When an increase of plate
voltage fails to cause a rise in plate
current, the tube is said to be
“saturated."

SATURATION AND FILAMENT
YOLTAGE — Increasing the filament
voltage increases the filament tem-
perature—resulting in a hotter cath-
ode. The more heat the cathode gets,
the more electrons will be emitted
from its surface. When the cathode 0 5 0 % )
emits more electrons, the saturation PLATE VOLTAGE

point will not occur until the plate

voltage reaches a much higher value.

® /

X3
30 |

i
/-Fllamen( voltage = 2 volts.

PLATE CURRENT (MILLIAMPERES)
=1
N
4

HALF-WAVE RECTIFICATION — AC bc
Changing the positive cycles of an HALF-WAVE “ “
AC voltage to pulsating DC by al- § RECTIFIER |}

lowing current to flow through a CIRCUIT

circuit in one direction only. Output

Input

AC DC
FULL-WAVE RECTIFICATION — FULL-WAVE MM
Changing both cycles of AC to pul- B LRECTIFIER »

sating DC. CIRCUIT Output

Input
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POWER SUPPLIES

Review of Power Supplies (continued)

DRY METAL HALF-WAVE REC-
TIFIER - A circuit which pro-
duces half-wave rectification by
using a device consisting of two
metallic plates which conduct cur-
rent flow in only one direction.

RECTIFIER TUBE — A vacuum
tube diode consisting of plate and
cathode which aliow electron flow
only from cathode to plate and thus
acts as a rectifier.

VACUUM-TUBE RECTIFIER CIR-~
CUIT — A diode vacuum tube con-
nected in series with an AC volt-
age source to change AC to DC.

TRANSFORMER TYPE HALF-
WAVE RECTIFIER — A circuit
which uses a transformer to supply
high-voltage AC to a vacuum tube
rectifier, which then rectifies it to
pulsating high-voltage DC.

FULL-WAVE RECTIFIER CIRCUIT
= A cireuit which uses a trans-
former and a full-wave rectifier
diode to produce full-wave rectified
pulsating DC from an AC input.

3
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POWER SUPPLIES

Review of Power Supplies (continued)

FILTER CIRCUITS — Circuits con~
sisting of inductors and capacitors
used to change pulsating DC output
of a rectifier to pure DC.

COMPLETE POWER SUPPLY -
The complete circuit consisting of
full-wave rectifier and filter cir-
cuits, used to supply high DC volt-
age to other circuits.

YOLTAGE REGULATOR CIRCUIT
- A circuit which uses a gas-filled
diode to maintain constant output
voltage. The voltage across tube
terminals remains constant over a
large range of source voltage or
load current changes.

OTHER POWER SUPPLIES —
Transformerless and chokeless
power supplies, vibrators, motor-
generators, dynamotors and rotary
converters are other types of power
supplies used to fill special require-
ments as to size, weight, power
source available and load require-
ments.

Power
o—-J Supply

SAAAAAAA
YYYyvy

e @ o J) soemme ) ac

Sl ¢PCP [;

uﬂugu-n—llﬁug’u a8

MOTOR-GENERATOR
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(Note: A cumulative index covering all five volumes
in this series will be found at the end of Volume 5.}

AC-DC half-wave rectifier, in power
supplies, 1-94, 1-95

Bridge rectifier circuits, 1-49, 1-50

Current flow, in half-wave rectifier circuit,
1-43
in full-wave rectifier circuit, 1-48

Diodes, characteristics of, 1-109t0 1-112
current flow in, 1-28, 1-29
gas-filled, 1-35, 1-37
how current is controlled in, 1-112
how they work, 1-25
in transformer type circuits,

1-40, 1-41
vacuum-filled, 1-36
Dynamotors, 1-104

Electronics, meaning of, 1-1
Electronic equipment, 1-2
parts used in, 1-3

Filters, improving operation of,
1-64, 1-65
in power supplies, 1-12
Filter capacitors (condensers),
1-60 to 1-63
dry electrolytic, 1-63
electrolytic, 1-61 to 1-63
paper construction of, 1-60
paper high voltage, 1-60
wet electrolytic, 1-62
Filter chokes, 1-49
Filter circuits, 1-52 to 1-80
capacitors in, 1-57 to 1-59
capacitor input, single-section,
1-70,1-72
choke input, single-section,
1-70, 1-71
in power supplies, 1-53

parallel-resonant, 1-73

RC faults of, 1-66, 1-67
series-resonant, 1-73

two-section, 1-73

using choke instead of resistor, 1-68

Input filter capacitor, charging, 1-74
Inverters, 1-105

Motor generators, 1-104

Power line filter capacitor circuits, 1-43
Power supplies, circuits in, 1-52
dry metal rectifier, 1-97
for DC voltage sources, 1-99
general types, 1-93
importance of, 1-7
need for other types, 1-92
transformer type, 1-39
transformerless, 1-94 to 1-98
transformerless and chokeless, 1-98
voltage doubler, 1-96
what they do, 1-8

why there are different types,
1-14t0 1-16

Rectifiers, changing AC to DC
in half-wave
dry metal type, 1-17
circuits in dry metal half-wave type,
1-21
copper oxide, 1-18
description of half-wave dry metal
type, 1-18t0 1-20
dry metal half-wave, 1-17 to 1-22
full-wave, 1-45to 1-151
gas-filled diodes, 1-35t0 1-37
how the full-wave type works, 1-46
parallel connection of elements
in dry metal type, 1-19
power supplies, 1-10, 1-11
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selenium, 1-18, 1-20 Half-Wave Rectifiers — Vacuum
series stacking of elements in dry Tube Type, 1-38
metal type, 1-19 Other Types of Power Supply
transformer type half-wave, Circuits, 1-106t0 1-108
1-39to 1-44 Power Supplies, 1-113t0 1-115
vacuum tubes, 1-23 Voltage Regulator Circuits, 1-91
vacuum tube half-wave type, Rotary converters, 1-105
1-23t0 1-38
Rectifier circuits, half-wave vacuum Transformers, power supplies, 1-9
tube, 1-33 Transformer type circuit, diagram of, 1-42
Rectifier output, AC and DC components operation of, 1-43
in, 1-55, 1-56
characteristics of, 1-54 Vacuvum tube, circuit wiring, 1-34
filtering half- and full-wave, 1-74 discovery of diode, 1-24
Rectifier tubes, 1-30, 1-31 electron emission, 1-26, 1-27
cathode type, 1-31 factors commonto all, 1-110
diodes, 1-30, 1-31 jobs of, 1-109
directly heated, 1-32 methods of representation in
full-wave, 1-47 diagrams, 1-34
indirectly heated, 1-32 sockets, 1-31
plates connected together, 1-32
plates connected separately, 1-32 Vibrators, 1-100to 1-103
Resistors, bleeder, 1-75t0 1-77 synchronous, 1-103

Review, Characteristics of Diode Vacuum Voltage regulation, 1-81, 1-82
Tubes, 1-111

when load current varies, 1-87, 1-88
Filter Circuits, 1-78 to 1-80

when power supply voltage varies,

Full-Wave Rectifier Circuit, 1-51 1-89, 1-90

Half-Wave Rectifiers — Dry Metal Voltage regulators, power supplies, 1-13
Type, 1-22 Voltage regulator circuits, 1-81 to 1-91

Half-Wave Rectifiers—Transformer Voltage regulator tube, 1-83, 1-84
Type, 1-44

Voltage regulator tube circuit, 1-85, 1-86
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PREFACE

The texts of the entire Basic Electricity and Basic Electronics
courses, as currently taught at Navy specialty schools, have now been
released by the Navy for civilian use. This educational program
has been an unqualified success. Since April, 1953, when it was first
installed, over 25,000 Navy trainees have benefited by this instruc-
tion and the results have been outstanding.

The unique simplification of an ordinarily complex subject, the
exceptional clarity of illustrations and text, and the plan of pre-
senting one basic concept at a time, without involving complicated
mathematics, all combine in making this course a better and quicker
way to teach and learn basic electricity and electronics.

In releasing this material to the general public, the Navy hopes to
provide the means for creating a nation-wide pool of pre-trained
technicians, upon whom the Armed Forces could call in time of
national emergency, without the need for precious weeks and months
of schooling.

Perhaps of greater importance is the Navy’s hope that through
the release of this course, a direct contribution will be made toward
increasing the technical knowledge of men and women throughout
the country, as a step in making and keeping America strong.

Van Valkenburgh, Nooger and Neville, Inc.

New York,N. Y.
February, 1955
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INTRODUCTION TO AMPLIFIERS

Examples of Amplification (continued)

AUBIO
AMPLIFIER

would you like to hear a whisper through a concrete wall or hear a fish
pump water through its gills? Amplification makes all these things pos-
sible. There are however, more important uses for amplifiers.

Of the three basic types of electronic circuits—rectifiers, amplifiers and
oscillators—amplifiers are by far the most widely used. The purpose of
an amplifier is to take a very small voltage change—one that is 80 small
that it cannot be used—and amplify it many times so that it can run a pair
of earphones, drive a loudspeaker, be seen on a 'scope, operate a
motor, etc.
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What a Vacuum Tube Can Do
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INTRODUCTION TO AMPLIFIERS

What a Vacuum Tube Can Do (continued)

When you first began your study of vacuum tubes you learned that there
are only two main jobs for vacuum tubes to do.

The first job is to change an AC voltage in-
to a pulsating DC voltage. This is called
"rectification. "

REGTl FIGATION

The second job is to change a small AC volt-
age into a large AC voltage. This is called
"amplification. "

Because of your work with rectifier and power supply circuits, you now know
all you need to know about rectification and the diode tubes that are used to do
this job. Now you are ready to learn about the second main job a vacuum tube
can do—~—amplification. In this section you will learn about the vacuum tubes
that do the job of amplifying small AC voltages into large AC voltages.
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INTRODUCTION TO AMPLIFIERS

Types of Vacuum Tubes (continued)

Most of these 1, 200 tubes can be broken down into four main types. Once
you understand these four main types, you will know them all. Whenever
you run across a new tube, you will always be able to understand what it

does and how it works simply by comparing it to the four main types
you know.

Their names describe them by telling how many parts (cathode, grid,
plate) there are in the tube. A diode (di = two) has two parts—a cathode
and a plate. A triode (tri = three) has three parts—a cathode, a plate and
one grid. A tetrode (tetra =four ) has four parts—a cathode, a plate and
two grids. A pentode (penta = five) has five parts—a cathode, a plate and
three grids.
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How Vacuum Tubes Were Developed

INTRODUCTION TO AMPLIFIERS

@WG{%W7W

PLATE

FILAMENT

PENTODE

Tubes have developed in a logical sequence. . .

1. from Fleming's valve, , . , .

4.
5.

to the modern diode, ., , . . .

to the triode , . . . .

to the tetrode . . . .

to the pentode ., , , .

L I Y

which consists of two elements, the
filament and the plate,

in which the filament is replaced by a
combination of a filament and a cath-
ode (for reasons which will be dis-
cussed later) but which is still con-
sidered to be a two-element tube,

. a three-element tube which contains

one grid,

. afour-element tube with two grids,

a five-element tube with three grids.

The reason you are being taught vacuum tubes is not so that you will
be able to repair one which has gone bad; you will only replace such a tube
with a new one. You are being taught about these vacuum tubes in order
to understand the circuits which use them and, thereby, to make you a
more valuable troubleshooter of electronic equipment.

You will remember from your work with power supplies that thermionic
emission~~the emitting of electrons by a hot cathode-—allowed you to
change AC into DC. Notice that triodes, tetrodes and pentodes also con-
tain a cathode, which emits electrons, and a plate which collects elec-
trons. As you study these tubes you will see how the grids control elec-
tron flow to change small AC voltages into large AC voltages.
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INTRODUCTION TO AMPLIFIERS
How Vacuum Tubes Were Developed (continued)

The construction of each of these four types varies greatly—all diodes,
for example, are not built the same, do not look alike and do different jobs.
In addition, combinations of a diode, triode, or pentode, may be put in one
tube envelope. All these combinations add up to the 1,200 vacuum tubes
manufactured today.

COMBINATIONS
AND

\ B
Every electron:lc circmt has its particular needs, and there is a vacuum
tube for every job. Some have to handle small amounts of power, others
large amounts. Sometimes they must work with low frequency currents,
sometimes high frequencies and sometimes ultra-high frequencies. Some-
times they must be made small enough so that they can fit in a hearing aid
or in the fuse container of a high explosive shell. They must be heated by
1 volt, by 2 volts, or sometimes by 6 volts, etc., etc. Sometimes be-
cause of limited space available, a diode and a triode must share the same

shell. Sometimes two diodes and a triode or a diode, a triode and a pen-
tode must share the same shell!

2-9



INTRODUCTION TO AMPLIFIERS

Types of Amplifiers

Amplifiers are designed to amplify only those frequencies their type of
equipment requires and can be divided into three general groups according

to

1.

the frequency range of the signals they amplify.

Audio Amplifiers: These amplify a band of frequencies from 15 cycles
per second (cps) to 15,000 cps. This is the range of frequencies which
the ear can hear—therefore the name "audio.'" These amplifiers pro-
duce a great deal of the amplification in radio receivers, in intercom
equipment, in sonar and in many other types of equipment.

. Video Amplifiers: These are similar to audio amplifiers in that they

cover a wide range or band of frequencies and are also similar in de-
sign and operation. The frequency band, however, is very much ex-
panded, covering frequencies from 30 cps to 6,000,000 cps and higher.
Video amplifiers are used primarily to amplify signals for 'scope pres-
entations in radar and fire control equipment and in television.

Radio Frequency Amplifiers: Unlike the other types, RF amplifiers
amplify a narrow band of frequencies, but this narrow band may be any-
where within the wide range of frequencies from 30, 000 cps to several
billions of cycles per second. They are used in radar, fire control,
sonar, radio receivers and transmitters. When you tune a piece of
equipment, such as a home receiver, you are changing the narrow
band of frequencies which the set will amplify.

AUDIO AMPLIFIERS VIDEO AMPLIFIERS R.F. AMPLIFIERS

IN IN IN

o RADAR ¢ SONAR

o FIRE CONTROL GEAR
o RADIO RECEIVERS

o TRANSMITTERS

o RADIO RECEIVERS o TELEVISION
o INTERCOM EQUIPMENT o RADAR
o SONAR o SONAR

o FIRE CONTROL GEAR

Even though they may look different from one another, amplifiers all work

in
of

much the same way. In the following work you will learn the operation
audio amplifiers. They come first because they are the simplest of the

three and they will help you to understand how the others work.
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THE TRIODE

Vacuum Tubes and Amplification

One of the most important applications of vacuum tubes is their use to
change a small voltage input into a large voltage output. This process of
increasing voltages is called amplification.

For example, in an ordinary radio set the tubes take a signal of a few mil-
lionths of a volt from the antenna ("aerial") and change it into a powerful
signal that is capable of driving a loudspeaker. This requires a great deal
of amplification.

You will find that vacuum tubes are used to produce amplification in re-
ceivers, in transmitters, in sonar, in radar and in loran; and it is a fore-
gone conclusion that when new types of electronic equipment come into
use, some of the tubes there, too, will be used for amplification.

One of the tubes which can produce amplification is the triode.
2-11



THE TRIODE

A Typical Triode Tube

Cathode

Grid

Heater
T [
S Anode or Plate - BL

|
N
Wiring connections ,
to the base
Grid |
Cathode
Heater

Yy
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THE TRIODE
Seeing How the Triode Works

For purposes of explanation, let's compare the triode to the water system
shown below. In the water system, you are interested in controlling the
flow of water. One way you can do this is by varying the pressure in the
system or, in other words, changing the height of the water tank.

] {

— —— —— —— — —

— — — —— — —

— — —— ———— t— ——

Raise the tank
to increase
the flow

Lower the tank
to decrease
the flow

T LN

A much more convenient way to vary the flow of water is by using a faucet
or valve in the system. Then, by simply turning the faucet, you can con-
trol the flow of water. Notice that the water pressure doesn't have to
change in order to affect the flow.

Open the faucet Close the faucet
to increase to decrease
the flow the flow

This is similar to the way a triode tube amplifies the flow of current. In
the triode an additional element, the grid, is placed in the tube, its pur-
pose being to control the flow of current in the tube just as the faucet con-
trols the flow of water. You will see that a small voltage variation on this
element produces a comparatively large current variation in the tube.
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THE TRIODE

The Control Grid

This additional structure in the triode is called a "grid" or, more specific-
ally, (to distinguish it from other grids found in tetrodes, pentodes, etc.)
the "control grid". It is a very thin wire wound like a spiral around the
cathode so that tube current can pass right through its spacings.

n»mllllIillllllﬂllllllﬂm

il

The plate of a triode is normally connected to a high positive voltage, B+.
The grid of the triode is usually kept at a negative voltage with respect to
the cathode. Because electrons are negatively charged, they tend to be
repelled by the negative grid. The grid, being closer to the cathode than
is the plate, has a greater effect in controlling the tube current than does
the positive plate. If the grid becomes less negative, more electrons will
get through to the plate; if the grid becomes more negative, fewer elec-
trons will get through to the plate.
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THE TRIODE

The Control Grid (continued)

This is what happens when you vary the DC voltage (called "bias") on the
control grid. The plate is very positive and tends to attract electrons. If
the grid is negative, it tends to repel electrons.

Space charge Grid Plate

When the grid is made sufficiently
negative, its tendency to hold back
the electrons will just equal the
plate's pull on the electrons and no
current will flow. The point at
which the two effects are balanced
is called "cut-off." When the grid
is more negative than this, the tube
is operating ""beyond cut-off'* and no
current flows.

Less than cut-off

When the negative charge on the grid
is reduced, a few electrons manage
to get from the space charge to the
plate.

Much less than cut-off

When the grid voltage is reduced
further or made equal to zero, more
current will flow from the space
charge to the plate.

I the grid is made posgitive with re-
spect to the cathode, still more cur-
rent will flow. A point will be
reached when the grid is so positive
that the electrons flow from the
cathode as fast as the cathode can
emit them. This is saturation and
a still further increase in grid volt-
age will not cause an increased cur-
rent to flow.
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THE TRIODE
How the Triode Is Similar to the Diode

Since the only difference between the two tubes is the presence of a grid,
you might expect to find several similarities between them.

The triode's cathode and filament are no different than the diode's and,
therefore, everything that was said about a diode's electron emission is
also true of the triode's. In both tubes the emission (and therefore satu-
ration) depends upon the filament voltage. In both, burned-out filaments

are the most common cause of failure and, in both, cathode emission will

B - < ﬁ Tﬂlﬂ 'II’W,"E

3

...mllll““““ ““““ ‘ . f

As in the diode, saturation in a triode occurs because there is a limit to
the amount of current which the cathode can emit. In the triode, satura-
tion (limiting current) can be reached at a lower value of plate voltage if
a positive voltage is applied to the grid; in the diode, of course, it depends
only on the plate voltage.

On the other hand, if the grid is made sufficiently negative, no current will
flow. The valueof grid voltage which reduces the current to zero is called
the "cut-off" voltage. Increasing the negative grid voltage beyond this
point will have no effect since the tube is already cut off. Cut-off also de-
pends upon the triode's plate voltage; with a more positive plate voltage, a
more negative grid voltage will be necessary to produce cut-off.

In a diode current flows only when the plate is positive, and no current
flows when the plate is negative. In a triode, however, the plate can be
positive and still no eurrent flows if the grid is sufficiently negative. The
cut-off point of a triode depends upon the particular tube (how it is con-
structed) and upon the value of plate voltage.
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THE TRIODE

How Amplifiers Work

You have found out a little about how important amplifier circuits are in
equipment. Now you are ready to find out how they work.

It's all very simple—a vacuum tube does the entire job of amplifying if you
provide it with the proper operating voltages and connections. I you supply
the proper voltages to the various tube elements, a small change in voltage
applied to the grid causes a large change in voltage on the plate. The pro-
duction of a large voltage change from a small voltage change is called
ramplification. "

You learned that a good way for you to picture the operation of a grid in a
vacuum tube was to think of the grid as a valve ia a water pipe. The
British are so fond of this explanation that, to this day, they call a vacuum
tube a "valve." When the grid of the tube is very negative, the "valve" is
closed and there ig little or no flow of electrons from the cathode to the
plate. When the grid voltage is changed so that it becomes only slightly
negative, the ''valve" is nearly wide open and there is a large flow of elec-
trons from the cathode to the plate,

A Very negative grid . . .
very little plate current.

B Less negative grid . . .
more plate current.

c Slightly negative grid . . .
large plate current.

I
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THE TRIODE

How Amplifiers Work (continued)

Now a small flow of electrons from the cathode to the plate means that only
a small number of electrons flow from the plate to the B+ lead of the pow-
er supply, and a large flow of electrons from cathode to plate means a
large current flow from the plate to the B+ lead of the power supply.

A change in current appearing at the plate of a tube is of no direct use, but,
if this plate current change can become a plate voltage change, the orig-
inal voltage change appearing at the grid will have been amplified. The
way to accomplish this is to put a resistor between the plate and B+. You
know that whenever the electron flow through a resistance changes, a volt-
age change is produced across that resistance. This voltage change is
many times larger than the voltage change on the grid. Since the plate or
output voltage changes by the same amount as the voltage across the re-
sistor, the amplified grid voltage change appears at the output.

o VERY NEGATIVE GRID
o VERY LITTLE PLATE CURRENT

e VERY LOW VOLTAGE DROP
ACROSS PLATE LOAD RESISTOR

® LESS NEGATIVE GRID
© MORE PLATE CURRENT

¢ LARGER VOLTAGE DROP
ACROSS PLATE LOAD RESISTOR

o SLIGHTLY NEGATIVE GRID
® LARGE PLATE CURRENT

o VERY LARGE VOLTAGE DROP
ACROSS PLATE LOAD RESISTOR

Using this circuit with certain types of vacuum tubes, the change in plate
voltage can be made more than 200 times the change in grid voltage—a
voltage gain or amplification of over 200.
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THE TRIODE
How Amplifiers Work (continued)

Let's take a look at a triode
circuit and see how amplifi-
cation is accomplished. The
cathode-to-plate current flows
through the load resistor
which is in series with the
plate and causes a voltage drop
across the plate. Therefore, L
as long as current is flowing,
the voltage on the plate is less — T
than B+ by an amount equal to
the drop across the load.

Now a slight change in grid
voltage causes a large change
in plate current and this causes
a corresponding change in the
voltage drop across the load re-
sistor. If the voltage drop
across the load resistor in-
creases, the plate voltage will
decrease by the same amount.
This change in plate voltage is
called the“output voltage.” Be- J_
cause a change in grid voltage _=i=
produces a much larger change ==
in plate voltage, the triode
amplifies.

Here is an example of what v
happens in an actual tube:
With the grid voltage = -10
volts, load resistor = 10K
ohms, B+ = 250V, the plate
current that flows is 5 ma.
This current causes a voltage
drop across the load of E = IR
=, 005x 10,000 = 50 volts.
Therefore, the plate voltage is
200 volts (250 -50). _L
Now let's change the grid volt-
age from -10 volts to -5volts [
(less negative). The current
increases to about 12 ma., = _L
the drop across the load is 120 = = - -
volts—an increase of 70V, and

the voltage on the plate is now only 130 volts—a decrease of T0V. Note
that the sum of these two voltages still adds up tc the B+ voltage of 250V.
Thus, a change of only 5 volts on the grid has changed the plate voltage 70
volts—an amplification of 14 times.
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THE TRIODE
Tube Characteristics—Amplification Factor

Since the grid voltage and plate voltage can be used to control the flow of
current to the plate, it is important to see which does the better job. If
you look at the results of tests, you will see that a small change in grid
voltage can produce a large change in plate current while a much larger
change in plate voltage is necessary to produce the same plate current
change.

The ratio of the effectiveness of the grid and plate in controlling plate cur-
rent is called Mu, and the Greek letter s is used to represent it.

From these results we can say that the grid of the tube is much more ef-
fective than the plate in controlling plate current.

M= Change in plate voltage

to produce the same change in plate current.
Change in grid voltage P P

Actually the Mu of tube is much more than a ratio. It tells you how much
a vacuum tube is able to amplify a signal that is applied to its grid. For
example, suppose you find that when the grid voltage is changed from -2
to -4 (a change of 2V) the plate current changed the same amount as it
did when the plate voltage was changed from 140V to 100V (a change of
40V). The ratio of these two voltage changes is 20 to 1, which means that
if one volt of AC is applied to the grid of the tube, 20 volts of AC will ap-
pear in the plate circuit. The tube, therefore, has amplified an AC sig-
nal 20 times. For this reason the Mu of a tube is also known as the am-
plification factor.

CHANGE IN PLATE CURRENT
IS THE SAME FOR

i
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THE TRIODE
Tube Characteristics—Plate Resistance

The plate resistance of a tube is the internal opposition offered, between
the cathode and plate, to the flow of the alternating component of plate cur-
rent. When the tube is operating with an AC voltage on the grid, the num-
ber of electrons flowing to the plate changes, and this affects the internal
or plate resistance of the tube.

This plate resistance is the ratio of a change in plate voltage to a change
in plate current with the grid voltage constant. For example, the 6C5's
plate resistance can be determined from the results of a test where the
plate voltage will be varied and plate current values recorded for a con-
stant grid voltage. Suppose the test curve indicates that a change in

plate voltage from 100V to 150V produced a change in plate current of 5 ma.
Since the plate resistance is—

_ Change in plate voltage
L Change in plate current —for a constant grid voltage

then

D = 10, 000 ohms.

50
.005

The plate resistance is not the same for all vacuum tubes. For triodes it
will range from 2, 000 to 100, 000 ohms and for pentodes it may be as high
as 1 megohm.

DETERMINING THE

Plate Resistance.

OF A TRIODE

Grid volitage
constant
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THE TRIODE

Tube Characteristics—Transconductance

So far you have learned about two characteristics of vacuum tubes--the
or amplification factor and the internal plate resistance-—rp. Another
characteristic—transconductance—is obtained from the relationship of 4
and r,. Transconductance is a measure of how effective the grid is in
controlling plate current and it is expressed as the ratio of /oto Tp.

Transconductance (gy,) = rﬁ in mhos
p

In simplified form, g, represents the effect of a changing grid voltage on
plate current with the plate voltage held constant.

The gy, of a tube is expressed in micromhos which is one millionth of a
mho, pronounced "mo"-—ohm spelled backwards. It is used as the unit of
transconductance since conductance is the opposite of resistance.

Using the 4£ and rp from the previous sheets, the g, of the 6C5 can be
determined.

K20

¥m = ¥, = 10,000

€m = 2000 micromhos

= .002 mhos

For most vacuum tubes, the transconductance is usually several thousand
micromhos. Tubes with a high /u. and low rp will have a high g;,.

Plate current

ﬁ change
Grid voltage
change

Plate voltage constant




THE TRIODE

Review of Triode Characteristics

Curve 1;: You can see that cut-off for
this particular tube is about -14 volts
with 200 volts on the plate. As the
grid voltage is made less negative,
the current increases along the Eg-lp
curve. A portion of the curve is
straight or linear. On this linear
portion the plate current variations
are uniformly proportional to the grid
voltage variations. In this linear
region a change of 2 volts on the grid
produces a change of about 4 ma. in
the plate current. The graph shown
here is called the Eg-I, curve. Eg=
grid voltage and Ip= plate current.

Curve 2: With the grid voltage set at
-8 volts, it is seen that changes of
plate voltage affect the plate current.
But a 10-volt change on the plate
causes only a very small change in

the plate current. By comparing the
results in curve 1 and curve 2, you can
see that the grid exerts a greater
control on the plate current than

does the plate.

Curve 3: While the tube is cut off’
(from grid voltages of -14 and be-
yond) no current flows and there is
no voltage drop across the plate
load resistor. The plate voltage is
equal to B+ while the tube is cut-off.
When the grid voltage becomes less
negative, plate current flows and

a voltage drop is developed across
the load resistor, causing the plate
voltage to drop. Along the linear
portion of the curve, a 2-volt change
on the grid produces a change of
about 30 volts on the plate. This is
a gain (amplification of 15.
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THE TRIODE AMPLIFIER

Grid Bias Voltage

You should know how the plate current of a triode behaves under different
operating conditions. If you look at curve 1 on the previous page, you will
see that when the grid is made positive with respect to the cathode, the
plate current rises to high values. When the grid is made sufficiently
negative with respect to the cathode, plate current drops to zero. These
are the extreme conditions in the operation of a triode,

We are concerned with triodes used as amplifiers, and for this purpose
they are normally operated with the grid negative to prevent distortion of
the signal. This confines the operation to the left portion of the Eg-Ip
curve (curve 1). The voltage which keeps the grid negative is called the
rgrid bias voltage.” Grid biasing is simply the process of making the grid
negative with respect to the cathode.

When a tube is used as an amplifier, two voltages in series are applied be-
tween grid and cathode:

1. The negative DC grid bias voltage which fixes the point of operation on
the Eg-Ip curve. This bias voltage may be obtained from a battery or
any other source of DC voltage. Various types of bias supplies will be
discussed later.

2. The AC signal voltage, which for the present will be in the audio fre-
quency range.

In the sheets which follow, you will see how the AC signal adds to and sub-
tracts from the bias voltage to produce corresponding changes in plate
current.

[ Type 6C5
I
AC .: ] Ip ma.
Signal 18
16
14
, 12
Grid Circuit 10
e otanAmplifier g
Bias y 6
: 4
X __ 2
0

-16-14-12-10-8-6 -4 -2 0
Eg volts
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THE TRIODE AMPLIFIER

Grid Bias Voltage (continued)

H an AC signal is applied to the grid, the current flowing in the plate cir-
cuit will vary in the same manner as the signal voltage. The positive half
cycle of the applied signal voltage is in series opposing with the bias volt-
age and therefore subtracts from it. The negative half cycle of the signal
voltage is in series aiding with the bias voltage so that addition of the two
voltages takes place. As a result, the AC signal voltage causes the grid
to.cathode voltage to be alternately less negative and more negative. This
varying negative voltage between grid and cathode allows more and less
current to flow so that the plate current variations will be a duplicate of
the applied signal voltage.

THIS$——————>
o > +THIS

COMBINATION OF DC BIAS
AND AC Signal Voltage

-4
-10

l ) DR . A




THE TRIODE AMPLIFIER

Grid Bias Voltage (continued)

Let us consider the following example which will illustrate the points just
made. Suppose a 6C5 triode is connected in a circuit with -4V bias volt-
age applied to the grid and +200V applied to the plate. With no signal ap-
plied, the plate current will be a steady 11 ma. This can be seen by re-
ferring to the Eg-Ip curve.

When an AC signal of 2V is applied to the grid, the positive half cycle will
subtract 2V from the bias causing the grid to cathode voltage to change
from -4V to -2V. The negative half cycle will add to the bias and cause
the grid to cathode voltage to change from -4V to -6V. You can see that
the grid to cathode voltage is varying from -2V to -6V around the -4V bias.

The plate current depends on the amount of negative voltage between grid
and cathode. This negative voltage is now varying in the same manner as
the applied signal. Therefore, the plate current will vary in accordance

with the applied signal.

When the grid voltage varies so that the plate current varies in accord-
ance with the applied AC signal, the amplifier is called "*Class A, " and is
operating on the linear portion of the Eg-Ip curve. You will learn more
about the classes of operation a little later.

LINEAR OPERATION ON
THE Eg-Ip CURVE

Bias = -4V

Grid Voltage

Zero signal
Ip = 11 ma.

Plate Currént




THE TRIODE AMPLIFIER

Why Proper Bias Is Necessary

To obtain an amplified output voltage at the plate we must use the plate
current variation. In the example on the previous sheet, a 5 ma. AC
component was produced in the plate circuit by applying a 2V AC signal to
the grid.

Suppose we look at the plate circuit of the triode. If an 8,000 ohm plate
load resistor (Ry) is used, the steady or zero-signal plate current of 11
ma. will produce a DC voltage drop across theloadof Ex IxR = .011 x
8000 = 88V. The DC plate voltage is 200V and the total DC voltage (B+)
is the sum of the load voltage and plate voltage or 288V.

t———288V———7
\ /
\ /

\ /
B-\ ‘Power ¥ B+

----- I =
-w
v

On the next sheet you will see how the load voltage and the plate voltage
change when the signal is applied to the grid.
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THE TRIODE AMPLIFIER

Why Proper Bias Is Necessary (continued)

When the signal is applied to the grid, the plate current increases to 16
ma. (5 ma. increase) and decreases to 6 ma. (5 ma. decrease). When
16 ma. flows through the load, the voltage drop across the load will be
E=IxR=.016 x 8000 = 128V, an increase of 40V (128 -88 = 40V). This
will make the plate voltage decrease 40V since the total voltage must
always add up to the B+ voltage of 288V. Therefore, the plate voltage will
decrease from 200V to 160V. (Note: 160V + 128V = 288V)

When the plate current decreases to 6 ma. the voltage drop across the
load will be E = I x R =. 006 x 8000 = 48V, a 40V decrease from its steady
value of 88V. Since the total voltage must still be up to 288V, the plate
voltage will increase from its steady 200V to 240V. (Note: 240V + 48V =
288V).

You can see from the illustration below that the 5 ma. AC component of
plate current produces a 40 volt variation across the plate load resistor
and an equal and opposite variation in plate voltage. Since a 2V AC signal
on the grid initially produced the plate current variation, the 40V signai at
the plate is an amplified version of the grid signal.

A 2V signal on the grid has produced a 40V signal at the plate which means
that we have amplified the signal 20 times. Note that this amplified signal
at the plate is 180 degrees out of phase with the signal on the grid.

You will see on the next sheet that the correct bias is necessary if the
plate current variation and likewise the plate voltage variation is to be an
exact duplicate of the grid signal.

Plate voltage variation
+240

- output signal

\TAGE
o0 VO are C““
VARY

Load voltage variation Plate

+128 Current e 22N\ __ 1 __ .

4
ov Steady
+88fF——---Xx~———- t- load
l0v voltage

]
LOAD

ND
| magidion:

+48




THE TRIODE AMPLIFIER

Why Proper Bias Is Necessary (continued)

Notice that although the signal itself was positive during one half cycle,

the grid to cathode voltage was never positive—it just became more nega-
tive or less negative. The bias point for this amplifier was selected so
that it fell in the center of the straight-line or linear portion of the Eg-Ip
curve. Operation on the linear portion is essential if the output wave form
is to have the same shape as the input wave form. Operating at incorrect
bias voltages will produce distortion of one form or another. I too much
bias is used, (making the grid voltage more negative) the signal will drive
the tube into cut-off during the negative half cycle and produce a distorted
plate current variation. If too little bias is used, the signal will drive
the grid positive during the positive half cycle. This will cause the grid to
take some electrons from the cathode that would normally have gone to the
plate. Again the result is a distorted plate current variation. These con-
ditions are iltustrated below.

Distortion will result with the correct bias voltage if the input signal is too
large. The large signal will drive the grid into both the positive and the
cut-off regions—producing distortion.

You can now see that proper bias is necessary if the plate current varia-
tion is to look exactly like the grid signal variation. If the amplifier tube
is biased in the center of the linear portion of the Eg-Ip curve and the tube
is not overdriven (excessive signal), very little distortion will result. In-
correct bias will result in a distorted output signal.

I Ip ma.
L "
16 Distortion due
14 ! to grid becoming
Distortion due positive

12| to non-linearity
of Eg-Ip curve

[
[+ ]

[y
»

N — —-—
\
fu

—t
[

\ < S I S

16-14-12-10-8 -6 -4

[y
[ ]

Eg volts

Eg &I'olts i ] 10
b Distortion due —+18
' V | | to tube cut-off -4-4-4g |-——-M—
! | H
H H
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THE TRIODE AMPLIFIER

Classes of Amplifiers

The class of an amplifier is determined by its point of operation on the
Eg-Ip curve. There are three major classes of amplifiers—Class A, B
and C., Class A amplifiers are biased to operate in the center of the
linear portion of the Eg-Ip curve, The amplifier described in the previous
sheets is a Class A amplifier. Class B amplifiers are biased to operate
near cut-off and Class C amplifiers operate at a point where the bias volt-
age is equal to twice the cut-off voltage of the tube.

The figure below shows the bias voltages for the three different classes of
amplifiers. For this particular tube, the bias would be -2V for Class A
operation. Since Class B operates at cut-off, its bias voltage must be
-4V. For Class C operation, the bias must be -8V because a Class C am-
plifier operates at a bias equal to twice the cut-off value.

"OPERATION OF - Flat caused by

CLASS A B C

grid drawing
current

portion -6 n A B C
of curve

dao

|
m—
1
-
]
»—
T
ro-p---

w Current flowing

all the time

@ Current flows
half the time

No plate
current flowing

> <R e
SS
’///////////////////// \ half the time
Grid is
positive
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THE TRIODE AMPLIFIER

Classes of Amplifiers (continued)
The figure shown on the previous sheet is a comparison of the operating

characteristics of Class A, B, and C amplifiers. This is what you should
see from the illustration—

— [y

The signal is small. It is never large enough to drive the grid either
positive or beyond cut-off. Plate current flows during the complete
cycle of signal input. The plate current variation is an exact dupli-
cate of the grid signal.

The signal is larger than for Class A. The grid may be driven posi-
tive. The signal drives the grid beyond cut-off for approximately half
the input cycle. Only the positive half cycle of input appears in the
plate circuit. The total plate current change is much greater than the
change produced by Class A operation. Plate current flows for ap-
proximately half the complete cycle. Plate current is zero when no
gignal is put into the grid.

=

The applied signal is the largest of the three classes. The grid is
driven beyond cut-off and into the positive grid region. The plate cur-
rent variation is the largest of the three classes. The peak of the
current wave has a dip because the control grid is drawing current,
thereby reducing the amount of current available to the plate. Plate
current flows for less than half a cycle of input voltage. Without a
signal on the grid, no plate current flows. A large signal voltage is
necessary to drive the grid positive during each cycle. This class is
used only in RF (radio frequency) power amplifiers.

The Class A amplifier is used primarily as a voltage amplifier. Class B
and Class C amplifiers are used as power amplifiers and are designed to
deliver high currents.

There are combinations of Clags A and Class B amplifiers and these are
called Class ABy and AB9. Class AB{ amplifiers are biased to a point
slightly more negative than Class A amplifiers. Class ABy amplifiers are
biased to a point slightly less negative than that of Class B. These classes
of operation are actually compromises between Class A and Class B.
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THE TRIODE AMPLIFIER

Battery Bias

Battery bias was chosen for the first illustration of bias because it is the
easiest to understand. In actual practice, you will find it used only in the
laboratory or for experimental work. The battery type is reliable and ef-
ficient, but the size and weight of batteries make it difficuit to use in
most equipment.

Whenever batteries are used as a source of bias voltage, it is desirable
to use a combination of cells in series that add up to the required voltage.
With this arrangement, it is not necessary to use regulating devices, such
as potentiometers, which draw current from the battery and gradually
consume its power. Most bias or "C" batteries are made in multiples of
4-1/2 volts—4-1/2, 9, 18 volts and higher. These batteries are tapped
for intermediate voltages. The negative terminal of the battery is con-
nected to the grid through the resistor Rg, the positive terminal is con-
nected to the cathode. This makes the grid negative with respect to the
cathode.

Ry,

HCII battery -

_Li B+
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THE TRIODE AMPLIFIER

Power Supply Bias

Rectifier power supplies replace '"B' batteries in the plate circuit and also
are used to replace the "C" batteries. In large equipment, such as some
transmitters, a separate bias power supply is used. It may be a generator,
a half-wave rectifier or a full-wave rectifier. The positive side of the
power supply is connected to the cathode and the negative side is connected
to the grid, just as is done with a "C" battery. In the illustration below,
the positive terminal of the bleeder resistor is connected to ground and the
negative terminal is connected to the grid through Ry. Since the cathode is
grounded, the grid is negative with respect to the cathode.

o}
-]
AAAAAAA
YWYVvyy

117V

AC
line e +

T T ™ Bleeder Resistor

AAAAAAA
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THE TRIODE AMPLIFIER

B+ Power Supply Bias

A negative and a positive voltage with respect to ground can be obtained
from the same power supply. This is done by connecting two resistors in
series across the power supply and grounding the junction of these re-
sistors. A single tapped bleeder resistor can be used in place of the two
resistors in series. The resistance to ground from the negative terminal
is much smaller than the resistance from the positive terminal to ground.
Therefore, the voltage across the positive portion of the bleeder will be
greater than that across the negative portion. In other words, this circuit
provides a large positive voltage with respect to ground which is used as
the B+ plate supply voltage, and a small negative voltage with respect to
ground which is used as grid bias voltage. The cathode is connected to
ground, the plate is connected to the positive terminal of the bleeder
through Ry,, and the grid is connected to the negative terminal of the
bleeder through R,. Therefore, the grid is made negative and the plate
is made positive, with respect to the cathode.

egative Bias AnD
- Posctive Plate Voltage

FROM THE SAME POWER SUPPLY

AAAAAAA
LAAAAALS

sas0v ‘
10101010

27

(5]
<
AAAAAAA
v§v
o
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THE TRIODE AMPLIFIER

Cathode Bias

Of all bias systems, cathode bias is the most widely used. Cathode bias
is obtained by connecting a resistor in series with the tube from B- or
ground to the cathode.

In order to understand how this system works, it will be necessary for you
to recall three points

1. If current flows through a resistor an IR drop will be produced.

2. The end of the resistor toward which the current is flowing is the most
positive (+).

3. The purpose of bias is to keep the grid negative with respect to the
cathode.

Look at the illustration below. Notice that a resistor (R; ) has been placed
in the cathode circuit of the vacuum tube, between catho&‘e and ground. All
the current that flows through the tube must flow up from B- through the
cathode resistor. This produces an IR drop across the cathode resistor,
making the cathode positive with respect to ground. Since the grid is con-
nected to ground through R, and ground is negative with respect to the
cathode, the grid is also negative with respect to the cathode.

Grid and ground
negative with
respect to cathode.

Cathode positive
with respect
to ground.




THE TRIODE AMPLIFIER

Cathode Resistor

Determining the size of the cathode resistor (Ry) is merely an arithmetic
problem. Suppose that a tube requires a bias of -6 volts for proper oper-
ation and a plate current of 4 ma. flows with this bias. The 6-volt bias is
produced by 4 ma. flowing through the cathode resistor. Using Ohm's law—

E 6
Ry = 1= 004° 1500 ohms

To determine the size of the cathode resistor for a triode, divide the re-

DETERMINING THE SIZE OF
THE CATHODE RESISTOR
FOR A TRIODE

o L




THE TRIODE AMPLIFIER

Cathode Resistor (continued)

In a triode, the only current that flows from the cathode of the tube is the
plate current. This is not the case in the tetrode or pentode. Tetrodes
and pentodes have a screen grid which has a positive voltage applied to it
and attracts electrons from the cathode. Since all the current that flows
through the tetrode and pentode must come from the cathode, the total
cathode current is:

PLATE CURRENT + SCREEN CURRENT = CATHODE CURRENT
If a pentode, for example, has a plate current (Ig) of 6 ma. and a screen

current (Igo) of 2 ma., the cathode current would be 8 ma. If the required
bias is 4 vglts, using Ohm's law the value of Ry can be calculated—

Ry = E = _4._.= 500 ohms
1 .008

You will learn more about the construction, use and operation of tetrodes
and pentodes in a later topic.

it e i e R R 4;{“ .

OF

TERMINING THE SIZE

DE? HE CATHODE RESISTOR
FOR A PENTODE
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THE TRIODE AMPLIFIER

Cathode Bypass Capacitor

A cathode bias resistor usually has a capacitor connected in parallel with
it. This capacitor is called a bypass capacitor and its purpose is to keep
the voltage across the cathode resistor at a constant value.

Suppose we look at the operation of a triode using cathode bias with no by-
pass capacitor. If a signal is applied to grid, the plate current will vary
in accordance with the signal. Since it is the plate current flow through
the cathode resistor that produces the bias, and this current flow varies,
the bias will also vary.

This varying bias reduces the signal voltage between grid and cathode. On
the next sheet you will see how this signal reduction occurs.

TRIODE AMPLIFIER WITH A

: CATHODE BYPASS CAPACITOR

hY

To signal
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THE TRIODE AMPLIFIER

Cathode Bypass Capacitor {continued)

In the illustration below, an AC signal with a peak amplitude of 6V is ap-
plied to the grid of the triode. The triode has a cathode bias voltage of
-8V with no signal applied. If the bias voltage remained constant, the sig-
nal would add to the bias during its negative half cycle, (8 + 6) = 14V neg-
ative, and it would subtract from the bias during the positive half cycle

(8 ~6) = 2V negative.

With the grid to cathode voltage varying between -14V and -2V, the plate
current will be minimum at -14V and maximum at -2V. In this case, as-
sume that the plate current variation produces a voltage variation of 2 volts
across the cathode resistor. Observe that the cathode voltage increases
(becomes more negative) when the plate current increases and therefore
the cathode bias voltage increases when the signal is reducing it (making

it less negative). The voltage variation across the cathode resistor is

180 degrees out of phase with the input signal so that the two voltages (sig-
nal and cathode voltage variation) subtract from one another to produce an
effective voltage variation of (6 -2) = 4 volts between grid and cathode.

THE EFFECT OF CATHODE
VOLTAGE VARIATION

Applied 7%}
signal Max. I,
= 6V at -2V
Zero
Signal
Cathode voltage MA 1
variation = 2V \/ P
0 7/
Resultant grid to Min. I
cathode variation at -14
= 6-2= 4V

Grid ‘ Cathode
Resultant Grid to Cathode Voltage
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THE TRIODE AMPLIFIER

Cathode Bypass Capacitor {continued)

In other words, the cathode voltage variations cancelled 2 volts of signal.
This effect is called degeneration. To eliminate the effect of degeneration,
a cathode bypass capacitor is placed in parallel with the cathode resistor.
If the proper capacitance is8 chosen, its capacitive reactancel(found by
using the formula you learned in Basic Electricity— X¢ = m) will be

about one tenth the size of the resistor. Since a capacitor will only pass

a continuously changing (AC) current, the steady (DC) component of cur-
rent flows through the resistor and the varying component of current flows
through the bypass capacitor. The resistor is virtually shorted out by the
low reactance of the capacitor when a current variation occurs. The only
current through the resistor is a steady one. Therefore, the voltage across
the resistor will remain constant when a signal is applied to the grid and

no signal cancellation will take place.

Here is an example of the method used to determine the size of the bypass
capacitor. Suppose you had the circuit shown below.

1

10 °

5 % 4000 = 400
Since X, = -z-;}f—é, the capacity of the bypass condenser can be found by
using the formula C = ‘h_lff , where f i3 the lowest frequency signal to be
amplified. Suppose f i8 60 ?:ps and X, is 40022as shown above, then C
will be— 1 ~ 6.6 mid.

6.28 x 60 x 400

Since capacitors are not made with a value of 8.6 mfd., a 10 mfd. ca-
pacitor would be used.
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THE TRIODE AMPLIFIER

Review of Triode Amplifier Operation

GRID BJAS — The amount of grid-bias
voltage determines whether an ampli-
fier is operating Class A, Class B or
Class C. In Class A the bias is less
than cut-off; in Class B bias is at or
near cut-off; in Class C bias is much
less than cut-off.

of curve

No plate

current flowing

B+ POWER SUPPLY BIAS — A single
power supply can be used to supply a

positive voltage for B+ and a negative
voltage for grid bias.

CATHODE BIAS — A cathode bias re-
sistor in parallel with a cathode by-
pass capacitor in the cathode circuit
provide the most widely used system
of biasing.

TRIODE AMPLIFIER OPERATION —
The variation in voltage output (plate
voltage) of a triode, used as an ampli-
fier, may be ten or more times larger
than the variation in the grid voltage
(AC signal).
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THE TETRODE AND THE PENTODE

The Screen Grid

In the tetrode a second grid is placed between the control grid and the
plate. Now there are two small capacitors in series between the plate and
the grid and, of course, the total grid-to-plate capacitance is reduced.
This second grid, called the ""screen grid, " has the effect of shielding the
plate from the first grid and allows the tetrode to be used at higher fre-
quencies than the triode could be used.

Normally, the screen grid has a high positive voltage and attracts elec-
trons from the space charge just as the plate did in the triode. However,
because the screen grid is a spirally-wound thin wire, most of the elec-
trons pass right through it and end up at the plate. The screen draws only
a little current.

TETRODE

r+te
sumpas

-.}.‘:

nys

CONTROL
GRID Two Capacitors In
Series—Total Capacity
Less Than Either One

The plate is usually kept at a higher voltage than the screen and the plate
circuit does not differ much from that which is used with triodes. In the
tetrode, however, the plate voltage has less effect on the tube current
than it did in the triode.
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THE TETRODE AND THE PENTODE

Secondary Emission in the Tetrode

In any tube-——diode, triode or tetrode—when one electron strikes the plate,
it knocks several electrons out. Known as "secondary emission, " this
happens because the electrons are hitting the plate at high speed which be-
comes ever greater as the plate voltage is raised.

In the triode, secondary emission is not important since the plate is the
most positive element in the tube and, therefore, attracts all the electrons
that have been knocked out of it. In the tetrode, however, some of these
secondary electrons (those which have been freed from the plate as a re-
sult of secondary emission) are attracted to the screen. Any flow of sec-
ondary electrons from the plate to the screen adds to the screen current
and subtracts from the plate current.

CONTROL
GRID -

Cutaway Section - - OF A TETRODE

The number of secondary electrons which do not return to the plate de~
pends upon the difference between the plate and the screen voltages. If

the plate voltage is much higher than the screen's, all the secondary elec-
trons will return to the plate and there will be no decrease in plate current.
If the plate voltage is much lower than the screen's, fewer secondary elec-
trons will be emitted, but all of these will be attracted to the screen.
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THE TETRODE AND THE PENTODE

Static Characteristics of the Tetrode

The tetrode is rarely used today, and you are being told about this tube
only because it ig a "stepping stone" between the triode and the pentode.
If static characteristics of a tetrode were taken with varying plate voltage
but constant control and screen grid voltages, you would get a curve re-
sembling the one in the diagram.

4B+

7 ~
Fixed Varying
screen plate
grid voltages
voltage\
— ——

v v

Notice that at high plate voltages above 300V, the plate current does not
change when the plate voltage is increased. This is because the screen
shields the plate from the space charge at the cathode which causes the
screen to exert a greater control over plate current than the plate itself.

At about 100 volts, an increase in plate voltage causes a decrease in plate
current because more electrons are knocked out of the plate by secondary
emission. As long as the plate voltage is below the screen voltage, almost
all the secondary electrons go to the screen.

Screen Voltage

20 L .
92} e
& " Grid Voltage = -5V
=
g 1
2
& S

0 100 200 300 400 500 600

Plate Voltage
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THE TETRODE AND THE PENTODE

Normal Operation of the Tetrode

Cathode bias in the tetrode is obtained in the same way as in the triode,
except that in the tetrode the current flowing through the cathode resistor
is the sum of the screen and plate currents.

The control grid voltage varies according to the input signal and produces
variations in the plate current. Therefore the plate current the screen
grid current vary with the control grid voltage. Screen grid voltage vari-
ation is prevented by connecting a screen bypass capacitor to ground.
This keeps the screen at a fixed DC level and the tube current will be
varied only by varying the control grid voltage.

?—0
Output
=\
R T
p—
AC X x
Input | !
—-——
= v - B+

- v v
With AC on the control grid of the tube, the plate voltage will vary because
of the drop in the load resistor just as in the triode. When the tetrode is
used for getting large amplifications, the plate voltage varies over a wide
range and, if it drops below the screen grid voltage, secondary emission
effects cause distortion in the output.

To prevent this, the plate voltage would have to be very large to keep the
plate at a higher potential than the screen regardless of the amount of
voltage variation at the plate.

This—the requirement of an abnormally high
B+—is the main disadvantage of using a tet-

rode. You will see how the pentode over-
comes this disadvantage.

DISTORTED OUTPUT OF
TETRODE WITH "LOW"
PLATE VOLTAGE SUPPLY
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THE TETRODE AND THE PENTODE

Eliminating the Effects of Secondary Emission

You have seen that the main disadvantage of the tetrode is the need for a
high plate voltage to prevent distortion in its output due to the effect of
secondary emission.

The pentode is designed to overcome this undesirable feature of the tetrode
by eliminating the flow of secondary electrons between the plate and the
screen grid. This is accomplished by the inclusion of a third grid, the
suppressor grid, between the plate and the screen grid.

SUPPRESSOR SECONDARY
ELECTRONS

CONTROL SCREEN
GRID - GRID +

Cutaway Section - - OF A PENTODE

The suppressor gridis usually kept at cathode potential so that it is always
very negative with respect to the plate. Therefore, any electron that is in
the region between the suppressor and the plate (such as a secondary elec-
tron) is attracted back to the plate and prevented from getting through the
suppressor to the screen. As a result of this arrangement, secondary
emission does not affect the operation of the pentode.
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THE TETRODE AND THE PENTODE

How the Pentode Works

You remember that in a triode a decrease of the negative grid voltage pro-
duced an increase in the current and a decrease in the plate voltage. The
plate voltage change was more than the change in grid voltage. We called
the ratio of plate voltage change to grid voltage change "amplification."

You remember too that the plate voltage in a triode also affects the current
flow. The decrease in plate voltage has a tendency to decrease the current.
The grid is trying to increase the current. It is clear, then, that the de-
crease in plate voltage is opposing the effect of the grid voltage decrease.

H the grid has 20 times as much control of the current as the plate has, the
limit of amplification would be 20. When such an amplification is reached,
the plate voltage changes would he 20 times as large as the grid voltage
changes and, theoretically, there would be no change in the current. Thus
the amplification is limited by the fact that the plate has gsome effect on the
current.

In a pentode, neither the suppressor nor the plate voltage affect the amount
of current drawn from the space charge surrounding the cathode since the
screen grid shields both of these elements from the cathode. As in the
tetrode, the pentode’'s screen voltage is fixed at some positive value and,
therefore, only the variations of control grid voltage cause changes in
plate current.

1. When grid 2. Plate voltage 4. Plate voltage
voltage in- decreases and decreases, but
creases, current tends to decrease does not tend to

increases current decrease current

3. When grid
voltage in-

creases, current

increases

TRIODE | PENTODE
yields omaller amplification yielde larger amplification

In the pentode the plate voltage can vary considerably with almost no effect
on the current and, therefore, with no cancellation of the grid's control of
the plate current. As a result, the amplification of a pentode 18 many
times greater than that of a triode.
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THE TETRODE AND THE PENTODE
A Typical Pentode Tube

THE CONSTRUCTION OF A TYPICAL

Anode or Plate Anode or Plate

Control Grid

Screen Grid

Suppressor Grid

Suppressor
Cathode Grid

Heater

Wiring connections
to the base Screen Grid

Control Grid

Cathode

Heater
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THE TETRODE AND THE PENTODE

The Beam Power Tube

You have learned from your study of the pentode that the suppressor grid
reduces the effects of secondary emission. Instead of using the suppressor
grid to control secondary emission from the plate, the same effect can be
obtained by arranging the tube elements in such a way as to produce a neg-
ative charge near the plate. The action of this space charge is to repel any
secondary emitted electrons back to the plate just as the suppressor does
in the pentode.

The figure below shows the internal structure of a typical beam power tube
such as the 6L6, 50L6, 6V6 and others. You see that this tube has a cath-
ode, control grid, screen grid and two new parts—the beam-forming plates
which are connected to the cathode. Each beam-forming plate extends
about one-fourth the distance around the grids of the tube and prevents any
electrons from reaching the plate except through the openings between the
beam-forming plates. This tends to concentrate the electron stream into
a small area and thereby form an electron beam.

The openings in the grids are arranged in such a way that the electrons
pass between the grid wires in layers or sheets. After passing the screen
grid, these electrons combine to form a concentration of electrons, or
space charge, near the plate. It is this space charge that does the same
job as the suppressor in the pentode.

The beam power tube has an advantage over the pentode in that a greater
power output can be obtained for a given amount of cathode emission.

Forming
X Plates
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THE TETRODE AND THE PENTODE
The Beam Power Tube (continued)

Anode or Plate

Control Grid

Screen Grid

Beam-Forming
Plate

Beam-Formi
Cathode g

Heater

Wiring connections
7 to the base Screen Grid
Control Grid e §
i
Cathode _
b“&
Heater -~
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THE TETRODE AND THE PENTODE

Summary of Pentode Operation

Screen Voltage

4 A 4
2 3 Grid Voltage = -3V ™|
; /
5
O 2
3
o

1

0 50 100 150 200 250 300

Plate Voltage

Curve No. 1: Over a wide range of plate voltages, the pentode plate current
does not vary. But this is not saturation; in the next curve you will see that
it is possible to draw more current than this. The reason the current
doesn't vary over this range of values is that the screen shields the plate
from the cathode's space charge.

At low plate voltages, however, the plate current does vary. Although the
total tube current remains the same, many more electrons are attracted
to the screen, which is now more positive than the plate is.

12

“

10 A
Curve No. 2: Here, you see that /
the control grid in a pentode ‘
controls current in the same
way as it did in a triode. Nor-

mal grid bias for this particu-
lar pentode is about -3 volts.

Plate Current

The fact that the current rises
considerably above 3 ma. in
this test shows that 3 ma. is not
the limit of cathode emission.
Therefore, the flattened portion
you saw in the first curve could
not have been saturation.

8 6 4 -3 -2 0

Ee=——————— Grid Voltage
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THE TETRODE AND THE PENTODE

Summary of Pentode Operation (continued)

Curves No. 3 and 4: With the same value of load resistor in each, you can
obtain larger amplifications with the pentode than with the triode.

400
Compare the
Pentode Changes in
300 = Plate Volts
g T,
'S Triode
> 200 N\
3
Ko
a7
100
0

Grid Volts

With a larger load resistor in the pentode circuit, larger amplification is
obtained. This happens because the grid voltage, and only the grid voltage,
can produce a change of current. This current will flow through the load
resistor —the larger the resistor, the larger the voltage change.

400
|1

Pentode with 10K Compare ghe
Changes in

l ~ Plate Voits

{
200 | Pentode with 33K

il

g

Plate Volts

0
-20 -15 -10 -5
Grid Volts
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THE TETRODE AND THE PENTODE

Review of Tetrodes and Pentodes

THE TETRODE — A tube having a
screen grid to reduce plate-to-control
grid capacitance. It is rarely used to-
day, but was a step in the development
of the pentode.

THE PENTODE — A tube which uses
a suppressor grid between the gcreen
grid and plate to reduce the effect of
secondary emission. It has greater
amplification than the triode.

THE BEAM POWER TUBE — Tube
using beam-forming plates instead of
the suppressor to reduce the effects

of secondary emission. Its power out-
put is8 greater, for a given amount of
cathode emission, than that of a pentode.

PENTODE CIRCUIT — A circuit pro-
viding proper operating voltages for
control grid, screen grid and sup-
pressor grid.
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THE SINGLE -STAGE AMPLIFIER

A Typical Amplifier Stage

You are already familiar with the purposes of most of the components that
will be used in this amplifier circuit. The 1-meg. resistor in the grid cir-
cuit is there to prevent any negative charge from accumulating on the grid.
The 12K resistor and the 25-mfd. capacitor in the cathode circuit are the
bias components. The 270K resistor in the plate circuit is the load re-
sistor. The .01-mfd. capacitor and the 1-meg. resistor will be the RC
coupling to the next stage of amplification.

.01 MFD
1

INPUT oUTPUT
§CS o

210K

AAAAAAA
YYYYVYYy

1MEG

25MFD
1 MEG 12K

TYPICAL

AAAAAAA

AMPLIFIER
STAGE

L]

v
B+ -

The circuit shown below has two additional components. You will notice
that the plate load resistor is connected toB+through a 25K resistor. This
resistor and the 8-mfd. capacitor make up a special filter circuit called
a decoupling filter. If some form of undesired coupling exists between the
various circuits of a multistage amplifier, we say that we have feedback.
This feedback causes the amplifier to generate a low frequency audio sig-
nal which sounds like a motorboat when heard from the loudspeaker. It is
the job of the decoupling filter to eliminate the feedback and the resultant
motorboating.

Typical Amplifier Stage with JECOUPLING FILTE
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THE SINGLE-STAGE AMPLIFIER

The Decoupling Filter

Coupling may exist between circuits operating at the same frequency and
having common impedance. If an amplifier contains several stagesof am-
plification, all those stages will be supplied with plate voltage from a
single source of DC power. The plate currents of all the amplifier tubes
must flow through this power supply. Therefore, the internal resistance
of the power supply (produced by the choke wire, internal tube resistance,
etc.), will act as a common impedance for all the amplifier circuits.

When a signal is applied to the amplifier,the plate currentsof all the tubes
will vary in accordance with the signal. In addition to the DC flowing
through the common power supply, we now have the AC components of
all the plate currents flowing through the common impedance. Some of
these currents will be in phase with each other and some will be 180 de-
grees out of phase, It is the currents which are in phase that cause the

most trouble.

The in-phase currents add to one another and produce voltage variations
across the common impedance which "feeds back" the variations from one
stage to another. The overall effect of this is a sound in the loudspeaker
which resembles the purring of an outboard motor. That is why this trou-
ble in an amplifier is called "motorboating."

On the next sheet you will see how the decoupling filter eliminates feed-
back and motorboating.

FEEDBACK IN A THREE STAGE AMPLIFIER

Plate ~ Plate " Plate
current i\ current

X
b
\
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Common Impedance/
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THE SINGLE-STAGE AMPLIFIER

The Decoupling Filter (continued)

If the AC components of plate current could be kept from flowing through
the common impedance of the power supply, then the feedback that origin-
ates there would be eliminated. The decoupling filter's job is to provide
a path of low reactance around the power supply and a path of high resist-
ance to AC current flow through the power supply. Because of this very
little AC current will flow through the power supply and its common im-
pedance, thereby eliminating feedback.

The value of the decoupling capacitor must be high enough so that its re-
actance is much less than the total resistance of the decoupling resistor
and the common impedance of the power supply. In an amplifier of the

type shown, the value of the decoupling resistor is generally about one fifth
the value of the plate load resistor Ry,. The value of the decoupling capaci-
tor varies from about 0.25 to 8 mfd.

The action of the decoupling filter is to isolate each stage from the power
supply common impedance. The way the filter does this is shown below.

3%0«7&&4? 7(,&?024, ISOLATE AMPLIFIER

STAGES AND ELIMINATE FEEDBACK
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THE TWO-STAGE RC COUPLED AMPLIFIER

How to Increase Gain

If you need a voltage gain of 200 or less in an amplifier, one tube would be
enough. However, very often a gain of 10,000 or 100,000 or even higher is
required, and there is no way to make a single vacuum tube give you that
much amplification. In order to increase the amplification, several tubes
are needed.

These tubes are connected so that the voltage change from the plate of one
amplifier tube is fed intothe grid of a second tube; the voltage change from
the plate of the second tube is fed into the grid of a third tube and so forth.
If the amplification of each tube is 50, the signal input to the second tube
will be 50 times greater than the signal fed into the first. The output of the
second tube will be 50 times greater than its input or 2,500 times greater
than the original signal. The third tube will amplify the output of the second
tube 50 times so that its output is 50 x 2,500 times larger than the input to
the first tube. Thus, the amplifier using three tubes, each with a gain of 50,
has an overall gain of 125,000!

50 x 50 x 50 = 125,000

If the voltage change applied to the input of this amplifier is oneten-
thousandth of a volt, the voltage change on the plate of the third tube will
be twelve and a half volts.

=)

ﬂ

)
Amplifier Amplifier Amplifier
NO. 1 NO. 2 NO. 3
X 50 X 50 X 50

¢ OUTPUT

12 1/2
VOLTS

Since nearly all amplifiers require more amplification (gain) than can be
achieved with only one tube, multi-stage amplifiers of this type are very
common in all types of electronic equipment.
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THE TWO-STAGE RC COUPLED AMPLIFIER

Coupling of Amplifier Stages

When several tubes are used in an amplifier, each tube together with its
circuit is called a "stage" of amplification. There are several methods of
connecting the output of one stage to the input of the next stage. You re-
member that the output of an amplifier tube is taken from the plate and the
input is placed on the grid. Since the DC operating voltages of a plate and
of a grid are so very different,a simple wire leading from one plate to the
next grid cannot be used. The connection (or "coupling” as it ismore com~
monly called) between two stages must, in some way, prevent the DC plate
voltage from getting to the next grid. At the same time, the coupling must
permit the plate voltage variations—AC-—to become the input of the
next stage.

There are two very common and very simple ways of doing this. One way
is by using a transformer, the other by using a capacitor and a resistor.

Transformer coupling is accomplished by connecting the primary winding
between the plate of the first tube and B+, and the secondary winding be-
tween the grid of the second tube and ground. By so doing, the B+ voltage
is isolated in the plate circuit while only the AC is transferred to the grid.

B+
TRANSFORMER COUPLING

The use of the capacitor in coupling circuits is very widespread, the most
common circuit being the RC (or resistance-capacitor) circuit, In your
study of vacuum tubes, you learned that current variations in the load re-
sistor cause the voltage at the plate to vary above and below a steady
value. The coupling capacitor will charge to that steady voltage and, as
the plate voltage rises above and falls below that value, the capacitor will
charge and discharge slightly, causing an AC current to flow in thegridre-
sistor. The voltage across the grid resistor therefore is AC and is the
input to the next stage.

ﬁ Coupling Capacitor

Plate
Load
Resistor
B+ S Grid
Resistor
RC COUPLING
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THE TWO-STAGE RC COUPLED AMPLIFIER

Characteristics of the Two-Stage Amplifier

The two-stage amplifier can be compared to two step-up transformers
with the secondary of one connected to the primary of the other. For ex-
ample, if two transformers which have a step-up ratio of 1 to 3 are con-
nected in this manner, an AC voltage applied to the primary of the first
transformer would be amplified 9 times by the combination. This example
is illustrated below.

OBTAINING VOLTAGE AMPLIFICATION
WITH A TRANSFORMER AND VACUUM AMPLIFIER

» 1to9 ¢i

1to3 1to3

o D 3}rvA ! v 3}/ {v

24

You may conclude from this that it would be a good idea to forget all about
using vacuum tubes as amplifiers and use transformers instead. This is
not possible because transformers with very high stepup ratios would have
to be used if they were to deliver a high amplification. Transformers of
this type are impractical and even if they were used would not amplify all
the audio frequencies the same amount. The higher audio frequencies
(around 10,000 cycles) and the lower audio frequencies (around 100 cycles)
would not be amplified as much as the middle frequencies. This would re-
sult in a signal output that is not a true representation of the original sig-
nal applied to the transformers.

Amplifiers using vacuum tubes can deliver much higher amounts of ampli-

fication, are lighter in weight, less costly and take up less space. On the

next sheet you will see how a multistage vacuum tube amplifier compares
to the transformer combination explained here.
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THE TWO-STAGE RC COUPLED AMPLIFIER

Characteristics of the Two-Stage Amplifier (continued)

When the output of one amplifier is fed to the input of another,the two am-
plifiers are said to be connected in cascade. An amplifier arrangement of
this type is shown below.

VOLTAGE o ~—
AMPLIFICATION J/ v
IN A TWO-STAGE > A
AMPLIFIER \
—
I B+ £ v B+ ¥

Suppose each amplifier stage can deliver an amplification of 20. If a 0.1
volt AC signal is applied to the grid of the first stage, the output of this
stage will be 20 x 0.1 = 2V. Since the output of the first stage is connected
to the input of the next stage there will be 2 volts AC on the grid of the
second stage. The second stage amplifies the signal 20 times and pro-
duces an output voltage of 20 x 2 = 40V.

The overall amplification of the two stages is the product of the individual
amplifications, that is, the gain of the first stage x the gain of the second
stage. In this case the overall amplification is 20 x 20 = 400. You can
check this by multiplying the input voltage of 0.1 volts by the overall am-
plification. The result will be the output voltage (400 x 0.1 = 40V).

If another stage is added to the output of the two-stage amplifier, 40 volts
would be applied to its grid. In most cases, this signal would be too large
for the tube to handle. The result is that the grid would be driven into the
positive region and the cut-off region, and distortion produced. A poten-
tiometer in the grid circuit of one of the amplifier tubes could be usedto
reduce the output signal so that the following stages would not be over-
driven. This potentiometer is commonly referred to as the volume control.

VOLUME CONTROL IN A
TWO-STAGE AMPLIFIER

controls output

I Potentiometer

B+ = v B+
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THE TWO-STAGE RC COUPLED AMPLIFIER

Frequency Response

Frequency response is a term applied to describe the effect in which some
frequencies are amplified more than others. In actual practice, all ampli-
fiers have a range over which they are designed to operate; above and be~
low this range the signal output drops off rapidly. I an audlo amplifier
cannot amplify all the frequencies of the human voice by an equal amount,
there is a loss of voice quality.

Range of Good
FREQUENCY N Radio Sets
RANGES—
Range of "Tinny"
Radio Sets >
Piccolo
T T T T T - )
Trumpet
|
MUSICAL J Bass Tuba
INSTRUMENTS .
Violin
i
. Cello
Soprano
e T | — e —— I
Alto
1t
HUMAN D Tenor
VOICE I
Barxtone
LA
L Bass
g ' g i 8 ] g

It is possible for this frequency distortion to be so great that the voice
message cannot be understood. For this reason you should learn to meas-
ure the frequency response of your amplifier and see how good it actually
is. A modern commercial amplifier designed for music amplification will
have an equal gain from 30 - 15,000 cycles. A range as wide as thisis
hardly necessary for good amplification of voice signals.
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THE TWO-STAGE RC COUPLED AMPLIFIER

Frequency Response (continued)

Even though the RC~-coupled amplifier is well suited for the job of ampli-
fying a wide range of frequencies, there are still causes for a drop in gain
at high and low frequencies. Let's take a quick look at these causes:

At low frequencies the coupling capacitor and the grid resistor make up a
voltage divider across the signal voltage input. As a result, only part of
the signal gets to the grid of the amplifier tube. Just how much of the
signal gets to the grid depends upon the reactance of the coupling capaci-
tor as compared to the resistance of the grid resistor.

COUPLING -T-
CAPACITOR
GRID
RESISTOR
B+

Due to the fact that capacxtive'reactance Xc = Ef_C) grows larger as fre-

quency decreases, the amount of signal voltage lost across the capacitor
increases at low frequencies. You can see that the signal voltage across
the grid resistor becomes less and less as the frequency decreases. To
reduce this loss of signal, the reactance of the coupling capacitor should
be small with respect to the grid resistor at the lowest frequency to be
amplified. This means that either the grid resistor or the coupling capac-
itor should be as large as possible. (If C increases, X, decreases.)

However, if the coupling capacitor is made too large, there will be in-
creased leakage through it from B+, This leakage will place a positive
voltage on the grid and thereby disturb the amplifier operation. Luckily,
we never need coupling capacitors that are so large that leakage be-
comes a problem. In fact, because of size and weight considerations, it
is common to use a smaller coupling capacitor than is needed. Thus, low
frequency response is sacrificed slightly so as not to bring about more
serious problems., At high frequencies the coupling capacitor is no
longer a cause of trouble, since its reactance is low compared to the grid

leak resistor.
WITH 10 VOLTS INPUT

Reactance i About Reactance l
Large 2 volts | Low

About About
8 volis 10 volts

LOW FREQUENCY MEDIUM FREQUENCY
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THE TWO-STAGE RC COUPLED AMPLIFIER

Frequency Response (continued)

At high frequencies, too, there is an effect that causes a loss of amplifi-
cation. This loss is due to total stray capacitance that exists between the
grid and ground. This total capacitance consists of the plate-to-cathode
interelectrode capacitance of the tube from which the signal is taken, the
grid-to-cathode capacitance of the tube to which the signal is brought, and
the stray capacitances between the signal-carrying wires and the chassis.

Grid-To- T S A
Plate | ;
Capacitance .-

O I H -i-
i .?.
sdw :
T !
/ A i
Total Stray Grid-To- Plate-to- B+
Wiring Cathode Cathode
Capacitance ¥ ¥ |Capacitance [Capacitance

-
L2

The effect of this total capacitance is to shunt the grid leak resistor. At
low and medium frequencies the reactance of this small capacitance is
high and therefore it does not disturb the operation of the circuit. At high
frequencies, the reactance drops and effectively decreases the impedance
between grid and ground., The signal appearing between grid and ground
decreases as the impedance between grid and ground decreases.

Thus, the gain at high frequencies is less than at medium frequencies be-
cause of the shunting effects of the total stray and interelectrode capaci-
tances. It is important to note that a low gain in itself is not bad; if the
same gain existed for all frequencies, there would be no problem. Diffi-
culties with frequency response are encountered only when there are un-
equal gains at different frequencies.

WITH 10 VOLTS INPUT

10 