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INTRODUCTION

The RADIO ELECTRONIC HANDBOOK is a development
of the Radio Data Book upon which preparation was begun
in 1943. The book was developed as a direct result of the
needs of an electronic engineering company engaged in a
new science of publishing and education. This group was
Boland & Boyce, an industrial engineering organization de-
voted to the preparation of electronic technical manuals for
the armed services.

The gigantic task of furnishing electronic knowledge and
techniques to men in the services in simple easy to under-
stand, properly organized and illustrated form created the
need for a basic manual—providing a reference source for
information on circuits, tubes, theory, basic circuits, etc.

It was found that no such manual existed and over 300 sep-
arate texts had to be consulted constantly—this lack of cen-
tralized and concentrated information caused considerable ex-
pense and loss of time. For example information on the
vacuum tubes used in a typical radar set, required reference
to 4 separate vacuum tube manuals. In many cases the Sig-
nal Corps required that each basic circuit of a system be
illustrated and described separately. It was found that no
reference text, up to that time, contained descriptions of all
the basic circuits and so each time a manual was prepared
a complete development of this information was necessary.

It was decided that it would be highly desirable to create
a single handbook-style volume containing the majority of
this knowledge, convenient for use on the board, the bench,
the desk or in the field.

The book had immediate acclaim and the sale of its first
printing rapidly exhausted the supply. We received thou-
sands of constructive criticisms from our readers and from
these the new edition was planned.

The original edition started with the basic circuits discus-
sion. Many readers requested that a briefing on fundamentalis
be added. They pointed out that no matter how far advanced
one might be in electronics coverage of fundamentals and
components would be helpful for reference purposes.—This
was added.

In the original edition all discussion of systems and equip-
ment was purposely omitted as it has thorough coverage in
other good texts. However, it again seemed that condensed
reference on these subjects was desirable.

Many suggestions indicated that the tube section should be
charted to conserve valuable space and that cathode-ray,
regulator and control tubes should be added.—This was done.
Many other little features have been added such as complete
R G cable listings, V T number chart, and J A N nomencla-
ture systems explanation.

The authors will appreciate receiving suggestions from
readers for incorporation in future editions.

W. F. BOYCE
J. J. ROCHE
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Section 1

FUNDAMENTALS

1. All matter is electrical in nature. For proof of this
statement consider the molecular structure of matter. Any
substance, iron, steel, water, wood, trees, rubber, etc., is com-
posed of a vast number of tiny particles known as molecules.
A molecule is the smallest part into which a substance may
be divided and still retain its original properties. If a mole-
cule is divided further, the particles which make up the mole-
cule will not be identifiable as the original substance. For
instance, if a molecule of water is divided, two other sub-
stances will be found, namely hydrogen and oxygen. The
hydrogen and oxygen particles, which combined form the
water molecule, are known as atoms. There are ninety odd
known elements, or kinds of atoms, which in various com-
binations produce the molecular pattern of all the substances
known to man.

‘The atom is composed of two parts, a nucleus, containing
neutrons and protons, and a number of electrons which re-
volve uround the nucleus. The protons are positively charged
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Fig. 1.—The Atom.

and the electrons are negatively charged. The neutrons have
no electrical charge. It is the electron which is of prime
interest in the discussion of radio-electronic circuits.

2. Electrons.—Electrons are extremely small negatively
charged particles. All atoms are composed of a nucleus
and a number of electrons. See Fig. 1. The number of elec-
trons varies for the different atoms and depends upon the
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amount of positive charge of the nucleus. There is normally
a sufficient number of the negatively charged electrons in an
atom to balance the positive charge of the protons in its
nucleus. The electrons travel in orbits around the nucleus
in a manner similar to the way the earth travels around the
sun.

The number of electrons in the atoms of an element varies
somewhat, and consequently some atoms, of the same kind,
have more electrons thain others. Some of the electrons in
those atoms having more than an average number of elec-
trons are not firmly held, and at times are jarred loose from

) (@)
B8 g

Fig. 2.—Current flow in » conductor.

their orbits and out of the atom’s influence. This happens
when electrons collide as they travel through their irregular
orbits.

Electrons which have broken away from their atoms are
commonly referred to as “free” electrons. Only a small
minority of the electrons of an atom can ever break away
and become free.

3. Electrical Charges.—The electrons and protons of an
atom obey one of the basic laws of electricity; namely, UN-
LIKE CHARGES ATTRACT. It is this attraction of oppo-
sitely charged particles which holds the atom together.

Another basic law is that LIKE CHARGES REPEL. It is
due to this that the electrons in the outer ring of the atom
sometimes break away and become free electrons. At the
outer ring, the influence of the protons is not as great, and as
the electrons collide in their paths, the reaction of the col-
lision and the repulsion of the like charges is sufficient to
overcome the proton’s attraction. When electrons leave an
atom in the manner described above or as a result of some
external force, the atom has a deficiency of electrons. Such
atoms, or any substance of which they are part, are then said
to be positively charged. That is, the atom is in an unbal-
anced state, with more positive charge than negative charge.

The term free electron has been used to describe electrons
which break away from their atoms. These electrons do not
remain in a free state. They are attracted by the protons of
other atoms, even though the other atoms are in a stable con-
dition. It is possible, therefore, for an atom to contain more
than its normal number of electrons. Any substance con-
taining atoms having an over-abundance of electrons is said
to be negatively charged.
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4. Electrical Current.—Electrical current is defined as a
flow of electrons through a conductor. Such a flow is illus-
trated in Fig. 2. The electrons labelled “A” in the figure are
free electrons, supplied from an external source. Since
unlike charges attract, the positive nucleus of atom “1” draws
the two “A” electrons into its orbit. In joining the orbit,
electrons “A” collide with electrons “B” causing them to
move to the position of electrons “C” which, in turn, break
from their orbit in atom “1” and move into atom “2”, displac-
ing electrons “D”, etc. The displacement of the electrons
causes them to be in continuous motion along the wire. It
is this electron drift which constitutes current flow.

5. Insulators and Conductors.—The atoms of some sub-
stances have more electrons than others. Among those hav-
ing a great many electrons are silver, copper, aluminum, iron
and mercury. In these substances electrons are easily dis-
lodged and moved from one atom to another. Due to the ease
with which the electrons are caused to move from one atom
to another in these substances, electric current is readily
passed through them. These substances are known as con-
ductors.

Items such as quartz, glass, mica, polystyrene and ceramics
are examples of insulators. The electrons in the atoms of
these substances are few in number and not easily disturbed
from their atoms. It is thus extremely difficult to cause an
electrical current to flow through them. Insulators are used
therefore, whenever it is desired to prevent the flow of elec-
tricity.

6. Units of Current Flow.—Since current flow is the move-
ment of electrons, it is expressed in terms of the number of
electrons which flow past a given point. Because electrons
are extremely small units, the coulomb has been adopted as
a unit of quantity of electricity. A coulomb is equal to ap-
proximately 620 million electrons. In practice we are usually
interested in the rate of current flow, or the number of cou-
lombs which flow past a point each second. To simplify mat-
ters the term “ampere” has been adopted. An ampere is
equal to one coulomb per second. Rather than indicate
current flow in coulombs per second it is thus given in am-
peres.

Although the ampere is commonly used in electrical work,
it is seldom used in radio. The more commonly used unit is
the milliampere, or one-thousandth of an ampere, usually
abbreviated ma. For example, a current flow of 0.250 amperes
can be expressed as 250 milliamperes. Another, still smaller
unit of current flow encountered in radio circuits is the micro-
ampere, micro meaning millionth. Thus, a measurement of
current flow may be given in three units, amperes, milliam-
peres or microamperes.

Examples: .00054 amperes — 0.54 milliamperes = 540

microamperes.

7. Potential and E.M.F.—Electrons, being negatively
charged particles, are attracted by a positive potential, and
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repulsed by a negative potential. Note the use of the terms
positive potential and negative potential. If a point is posi-
tive, or at a positive potential, it has a deficiency of elec-
trons and therefore has an attraction for electrons. A point
having a negative potential is one that has an excess of elec-
trons which it will release to a positive potential in an at-
tempt to establish an equilibrium. A point is only positive
with respect to a point of greater electron content. A point
is never said to be positive or negative without stating or
inferring that it is so in relation to a reference point. The
difference in potential between two points is the electrical
pressure which causes current to flow and is measured in
volts. Two other commonly used terms for this potential
difference are voltage and electromotive force, abbreviated
e.m.f.

If a conductor is connected between two points which have
a difference in potential, one positive with respect to the
other, a current will flow from the negative point, through
the conductor to the positive point. The amount of electron
flow will depend, in part, upon the magnitude of the difference
in potential, or voltage, between the two points.

8. Resistance and Conductance.—The amount of current
that will flow through a conductor depends upon two factors.
One of these is the voltage or pressure, the other is the re-
sistance of the conductor. Resistance is a measure of the
impedance offered by the conductor to the flow of current.
The greater the resistance the lower will be the current flow
for a given voltage and conversely, the lower the resistance
the greater will be the current flow. The unit of measure-
ment of resistance is the “ohm”. A conductor is said to have
a resistance of one ohm when a voltage of one volt forces a
current of one ampere through it. If the resistance of a con-
ductor is two ohms, and the potential across it is one volt, the
current through it will be one-half of an ampere. The resis-
tance of most conductors is extremely small, so that high re-
sistance materials are used to make the known value resist-
ors which are used throughout radio circuits. The symbol for
resistance is R.

Conductance is the reciprocal of resistance and is a mea-
sure of the ease with which a conductor will pass current.
The term “mho”, which is ohm spelled backward, has been
applied to the unit of measurement of conductance. The
mho, is a very large unit and is seldom used, conductance
usually being expressed in micromhos.

Example: Resistance — 1000 ohms, conductance — 1/1000

— .001 mhos — 1000 micromhos.

9. Ohm’s Law.—Ohm’s law expresses the relationship be-
tween the voltage, current and resistance in an electrical
circuit.

It has been pointed out that the amount of current flow
in any circuit depends upon two factors, the voltage or poten-
tial difference which causes the current to flow, and the
amount of resistance in the circuit which tends to oppose the
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current flow. A conductor is said to have one ohm of re-
sistance when one volt causes a current of one ampere to
flow through it. If the resistance is doubled, twice as much
difficulty is encountered in passing a current through it, and
as a result, the current is only oune-half of an ampere. With
the resistance doubled one ampere can still be passed through
the conductor by doubling the voltage. This relationship is
expressed by Ohm’s Law as follows:

The current in amperes, in an electrical circuit or any part
of a circuit, is equal to the voltage, in volts, divided by the
resistance in ohms.

. . voliage
The mathematical statement of this is, Carrent — —————
resistance
Using the symbols I — current; R — resistance; E — voltage

it become | — —

R
Example: To find the current that will flow through 1 5 ohm resistance with
45 vnl(Eapplicd.
45

I — = — 9 amperes
b
Using the example as a basis it can be shown that if the relationship above

is true, it is also true that E — [R.
Then F — IXR — 9X5 — 45 rolts, which is the voltage assumed in ex-
ample 1.

B 49
Also R — — —— — S abms,

I 9

The reader will note that if any two values of the circuit
are known, the third can be found by applying the correct
form of Ohm’s L.aw. The three forms are:

Current equals the voltage divided by the resistance.

E
| =
R
Lesistance — equals the voltage divided by the current.
E
I

1
Voltage — equals the current multiplied by the resistance.
E — IR

10. Power.—Power is the rate at which electrical energy
is expended. The unit of electrical power is the “watt”. One
watt is equal to one volt multiplied by one ampere or:

8
P=EXI]I = — = R
R

The watt is a small unit; therefore, whenever large values
are mentioned, the term kilowatt is used, kilo representing
thousand. Another common term is the milliwatt or one-
thousandth of a watt.

11. Electrical Circuits.—Electrons will flow from a point
of negative potential to a point which is positive with respect
to it if a path is provided between the two points. This path,
which includes the source of voltage, is known as a circuit.
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If the path is broken, there can be no current flow. If the
switch in Fig. 3A is closed, there will be a complete path
from the negative side of the source to the positive side and
a current will flow in the circuit. The lamps which are part
of the path will glow as evidence of the current flow. When
the switch is opened, the lamps stop glowing because the
circuit has been interrupted and current can no longer flow.
The circuit of Fig. 3A is an example of a series circuit. It is
called a series circuit because all of the elements, the voltage
source, the switch, and the lamps are connected so that there

LAMPS LAMPS
+ +
l Y
VOLTAGE VOLTAGE
SOURCE SOURCE
- _ X
SWITCH SWITCH

®

Flg. 3.—A. Series clrcuit; B. Parallel circuilt,

is only one path for the electron flow. Important facts to re-
member about series circuits are: the same amount of cur-
rent will flow through every part of the circuit; the sum of
the voltage drops across each element in the circuit will equal
the supply voltage.

Figure 3B illustrates a parallel connected circuit. One side
of each lamp is connected to the positive side of the voltage
source, and the other sides of the lamps to the negative termi-
nal of the source. When the switch is closed, electrons flow
from the negative side of the source to point “X”. At this
point two paths are available through which the electrons
may flow, so the total electron flow divides and a portion flows
through each path, lighting the lamps. At point “Y" only one
path is available back to the positive side of the source, so
the currents through the branches combine and complete
their paths to the positive side of the source. Each lamp is
connected across the voltage source; therefore the same volt-
age is applied across each branch of the parallel circuit. The
amount of current flowing in each branch may not be the
same, since the current is also dependent upon the amount of
resistance in the branch.

12. Resistors in Series.—In the circuit of Fig. 4 three re-
sistors of 5, 10, and 15 ohms are connected in a series circuit
across a 60 volt source. When two or more resistors are con-
nected in series, the individual resistances are added to find
the total resistance offered to the flow of current. Adding the
resistances of Fig. 4, gives a total resistance of 30 ohms. Ap-
plying Ohm’s Law to find the current in the circuit:

E 60
= —— —= —— 2 amperes.
R 30

Since the same amount of current flows through every part of
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a geries circuit, the voltage across each resistor can be found.
Resistor “A”: E — IXR —= 2X15 = 30 volts
Resistor “B”: E — IXR —= 2X10 = 20 volts
Resistor “C”: E —= IXR = 2X5 = 10 volts

Total voltage 60 volts

Note that the sum of the voltage drops around the series
circuit equals the applied voltage.

13 OHMS 10 OHMS
+ —AMA———AAA——
A 8
60 VOLT
SOURCE
S OHMS
- N

Fig. 4.—Resistors In series.

13. Resistors in Parallel.—When a five ohm resistor is
connected across a 10 volt source, a current of 2 amperes will
flow through it. Raising the resistance to 10 ohms, double
the original value, will cut the current flow to one ampere,
half its original amount. If another resistor, also of 10 ohms,
is added in parallel with the first one, the current finds two
paths through which it may flow. What happens in this case
may best be explained by comparison with the flow of water
through a small pipe. Assuming a constant water pressure,
a certain number of gallons will flow from the pipe in a given

40—
3

Lo aen Bzon con

O — |

Fig. 3.—Reslstors In parallel,

time. Another pipe of the same size added in parallel with
the first one, will carry the same amount of water, so the
total flow is doubled. When equal value resistors are con-
nected in parallel, the same thing takes place. In the exam-
ple used above, the current will rise to 2 amperes, its original
value. The effect of connecting resistors in parallel, then, is
to reduce the total resistance.

In parallel circuits the same voltage is across each branch.
Applying Ohm’s Law, the current through each resistor of
the circuit in Fig. 5 can be found.

ave g E 30
A’ = 0 =2 00 = mps.
R ) o ami
E 30
0 A ] = — = —— = 3 ampns
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Wl = —— = —— = 2 amps.
R 15
The total current of a parallel circuit is equal to the sum of
the currents in all of its branches; adding the branch cur
rents of Fig. 5, the total current is found to be 10 amperes.
Using the total current and the applied voltage, the joint re-
sistance is found:

R=——=——=30hms.
1 10

Note that the joint resistance is less than any of the indi-
vidual resistances. This is always true of resistors in par-
allel.

The total resistance of two recsistors in parallel is equal to
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KFIg. 6.—Dry cell constructlon.

their product divided by their sum. In the circuit of Fig. 5
consider resistors A and B.
AXB  30x10 300
Rr — = — = — 7.5 ohms total reistance.
A+B 10 10

Another method, called the reciprocal method, may be used
to find the combined resistance of two or more resistors con-
nected in parallel.

The resistance of a parallel circuit is equal to the recipro-
cal of the sum of the reciprocals of the individual resistances.
Therefore in Fig. 5:

1 1 1
Rt —m ————— = =

1
1 1 1 1 1 1 5 3 2 1

— 3 ohms.

— — — — — — _+_
A B C 6 10 15 30 30 30 3

14. Primary Cells.—There are four common methods of
obtaining d-c voltages for operating radio-electronic equip-
ment. They are primary cells, secondary cells, d-c generators
and rectifiers. The more common type of primary cell is the
dry cell shown in Fig. 6. It consists of two dissimilar metals,
such as carbon and zine, called the electrodes and an electro-
lyte, often sulphuric acid. The electrolyte is in paste form
and therefore the cell is not actually dry. The cell is sealed
to prevent the moisture in the paste from escaping.
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Chemical action within the cell creates a potential differ-
ence between the electrodes. This chemical action takes
place as follows:

When sulphuric acid is dissolved with water, the result is
an electrolyte consisting of hydrogen and sulphuric ions. The
hydrogen ions are positively charged and the sulphuric ions
negatively charged. When the cell is in use, the negative
sulphuric ions combine with the zinec, forming zinc sulphate.
This process removes positive charges from the zinc electrode

POSITIVE NEGATIVE
PLATES PLATES

ACID RESISTANT
CONTAINER

Fig. 7.—Storuge battery coastruction.
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and it becomes negatively charged. As this action takes
place, the zinc electrode disintegrates.

The hydrogen ions move to the carbon electrode and collect
around it. This action raises the internal resistance of the
cell, and if not counteracted, severely limits the life of a cell.
The formation of hydrogen gas around the positive electrode
is called ‘“polarization”. In commercial cells an oxidizing
agent such as manganese dioxide is mixed with the electro-
lyte. The hydrogen combines with the oxygen in the agent
and forms water.

The closed circuit voltage of commercial dry cells is ap-
proximately 1.5 volts. The current capacity depends, gener-
ally, upon the size of the elements, the distance between elec-
trodes and the internal resistance of the cell. Primary cells
are connected as batteries in series, parallel or both to give
increased terminal voltage and current capacity. At the end
of their useful life, dry cells must be discarded.

15. Storage Batteries.—Secondary cells, which make up
storage batteries, differ from primary cells in one major re-
spect. Secondary cells are rechargeable, primary cells are
not. Lead peroxide is used as the positive plate of a second-
ary cell, and spongy lead as the negative plate. Dilute sul-
phuric acid is the electrolyte. The construction of a storage
battery is shown in Fig. 7.

When a secondary cell is discharged, passing current
through an external circuit, both the positive and negative
plates of the cell are chemically changed to lead sulphate.
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The electrolyte is partially changed to water. The change
from dilute sulphuric acid to water reduces the density,
(specific gravity) of the electrolyte, affording a means of
directly measuring the charge of the cell. The specific grav-
ity of a fully charged cell is normally between 1.285 and
1.3000; the voltage under load should be approximately 2
volts. A discharged cell has a specific gravity of 1.150 and
a terminal voltage of approximately 1.8 volts.
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Fig. 8.—A. Alignment of molecules In % magnet; B. Molecules In
& non-magnet.

If a cell is allowed to discharge below a specific gravity of
1.175, it may be damaged by excessive sulphation. In addition,
if a cell is left in a discharged condition for too long a period,
it will be difficult to convert the lead sulphate back into
active materials. When a discharged or “sulphated” cell is
being charged, particles of the lead sulphate drop to the bot-
tom of the cell and collect there. If this accumulation is
great enough, it will contact both plates, shorting the cell.
Particles are apt to fall more readily if the plates become
dry and are exposed to the air. For this reason, the level of
the electrolyte must be checked periodically and the ligiud
lost through evaporation replaced with distilled water.

Electrons flow from the negative terminal of a cell through
the external circuit to the positive side of the cell. Within
the cell itself, however, the electrons flow from the positive
plate back to the negative plate. When recharging a sec-
ondary cell, the flow of current is reversed within the cell.
This reversed current, now flowing from the negative plate
to the positive plate, restores the plates to their original
condition and reactivates the electrolyte by chemical action.
Each time this renewing process takes place, some lead sul-
phate drops from the plates forming a layer at the bottom of
the battery. It is due to this process that storage batteries
wear out.

MAGNETISM

16. Magnets.—A magnet is a substance which is surround-
ed by a field of magnetic force. Magnets are divided into
two general kinds, natural and artificial. Natural magnets
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occur in nature. Magnetite, an iron ore, is a natural magnet.
A magnet differs from a non-magnet in that the molecules of
a magnet are aligned as shown in Fig. 8A while those of a
non-magnet are disarranged as shown in Fig. 8B.

It is possible to create artificial magnets in several ways.
One way is to stroke a piece of magnetic material, such as
iron, with a natural magnet. This will align the molecules
in the iron causing it to become a magnet. The iron will

Fig. 8.—The fleid surrounding a bar mngnet.

slowly lose its magnetism. The ability of the iron to hold its
magnetism is called its retentivity. Steel will retain mag-
netism longer than iron. For this reason, most of the arti-
ficial magnets in common use are made of steel or steel alloys.

The earth is surrounded by a magnetic field, the effects of
which can be noticed with an artificial magnet. If a magnet
is suspended on a string, free to rotate, it will line itself up
with the magnetic lines of force of the earth, one end point-
ing to the earth’s north pole, and one end to the south pole.
The ends of the magnet are also called poles; the end which
points to the north pole being referred to as the magnet's
north pole (N), and the other end its south pole (S). All
magnets have these poles.

The law of attraction and repulsion applies to magnets as
well as to electrical charges. LIKE POLES REPEL. If two
suspended bar magnets are placed with their south poles
.close to each other, they will rotate away from each other.
UNLIKE POLES ATTRACT. As the suspended magnets ro-
tate, the north pole of one and the south pole of the other
will attract each other, eventually stopping with the two
unlike poles pointing to one another.

17, Magnetic Fields.—The attraction and repulsion of poles
of magnets gives evidence of the flelds of force surrounding
magnets, Fig. 9 illustrates a strong bar magnet and the lines
of force surrounding it. When small pieces of magnetic
material are placed close to the bar magnet, they will line
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up as shown in the figure. A comparatively large number of
pieces will be grouped around the two poles of the magnet
indicating a concentration of magnetic lines of force at these
points.

The lines of force, in passing through the pieces of mag-
netic material, cause the molecules in each piece to line up

Fig. 10.—Magnetic shielding.

creating temporary magnets. The lines of force, also re-
ferred to as flux, travel within the magnet from south to
north; the number of lines in the magnet greatly exceeding
the number in the external path. The magnet itself offers
very little opposition to the magnetic flux, whereas air offers
much greater resistance. This magnetic resistance is known
as reluctance and is the magnetic equivalent of resistance
in an electrical circuit. Just as some conductors offer more
resistance to the flow of current than others, so some sub-
stances have greater reluctance than others. However, there
are no magnetic insulators in the same sense as electrical
insulators.

Magnetic lines of force will take the path of least reluc-

tance, just as current flow seeks out the path of least re-
sistance. In order to shield any particular space or object,

Fig. 11.—Magnetic induction.

all that is necessary is to provide a path of lower reluctance
for the lines of force. See Fig. 10.

Soft iron has a very low reluctance and is generally used
whenever shielding is required. It is also used whenever it
is desired to strengthen the field density between two poles
of a magnet by providing a low reluctance path and shorten-
ing the air gap through which the lines of force must pass.
The ability of soft iron and other metals to pass magnetic
lines of force is a measure of their permeability. Permea-
bility is defined as the ratio of the number of lines of force
which pass through a given space when it is occupied by a
substance, to the number of lines of force passing through
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the same space when it is occupied by air.

Example: 1500 lines of force pass through the air between the poles of a
horseshoe magnet. hen a soft iron bar is inserted between
the poles, 15,000 lines of force pass through. The permea.
bility of the iron would then be 15,000 divided by 1500 or 10.

18. Magnetic Induction.—When a magnet is placed near a
piece of soft iron, the iron will become a magnet. The pro-
cess by which this takes place is called magnetic induction.
The soft iron is magnetized because the lines of force sur-
rounding the bar magnet pass through it aligning the mole-
cules of the iron, as illustrated in Fig. 11.

©

Fig. 12.—Fleld surrounding & conductor.
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The molecular structure of some magnetic materials is
such that as soon as the magnetizing force is removed, the
material loses its magnetic properties becaunse the molecules
return to their original state of disarray. Soft iron and an-
nealed steel are two such materials. Magnetic materials
which fall into this classification are generally used in tem-
porary magnets. These are magnets which are not expected
to have magnetic properties withont the presence of an ex-
ternal magnetizing force.

Hard steel and certain alloys, such as alnico which is com-
posed of aluminum, nickel and cobalt, are used to make per-
manent magnets. These materials, once magnetized, retain
their magnetic strength at the same level for long periods of
time. Thin magnets are stronger in proportion to their
weight than thick ones. For this reason, many permanent
magnets are made of layers of thin magnets bound with like
poles together. Rough handling or heat will cause a magnet
to lose its strength by throwing some of the molecules ont
of alignment.

19. Field Surrounding a Conductor.—Every electron has a
magnetic field surrounding it, and when electrons are flowing
through a conductor they produce a magnetic field around
the conductor. The lines of force produced by the electron
flow surround the wire as illustrated in Fig. 12. These lines
of force have a definite direction determined by the direction
of electron flow. On the right the cross mark indicates elec-
trons flowing into the paper. The dot on the left represents
the current flowing out of the paper. A simple rule to deter-
mine the direction of the magnetic lines of force is called
the left hand rule. Grasp the conductor in the left hand with
the thumb pointing in the direction of the electron flow. The
fingers will cur]l around the conductor in the direction of the
magnetic field. This is illustrated in Fig. 13.

The existance of the magnetic field around the conductor
can be demonstrated by suspending a needle magnet near it.
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The needle will align itself at right angles to the conductor;
parallel with the magnetic lines of force.

The greatest distance at which the needle will be acted
upon depends upon the strength of the magnetic field. The
strength of the field depends upon the amplitude of the elec-
tron flow through the conductor; the greater the current
flow, the stronger will be the field produced.

20. Field Surrounding a Coil.—If a straight conductor,
carrying current, is bent into a one-turn loop, magnetic lines

Fig. 18.—Left-hand rule for conductors.

of force will surround the wire as shown in Fig. 14A. Due
to the new configuration of the conductor, the lines of force
are concentrated in the area within the loop. If the loop is
cut along the plane AB. the fleld around the half loop from
B to A will appear as shown in Fig. 14B. Note that on the
inside the lines of force are acting in the same direction, pro-
ducing a strong field.

Closely spacing a number of turns to form a coil will in-
crease the strength of the magnetic fleld. The direction of the

ELECTRON
FLOW OUT

¥Fig. 14.~—~A. Fleld surrounding a one-turn loop; B. Croes section
of fleld surrounding a loop.

lines of force around each turn is the same through the area
in the center and on the outside of the coil. The fields sur-
rounding the individual conductors therefore aid one another
forming a stronger field as shown in Fig. 15. Between the
turns of the coil, the fields are opposing and tend to cancel
each other. Therefore, the magnetic field is strong in the
center of the coil and on the outside of the coil due to the
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adding of the lines of force from each individual turn. This
is exactly the same concentration of lines of force as that
around a bar magnet. Like the bar magnet, the coil has a
north and south pole when current is passing through it.

To determine the polarity of a coil, grasp the coil in the
left hand with the fingers pointing in the direction of electron
flow and the thumb extended at right angle to the fingers.
The thumb will point toward the north pole.

Fig. 15.—A. Field around adjacent turns of a coll; B, Field around
a coll.

The number of lines of force through the center of a coil
may be increased by placing a core of a magnetic substance
such as steel or soft iron in the coil. The core material will
be magnetized by the lines of force passing through it and
will form an electromagnet. The strength of the electro-
magnet depends upon a number of factors. Among them are
the amount of current flowing through the coil, the number
of turns in the coil and the permeability of the core material.

21. Induced Voltage.—As previously stated, current flow-
ing through a conductor will produce a magnetic fleld around
the conductor. Conversely, a magnetic fleld can induce an
electromotive force in a conductor thereby causing a current
to flow in the conductor; provided it is a closed circuit.

In order to accomplish this, the following conditions must
be satisfled: (1) A magnetic field must be present. (2)
Either the conductor, in a closed circuit, must cut through
the lines of force, or the lines of force must cut through the
conductor.

In Fig. 16, the first condition is satisfied by the magnet. To
satisfy the second condition, the conductor AB must move
through the magnetic field. It must move through the field
in a path that will cut through the magnetic flux. Moving
the conductor in any direction except parallel to the lines of
force will cause a voltage to be induced, and a current will
flow through the wire. The greatest amount of current will
flow when the conductor is moved at right angles to the lines
of force. As the conductor in Fig. 16 is moved down through
the magnetic flux, the meter needle will swing to the right,
indicating that the electron flow is from B, through the meter
to A. Reversing the direction of motion of the conductor will
cause the meter needle to defiect to the left, indicating a re-
versal in direction of current flow. Reversing the direction
of the magnetic fiux will have the same effect. This confirms
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the fact that the polarity of the electromotive force induced
in a conductor depends upon the direction of motion and the
direction of the magnetic flux. The direction of current flow
due to an induced voltage can be determined by the following
rule: Extend the thumb, forefinger and middle finger of the
LEFT HAND at right angles to one another. Point the thumb
in the direction of motion, and the forefinger in the direction
of the magnetic flux; the middle finger will then point in the
direction of current flow.

22. Self-Induction.—When magnetic lines of force are build-
ing up around a coil carrying current, the turns of the coil will

[=3)
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Flg. 16.—Induced e.m.f.

be cut by the expanding lines of force. In this case, the two
conditions necessary to induce a voltage in a conductor are
satisfied. A voltage will be induced in each turn of the coil,
even though the expanding magnetic field is caused by the
current flow in the coil. This is known as self-induction.
The voltage induced in a conductor by self-induction will
always be in such a direction that it will oppose any change
of existing conditions. Consider the circuit and curve in
Fig. 17. The circuit consists of a battery, a conductor wound
in the form of a coil, an ammeter and a switch, all connected
in series. When the switch is closed, electrons will instantly
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Fig. 17.—Self-induction in a coil.

begin to flow through the circuit from the negative side of
the battery, through the coil and switch, to the positive side
of the battery. As the current begins to flow through the
coil, a magnetic field is built up around the coil. The mag-
netic field expands outward from the coil, cutting the turns
of the coil and inducing a voltage in them by self-induction.

The induced voltage is opposite in polarity to that of the
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ayuied (battery) voltage. It therefore opposes the flow of
current through the coil. The induced voltage, or back e.m.f.
as it is sometimes called, is never as great as the applied
voltage, so the current rises gradually, as shown in Fig. 17B,
until it reaches its maximum value as determined by the
applied voltage and the resistance of the circuit.

The amplitude of the induced e.m.f. is determined by the
number of turns in the coil, the strength of the magnetic field
and the rate at which the field builds up.

When the current reaches its maximum value, the field
around the coil ceases to expand and, since the lines of force

Fig. 18.—~Mutual lnduct—a.nce between two colls.

are no longer cutting the conductor, back e.m.f. is no longer
present. As long as the switch remains closed, current flows
through the circuit as determined by Ohm’s Law.

Opening the switch in the circuit will cause the magnetic
field around the coil to collapse since there is no current flow
to maintain it. As the field collapses, the magnetic lines of
force again cut the turns of the coil, this time inducing a
voltage which tends to support the field surrounding the coil.

23. Inductance.—The amount of opposition offered by a
coil to a change in current flow through it, is a measure of
the inductance of the coil. The unit of measurement of in-
ductance is the henry. A circuit is said to have one henry of
inductance when a current change of one ampere per second
will cause an induced e.m.f. of one volt.

Electrical inductance is best compared to mechanical in-
ertia. Before current flow in a circuit can reach its maximum
value, the inductance of the circuit must be overcome, Jjust
as it is necessary to overcome inertia before an automobile
can be pushed easily.

Inductance is not a material thing but is a property of a
circuit. It does not exist until current is passed through the
circuit. The amount of inductance in a circuit depends in
part upon the strengths of the magnetic fields surrounding
the various portions of the circuit. If means are taken to
concentrate a magnetic field, such as inserting an iron core
in a coil, the inductance will be comparatively high. If the
coil has an air core and few turns, its inductance will be com-
paratively low.

There is no loss of power in a purely inductive circuit.
Energy is stored in the magnetic field and is returned to the
circuit when the field collapses. Of course, there is no such
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thing as a pure inductance since all conductors have some
resistance.

24. Mutual Inductance.—Coil A in the circuit of Fig. 18 is
connected in series with a battery and a switch. Coil B is
placed very close to coil A but is not electrically connected
to it; a center-zero meter is placed across the terminals of
coil B. When the switch is closed, current begins to flow
through coil A from 1 to 2, and a magnetic fleld builds up
around coil A. As the field expands, the lines of force in the
field cut the turns of coil B, inducing a voltage in it and caus-
ing a current to flow. The current flow in coil B will be in
such a direction that the magnetic field built up around B
will oppose the magnetic fleld around A. The directions of
current flow when the switch is first closed is indicated by
the solid arrow in each coil. The current flow of coil B lasts
until the field around A becomes stationary.

Fig. 19.—Voitage induced in rotating loop.

When the switch is opened a spark will jump across the
terminals of the switch, because the collapsing field around
coil A induces a voltage in A which tends to keep current
fiowing. The collapsing field around A cuts the turns of coil
B in a reverse direction, inducing a voltage that causes the
current flow in B to follow the broken arrow. The fleld around
B again opposes the magnetic field around coil A.

Since the magnetic field of coil A links the turns of coil B,
the two coils are said to be inductively coupled. The degree
of coupling, called the coefficient of coupling, is determined
by the number of lines of force of coil A, which cut the turns
of coil B. If they all do, the coefficient of coupling is unity;
however this is seldom the case.

The voltage induced in coil B is caused by mutnal induc-
tion. The two circuits, since they are situated so that the
magnetic flux of one cuts the turns of the other, are said to
possess mutual inductance.

When a change of one ampere per second in one circuit in-
duces one volt in another circuit, the two circuits have a
mutual inductance of one henry.

25. Generators.—An electrical generator is a machine
which transforms mechanical energy into electrical energy.
Its operation is based upon the fact that an electromotive
force is set up in a conductor; when the conductor is moved
through a magnetic field cutting lines of force. Consider the
one turn loop in Fig. 19A.
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If the loop is rotated so that side AB is moving down and
side CD up, a current will flow in the loop from x to y. The
left-hand rule for finding the direction of an induced e.m.f.
verifies this.

In Fig. 19B, the loop of wire has completed one-half revo-
lution. Applying the left-hand rule in this new position indi-
cates that the current flow is now from y to x. This repre-
sents a complete reversal of current flow in one-half revolu-
tion. The induced voltage which causes the current flow is

AC OUTPUT

Fig. 20.—Alternating-current generator.

maximum when the loop is in the positions shown in the
figure, because in these positions it is cutting the maximum
number of lines of force. The induced voltage is zero when
the loop is rotated 90 degrees from the positions shown. At
this point no lines of force are being cut because the leop is
moving parallel to the lines of force. It is at this point that
the reversal of current in the loop takes place. The reversing
current in the generator is known as ‘“alternating current.”

The amplitude of the voltage induced in a single turn loop
is extremely small. In practice, the single turn loop is replaced
by a great number of turns of wire; and the magnetic fleld
is reinforced by placing coils around the pole pieces and
passing current through them.

Electrical generators are of two types, a.c. and d.c. The
internal action of each type is the same. As previously men-
tioned, the current flow produced in the rotating winding is
alternating current. In an a-c generator the ends of the
winding contact slip rings as shown in Fig. 20; consequently,
the output of the generator is the same as the current flow in
the winding. Direct current generators employ brushes and
a commutator instead of slip rings. The commutator is made
of segments, only two of which are in use at any one time.
The commutator may be likened to a rotary switch, with the
segments representing the contacts; and the brushes, the
poles. Every time the voltage induced in the winding re-
verses, the commutator switches the brush connections; thus
one brush is always positive and the other negative.

26. Motors.—Unlike poles of magnets attract; like poles
repel. The same is also true of magnetic flelds. Fields of
unlike poles attract, while flelds of like poles repel. A coil,
through which current is passing, is surrounded by a mag-
netic field, as shown in Fig. 21. If the coil is placed between
the poles of a permanent magnet, a force will be exerted on
the coil. The south pole of the coil will be attracted to the
north pole of the magnet, and the north pole of the coil to the
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south pole of the magnet. If the coil is free to rotate, it will
move 8o that its south pole will be near the north pole of the
magnet. If the direction of current through the coil is re-
versed, the position of the coil will reverse. If the coil is
mounted on a shaft which is free to rotate and a suitable
switching arrangement is provided, the application of a volt-
age to the coil will cause it to rotate. This is the action on
which all electric motors are based. The electric motor is
capable of transforming electrical energy into mechanical
energy.

Fig. 21.—Motor action.

Motors, like generators, are of two general types, a.c. and
d.c. Motors may be further classified as to whether they are
series-wound, shunt-wound or compound-wound. A series-
wound motor is one in which the field winding, used to pro-
duce the strong stationary magnetic field, is in series with the
armature winding. The field winding of a shut-wound motor
is connected in parallel with the armature winding.

27. Capacitance.—When two conductors are placed close
together but insulated from one another a capacitor is formed.
The functioning of a capacitor is iliustrated in Fig. 22. Plates
x and y are conductors, and z is an insulator. When the
battery is connected across the plates, electrons flow from

R
50V
Fig. 22.—Action of a capacitor.

the battery to plate y, negatively charging it. Since like
charges repel, the negative charge on plate y repels the nega-
tive electrons in plate x causing some of them to flow to the
positive terminal of the battery. When a sufficient number
of electrons have left plate x, a state of equilibrium is reached
and current will no longer flow in the circuit. When this
state exists, plate y has many more electrons than plate x
and the capacitor is said to be charged.

If the battery is disconnected, the capacitor will remain
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charged because there is no path by which the surplus elec-
trons on plate y can reach plate x. If a meter is connected
across the plates, electrons will low through it and its indi-
cating pointer will move, demonstrating the ability of a ca-
pacitor to store energy. If the capacitor is a perfect one, the
quantity of energy released will be exactly equal to the en-
ergy originally required to charge it.

A capacitor will store energy if the space between its plates
is empty or if it contains an insulating material. In fact, a
capacitor of given dimensions will store more energy if an
insulating material is present than it will without it. This is
so because, although current will not flow through an in-
sulator, the presence of a difference of potential will cause a
distortion of its molecules. This distortion consists of a
movement of negative charges within the molecules of the
insulator. The negative charges are forced to the end of the
molecule away from the negatively charged plate. This makes
it easier to charge the capacitor. The ratio of the capacity
of a capacitor with air between its plates to its capacity with
a given insulating material between its plates is called the
‘“dielectric constant” of the insulating material.

The capacitance of a capacitor is dependent upon the size
of its plates, the distance between them and, as previously
described, the dielectric constant of the insulating material.

The unit of capacitance is the “farad.” When an e.m.f. of
one volt across a capacitor produces a current of one ampere,
the capacitor has a capacitance of one farad. The farad is
an extremely large unit and is not encountered in radio work.
The units commonly used are the microfarad (one-millionth
of a farad), and the micro-microfarad (one-millionth of a
microfarad).

ALTERNATING CURRENT

28. An alternating current is defined as one which reverses
itself periodically. This process does not happen instan-
taneously; it is a gradual increasing of current in one direc-
tion to a maximum value, and then a gradual decline to zero
followed by a gradual increase in current flow in the oppo-
site direction, etc. This can be illustrated graphically as
shown in Fig. 23.

Alternating current displays many properties which direct
current does not. Consider its effect on an inductance. Since
the current through an inductance carrying a.c. is always
changing, the field surrounding the inductance is constantly
building up and collapsing. If a second inductance is placed
near the inductor carrying the alternating current so that
there is coupling between them, a current will flow continu-
ously in the second inductance, if it is in a closed circuit.

Alternating current will flow through a capacitor continu-
ously because a state of equilibrium is never reached as with
direct current.

The rate at which an alternating current changes its direc-
tion is referred to as its “frequency”. Each complete change




38 FUNDAMENTALS

is a cycle. Each half-cycle is an alternation and is further
identifled as either the positive or negative alternation. See
Fig. 23. Most commercial power has a frequency of 60 cycles
per second; that is, it goes through a complete reversal 60
times each second.

Alternating current frequencies encountered in radio work
cover the range from 60 cycles per gecond {(c.p.s.) to more
than 30 million cycles per second. The frequencies from a
few c.p.s. to 20,000 c.p.s. are audio-frequencies, identifled as
such because they are audible to the human ear. Frequencies
above 20,000 c.p.s. are radio-frequencies. Frequency is ex-
pressed in cycles per second or c.p.s. Other units used are;

IV

v

Fig. 23.—Sine-wave alternating current or voltage.
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kilocycle (kc.) or one thousand c.p.s., megacycle (mc.) or one
million c.p.s.

29. Peak, R.M.S. Average and Instantaneous Values.—Due
to their continuous change in amplitude, values of alternating
current and voltage cannot be expressed in the same terms
as direct current. There are two common terms used when
referring to values of alternating current or voltage; these
are “peak” value and the “r.m.s.” (root mean square) or
“effective” value.

The peak value is the greatest instantaneous value reached
in the positive and negative directions.

The value generally used is the r.m.s. or effective value.
Most meters indicate effective values. An alternating cur-
rent has an effective value of one ampere when it produces
the same heating effect in a given resistance as will a direct
current of one ampere. The same units, volts and amperes,
are used in a-c measurements as are used in d-c measure-
ments.

The eftective value of alternating current is less than the
peak value. Peak values may be converted to r.m.s. values
by multiplying the peak value by 0.707. Multiplying the effec-
tive value by 1.414 will give the peak value.

Occasionally it is necessary to find the average value of an
alternating current or voltage when either the peak value or
the effective value is known. The average value is equal to
0.636 times the maximum, or peak, value. If the effective
value is known, it may be multiplied by 0.9 to find the average
value.

Another term frequently encountered is “instantaneous
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value”. The instantaneous value of an alternating current
or voltage can be any value between its peak value and zero,
depending upon the instant, during the current or voltage
cycle, in question.

30. Resistance in A.C Circuits.—The effect of resistance
in an a-c circuit is similar to its effect in a d-c circuit. Re-
sistance offers opposition to the flow of current through a
circuit. The voltage developed across a resistor is
equal to the resistance multiplied by the amplitude of the
current. If the effective value of the current is used for
computation, the voltage developed is also the effective value.
Using the peak value of current will glve the peak value of
the voltage.

The presence of resistance in an a-c circuit will not cause

Fig. 24.—I'hase difference.

a difference in phase between the current and voltage waves.

31. Phase Relations.—The current and voltage in an a-c
circuit seldom pass through their zero values at the same
time. A typical case is illustrated in Fig. 24. Here the cur-
rent wave passes through zero after the voltage wave. When
such a conditions exists, the current is said to *lag” the
voltage. The difference in time between the instant the volt-
age passes through zero and the instant the current passes
through zero is expressed in degrees as shown in the figure.
The complete cycle is divided into 360 units or degrees. In
the example shown, the current passes through zero 90 de-
grees after the voltage. The current therefore “lags” the
voltage by 90 degrees. Another way of stating the condition
illustrated is to say that there is a “phase” difference of 90
degrees between the voltage and the current.

When the current and voltage pass through zero at the
same instant, they are said to be “in phase”. Phase differ-
ences may exist between two or more currents, two or more
voltages, or between currents and voltages.

32. Inductance in A.C Circuits.—Inductance always op-
poses a change in current. The greater the rate of current
change, the greater the opposition. The opposition to a
change in current is a result of the counter e.m.f. induced in
an inductance when the current through it changes. The
amplitude of the induced e.m.f. is proportional to the rate of
current change. The greater the rate of current change, the
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greater the induced voltage.

When an alternating current is applied to a pure induc-
tance, the relationships of the applied voltage, the current,
and the induced voltage are as illustrated in Fig. 25. As the
current wave passes through zero, the rate of current change
is greatest; therefore the induced voltage is at maximum.
When the current is near maximum, the rate of current
change is at a minimum and the induced voltage is near zero.
The applied voltage is always equal and opposite to the in-
duced voltage; therefore when the current is at zero, the ap-
plied voltage is at maximum. Consequently the current
through an inductance lags the applied voltage and is 90 de-
grees out of phase with it.

Pure inductance exists in theory only; actually all inductors
have some resistance. The effect of the resistance is such
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¥Flg. 25.—Current and voltage in an inductance.

that the phase angle is always less than 90 degrees; the
greater the resistance the smaller the phase angle.

33. Capacitance in A-C Circuits.—A charge of electricity
may be stored in a capacitor, and it will be retained until it
is either dissipated by leakage or released into a circuit.

When there is no charge on a capacitor, it is capable of
permitting the greatest current flow. At the instant that a
voltage is applied to an uncharged capacitor, the current is
maximum. Since the capacitor is not opposing the flow of
current, there is no voltage drop across it at that time. When
the charge across the capacitor is maximum, the current
through it is zero and the voltage drop across it is maximum.

If an alternating voltage is applied to a capacitor, the re-
lationship between the applied voltage and the current will
be as illustrated in Fig. 26. When the current is maximum,
the voltage across the capacitor is zero. The charge stored
in the capacitor at this instant is zero. When the voltage
across the capacitor reaches maximum, the current is zero
and the charge stored in the capacitor is maximum. The cur-
rent reaches its maximum value before the voltage; there-
fore the current through a capacitor leads the voltage by 90
degrees.

In practice all capacitors have some losses. The effect of




POWER FACTOR 41

the losses is such that the phase angle is always less than
90 degrees.

34. Power Factor.—The energy absorbed by an inductance
or a capacitance is not dissipated but is returned to the cir-
cuit. Ordinarily a circuit contains resistance, capacitance,
and inductance. Since no power is dissipated by the induc-
tance and capacitance, the only power loss is due to the re-
sistance. If the voltage and current in the circuit are mea-
sured and used to find the power, the value found will be
greater than the actual power. This value is referred to as
the apparent power and is equal to the voltage, in volts, mul-
tiplied by the current, in amperes. The actual power in an
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Fig. 26.—Current and voltage . a capacitor.

a-c circuit is equal to the current squared multiplied by the
resistance, or I2R.

The ratio of the actual power to the apparent power is
called the power factor. It is expressed by the formula:

Watts I'R
volts X amperes E X I

35. Reactance.—Reactance is the opposition offered by
inductance, capacitance, or both to the flow of alternating
current through a circuit. It is represented by the symbol
“X"” and is measured in ohms. Reactance is not a constant
value for any particular inductor or capacitor; it varies with
the frequency of the alternating current in the circuit. When
a circuit is composed of both inductance and capacitance, the
total reactance of the circuit is found by subtracting the re-
actance offered by the inductance and the reactance of the
capacitance. They must be subtracted because they work in
opposition to each other, inductance causing a lagging cur-
rent and capacitance causing a leading current.

36. Inductive Reactance.—Inductive reactance is the oppo-
sition offered by an inductance to the flow of alternating
current. The symbol for inductive reactance is Xt and the
unit of measurement is the ohm. The reactance of an in-
ductor is found from the following formula.

X1 = 2«FL

Power tactor —
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Where X1 — Inductive reactance in ohms
F — Frequency in cycles per second
L = Value of inductance in henries
It is apparent from this formula that inductive reactance
varies directly with frequency as well as with inductance.
The reactance of an inductor will increase with an increase
in the applied frequency or an increase in its inductance.

When two or more inductances are connected in series in
a circuit, the total reactance is the sum of the individual re-
actances. This is true since the total inductance is equal to
the sum of the individual inductances.

If inductances are connected in parallel, then the total in-
ductance will always be less than that of the smallest in-
ductance. The reactance of a parallel group of inductances
can be determined by finding its total inductance, using the
reciprocal method in the same manner as when finding the
value of resistors in parallel. After determining the joint
value of the parallel inductors, the reactance is found by
substituting this value in the inductive reactance formula
given above.

37. Capacitive Reactance.—The opposition offered by ca-
pacitance to the flow of alternating current is known as
capacitive reactance. The symbol for capacitive reactance is
Xc and it is measured in ohms. The formula for capacitive
reactance is:

Xec —

1

2xF C

Where Xc¢ — Capacitive reactance in ohms
F — Frequency in cycles per second
C =— Capacity in farads

Capacitive reactance varies inversely as the frequency
and/or capacity. An increase in either frequency or capacity
will cause a decrease in reactance. Decreasing either the
frequency or the capacity will increase the reactance.

The total capacitance of two or more capacitors connected
in parallel is the sum of their individual capacities. The
capacitive reactance of the combination is found from the
formula after determining the joint capacity.

When capacitors are connected in series, the product over
the sum or the reciprocal method may be used to determine
the joint capacitance, and then the reactance can be found
by using the capacitive reactance formula given above.

38. Impedance.—Impedance is the total opposition to the
flow of alternating current. It is the result of the total re-
actance and resistance of the circuit and is measured in ohms.
The symbol for impedance is Z.

The impedance of an a-c circuit is found from the formula:

Z — /JR* + (Xt — Xc)*

A pure inductance will cause the current to lag the voltage
by 90 degrees; while a pure capacitance causes the current
to lead the voltage by 90 degrees. Resistance has no effect
nn the phase angle if the voltage and current applied are in
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phase. Since this is true, inductive reactance can be de-
picted graphically as acting at right angles to resistance as
illustrated in Fig. 27A. The illustrations in Fig. 27 are called
vector diagrams.

Capacitive reactance also acts at right angles to resistance,
but in the opposite direction from inductive reactance, as
shown in Fig. 27B.

In a series circuit containing only inductance and resist-
ance, the impedance is found by taking the square root of the
sum of the squares of R and Xv; Z = /R® + Xu?

When capacitance and resistance are combined in a series
circuit, the impedance Z —= /R? + Xc2

To determine the impedance of a series circuit containing
all three elements, the combined effect of the inductive re-

R
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Fig. 27.—Impedance triangies.

actance and the capacitive reactance must first be determined.
Since the capacitance and inductance cause equal and oppo-
site phase shifts, the two reactances oppose each other. This
is illustrated by the diagram of Fig. 27C. The combined effect
of the reactances is found by subtracting the smaller from
the larger, the result being capacitive reactance or inductive
reactance depending upon which is greater. The impedance
is then calculated.

Example: R — 30 obms

Xc — 75 obms

XL — 60 obms

zZ = 2

Z — JREF(Xc—Xu1)?
= /B0 (1560}
= /9004225
— /1125

Z — 33.5 ohms
39, Ohm’s Law for A-C Circuits.—Ohm’s Law must be mod-

ified to account for the phase differences between voltage and
current before it can be applied to a-c circuits. The a-c ver-
sion of the law is:

E =12
Where E — voltage in volts
I = current in amperes
Z — impedance of the circuit in ohms.
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The phase difference is accounted for when finding the
impedance. The law may be applied to an entire circuit or
to any portion of a circuit. However, the voltage drops
around the circuit cannot be added algebraically to arrive at
the input voltage. Due to the phase shift, they must be added

vectorially.
A series circuit consisting of a 10 millihenry inductance and a

Examples: {
s ohm resistor is connected across a 1000 cycle, 100 volt a-c
source. Find the voltage across each element.

XL — 2xFL
— 6.28 X .01 X 1000
XL — 62.8 ohms
Z = JR*+ Xu*
— J225 + 3943.84
Z — 64.5 ohms
E 100
| = — — — — 1.5%
Z 64.5
Voltage across L — I1X1L — 1.55 X 62.8 — 97.34 wolts
Voltage across R — IR — 1.55 X 15 — 23.25 volts

Note that the sum of the two voltages is greater than the
applied voltage. This is due to the phase shift caused by the

1T3n
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Fig. 28.—Serics L, C, R, circuit.

inductance. If the two voltages are added vectorially, the
vector sum will equal the supply voltage. Since the two
voltages are at right angles to each other, the vector sum
can be found by squaring both values, adding them and taking
the square root of the sum.

E12 — 9475
Er? — 540
Evt + ErR? = 10013
E — /10015 — 100 volts. (approx.)

40. Series L, C, R Circuits.—Inductance, resistance and
capacitance are often connected in series in a-c circuits. The
resistance is the effective resistance which includes power
losses due to hysterisis, eddy currents, “skin” effect at high
frequencies, etc. In diagrams effective resistance is often
shown as a resistor. The inductance and capacitance can
then be considered as pure reactances.

When solving a series L, C, R circuit, the first step is to
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simplify the circuit. In Fig. 28A the ohmic values of resist.
ance and reactance are given for each element. All like ele-
ments, in a series circuit, can be combined and considered as
one. Simplifying the circuit of Fig. 28A results in the circuit
shown in Fig. 28B. The circuit can be further simplified by
combining the inductive and capacitive reactances. They
must be combined by subtracting the smaller from the larger

C 3

N
1000 CYOLE g MF son

o] F
Fig. 29.—Parallel L, C, R, clreult.

since their effects are in opposite directions. The final cir-
cuit is shown in Fig. 28C.
Using the formula Z — JR? 4+ X2
the impedance of the circuit is Z J(10)2 4(50)2
/100 + 2500

/2600
Z — S1 obms approx.
The current in the circuit can be found from the formula

E 100
| — — — —— — 2 amps. (approx.)

z 51
When the current is known, the voltage across each part of
the circuit is found from the formula.

E =17
Often the reactance of the inductance and capacitance is

not known and must be computed from the reactance for-
mulas.

41. Parallel L, C, R Circuits.—The three elements, induc-
tance, resistance and capacitance, can be combined in a
parallel circuit in a number of ways. One branch may con-
sist of inductance and resistance, another of capacitance and
resistance or inductance, and a third of reistance alone.

The first step in solving a parallel L, C, R network is to
find the values of the reactances at the applied frequency.
In Fig. 29 Xc —= 1,592 ohms and X. — 62.8 ohms.

The impedance of branch CD may be found using the formula
Z = /R*'+ X2 = /(5)*+ (62.8)* = 63 ohms

The impedances of branches AB and EF are known since

they consist of pure capacitance and pure resistance, respec-

tively. The combined impedance of two branches is found

from the formula

Zh X Z2
Z — —
Zs
where Zs — impedance of the two branches considered as a

series circuit.
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The process is repeated using the combined impedance of
the first two branches and the impedance of the third. The
result will be the joint impedance. When this is known, the
total current flow in the circuit may be found by applying
Ohm’s Law for a-c circuits.

42. Transformers.—A transformer is a device used to
transfer electrical energy from one circuit to another. A
simple transformer consists of two coils, called the primary
and the secondary. When an a-c or pulsating d-c voltage is
applied to the primary, it sets up a field around it. Since the
secondary is located close to the primary, it is surrounded by
this field. Because the field is constantly changing, due to
the variation in the applied voltage, an e.m.f. is induced in
the secondary. Thus energy may be transferred to the sec-
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Fig. 30.—Transformer.

ondary without connecting it directly to the primary. In the
process of transfer, the primary voltage may be stepped up
or down.

Transformers are usually wound on cores of magnetic ma-
terial, as shown in Fig. 30. Since the core has a higher per-
meability than air, the inductance of the coils is increased.
This reduces the number of turns required in the coils. The
core introduces power losses, due to hysterisis and eddy cur-
rents, and since these losses increase with frequency, the use
of cores is generally limited to power and audio frequencies.

Power and audio transformers use cores of steel alloy.
Their coils are normally wound one on top of the other to
increase the mutual inductance between them. Many power
transformers have more than one secondary winding in order
to supply power to circuits requiring different voltages.

As stated previously, power may be transferred at the same
voltage, at higher voltage, or at a lower voltage.

When a-c or pulsating d-c is applied to the primary of a
transformer having a greater number of secondary turns than
primary turns, the voltage induced in the gecondary will be
greater than the voltage applied to the primary. The values
of the two voltages will be in the same proportion as the
number of primary and secondary turns. The ratio of the
number of turns in the primary and secondary is called the
“turns ratio.” Thus a transformer having a turns ratio of
10:1 is a step-up transformer which will produce ten times as
much voltage across its secondary as is impressed across its
primary. A ratio of 1:10 indicates the reverse. The follow-
ing formula states the relationship between the primary and
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secondary turns and voltages.

Ns Es
Ne =  Er
Where Er — primary voltage
Nr = primary turns
Es — secondary voltage

Ns — secondary turns

Since the transformer is used to transfer power from one
circuit to another, and power is equal to the voltage times
the current, each time the voltage is changed the current
must also change. A step-up transformer increases the volt-
age at the expense of the current. The voltage times the
current in the secondary, plus losses is equal to the input
power.

The amount of current in the secondary of a step-down
transformer is greater than that flowing in its primary. Since
the voltage has been reduced, the current can increase until
the power in the secondary approximately equals the primary
power. This relationship of current and turns ratio is ex-
pressed as:

Is Ne
Ir = Ns
Where Is — secondary currcnt
I — primary current

Np = primary turns
Ns — secondary turns
If a transformer were 1009 efficient, the power transferred
to the secondary would exactly equal the primary power.
Power is lost due to the resistance of the coils and hysterisis
and eddy currents in the core. The power consumed in this
manner cannot be delivered to the output; thus the efficiency
of a transformer is less than 1009%. The percentage of effic-
iency of a transformer may be determined from the following
formula:
>

X 100

% Eficiency —=
Pr
Ps = power in secondary
Pr — power in primary

43. Impedance Matching—Impedance matching transform-
ers are often used when it is necessary to transfer power
between two circuits of different impedances.

Maximum power is transferred from the source to the load
when the impedance of the load equals the impedance of the
source. To satisfy this condition, a matching transformer can
be designed so that:

Nw\ ¢
Z source = Z load.
V8
Where Ns primary turns

Ns ; Secondary turns
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This relationship may also be stated as:
Ne ’ Z source
Ns — Y Zload

44. Autotransformer.—The autotransformer contains a
single winding and depends upon self-induction rather than
mutual induction for its operation. The winding is tapped so
that a portion of it may be used for one winding and the
entire coil for the other winding. In Fig. 31, if the portion

labelled “A” is used as the primary, a stepped up voltage
will be present across the secondary “B”. Reversing the con-

ST

Fig. 3l.—Autotruneformer.

nections will give a lower voltage across the secondary,
which would then be the portion labelled “A”.

RESONANT CIRCUITS

45. Series Resonant Circuits.—Resonance is defined as the
condition existing in a circuit when the inductive and capaci-
tive reactances cancel. Consider the circuit shown in Fig. 32.
A 1000 cycle source is connected in series with a .318 micro-
farad capacitor, a 10 ohm resistor and an inductor of .079
henries. Computing, Xc is found to be 500 ohms and Xt 500
ohms. Applying the impedance formula:

Z = /R* + (Xc — Xv)*®
Z = /10 + (500 — 500)*
Z = J10® = 10 ohms

The total impedance then is the value of the resistor, and
the circuit is said to be series resonant at 1000 cycles per
second. This condition will exist at only one frequency for
given values of L and C, The impedance offered by the cir-
cuit at resonance is extremely small; if the frequency is in-
creased the inductive reactance will increase, the capacitive
reactance decrease thus increasing the impedance of the
circuit. A decrease in frequency will lower the inductive
reactance but increase the capacitive reactance, thus increas-
ing the total impedance.

The following are the characteristics of series-tuned, or
series-resonant, circuits:

1. Their impedance at resonance is very low.

2. Current at resonance is very high.

3. Voltage across the entire circuit is low. Across either
the inductor or the capacitor, the voltage will be high, possi-
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bly much higher than the overall voltage.

4. Series-tuned circuits may be used to pass one frequency
and exclude others.

46. Parallel Resonant Circuits.—The condition of reso-
nance in a parallel circuit occurs when the inductive reactance
squals the capacitive reactance. In Fig. 33, -one branch con-

.318 MF
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Fig. 32.—Serles resonant circults.

tains pure inductance and a 5 ohm resistor; the other branch
is pure capacitance.

The impedance of the two branches in parallel is computed
from the formula:

Zi X Zz
“ T Zs (impedance considered in series)
500 X 500 250,000
7 = = = 50,000 ohms
5 5

Zs will equal zero and the combined impedance would be in-
finite if there were no resistance in the circuit. This never
occurs because some resistance is always present in a cir-
cuit. Note that the combined impedance in the example is
greater than either alone, and that they do not cancel. Since
the impedance is high, the voltage at resonance is also high.

At resonance, a parallel LCR circuit offers the maximum
impedance to the flow of current through it; therefore current

A gn
I00 V. =
1000 GYCLES 2
8

Flg. 33.—Purallel resonant circuit.
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flowing from “A” to “B” will be at its minimum. On either
side of resonance, the impedance will drop considerably, and
the circuit will exhibit either inductive or capacitive reactance
depending on whether the frequency is above or below reso-
nance.

Although the current flow through the circuit in Fig. 33 is
minimum at resonance, the current circulating within the
circuit may be very high. This is due to what is called the
“fly-wheel” effect of the circuit. The capacitor stores a
charge first in one direction and then the other. The capaci-
tor must discharge through the coil and in doing so it passes
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a current through the coil. The current builds up a magnetic
field around the coil. When the capacitor is completely dis-
charged, the field around the coil collapses and self-induction
causes a current to flow which charges the capacitor with a
polarity opposite that of its original charge. This process,
called “oscillation”, keeps repeating and would continue in-
definitely if power were not lost due to the resistance in the
circuit. Since the circuit acts like a storage tank, the par-
allel resonant circuit is often referred to as a tank circuit.

CURRENT —»
CURRENT —&

FREQUENCY —&

FREQUENCY —&
Low IIQTM L l& ANCE

Fig. 34.—Selectlvity of series clrcalt.

The formula for finding the frequency at which a given
series or parallel circuit will be resonant is:

1
Fo = ———
2xJLC

47. Selectivity of Resonant Circuits.—In the previous dis-
cussion it was stated that series-tuned and parallel-tuned
circuits are often used to pass one frequency and reject
others. The selection of a single frequency by a circuit is
possible only in theory. Actually the resistance present in
all tuned circuits modifies this effect so that a “band’” of fre-
quencies will be passed. The amount of resistance determines
the width of the band. Consider the series-tuned circuit and
its “resonance curve” shown in Fig. 34. At frequency “a”
the impedance of the circuit is mainly capacitive and negli-
gible current flows in the circuit. As the frequency ap-
proaches resonance, Fo, the current increases because the
impedance decreases until, at resonance, inductive and ca-
pacitive reactance cancel each other, leaving only the re-
sistance to limit the current. If the resistance of the circuit
is low, the current will rise sharply approaching resonance
and decrease sharply beyond resonance. As a result, the
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band of frequencies in the range b to ¢ will be passed by the
circuit.

When the resistance of the circuit is increased, the current
that flows at resonance is reduced and as a result, the top
of the curve is flattened or broadened as shown in Fig. 34B.
The band of frequencies that pass through the circuit is thus
effectively increased.

Fig. 35 shows the current-frequency relationship in a par-
allel tuned circuit.

Since the impedance of a parallel tuned circuit is greatest
at resonance, the current through the circuit will be at a
minimum, increasing above and below resonance. Decreas-
ing the value of resistance in the circuit, decreases the cur-
rent flow, increasing the selectivity. As the resistance is
increased, the current will increase and the curve will be as
shown by B. Note that reference is made to current passing
through the circuit and not to that circulating in it. The se:
lectivity of a parallel-tuned circuit is broadened by increased
resistance just as in the series-tuned circuit.

! | -

. a RESISTANCE

& Low

g RESISTANCE
RO

FREQUENCY —&
Fig. 35.—Selectivity of a parallel eircuit.

48. Q Factor.—The Q of a capacitor or coil is a rating of
its merit or quality. A perfect capacitor or coil would have
no resistance. Since all coils and capacitors have some re-
sistance, the term Q is used to indicate the relationship be-
tween their reactance and resistance. The Q of a coil or
capacitor is equal to its reactance divided by its resistance.
It is expressed by the formula:

X
Q = —
R

The term Q is also used in reference to tuned circuits. A
perfect tuned circuit would have no losses and would be in-
finitely selective. Since all tuned circuits include some re-
sistance and the resistance of a tuned circuit determines its
selectivity, the Q of a resonant circuit gives an indication of
the selectivity of the circuit. The higher the Q of a circuit,
the greater its selectivity. In practical circuits only the re-
sistance of the coils need be considered at low frequencies.
At very high frequencies, the resistance of capacitors must
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also be taken into consideration.

49. L/C Ratio.—The selectivity of a tuned circuit can be
increased by increasing the L/C ratio. This is done by in-
creasing L. and decreasing C. The L/C ratio affects the cir-
cuit as illustrated in Fig. 36. Curve A is the resonance curve
of a series circuit tuned to 1000 c.p.s. with given values of L,
C and R. The current in the circuit decreases on either side

CURRENT —»

FREQUENCY —»
Fig. 36.—Effect of changing L/C ratlo.

of resonance since the reactances no longer cancel and one,
either inductive or capacitive, predominates. If the value of
L is doubled and that of C is halved, the resonant frequency
will be the same. However, at any frequency below reso-
nance, the capacitor will now offer twice as much impedance.
The decrease in current below resonance is thus more rapid.
Above resonance, since L has been doubled the reactance of
L is doubled causing the current to decrease more rapidly.
The result is illustrated by curve B in Fig. 36. The higher
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Fig. 37.—Coupling methods.

the L/C ratio, the more selective is the tuned circuit.

50. Coupling.—To transfer energy from one circuit to an-
other, some form of coupling must be used. Several types of
couplings commonly used in radio equipment are illustrated
in Fig. 37. A, B, and C are called direct coupling. In these
circuits, a component has been made common to both the
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primary and secondary circuits. The common component in
A is resistor R. B and C are identical except that an induc-
tance is used in B and a capacitance in C.

The circuits of Fig. 37 D, E and F are indirectly coupled.
In D capacitive coupling is used. In E inductive coupling is
used. F illustrates another type of inductive coupling called
link coupling. This type of coupling has the advantage of
not requiring that the coupled circuits be located close to-
gether. In addition, it is helpful in minimizing stray capaci-
tive coupling.
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Flg. 38.—Effect of coupling on selectlvity.

51. Coefficient of Coupling.—The term used to express the
degree of coupling between two coils is “coefficient of coup-
ling”. It is usually expressed as a decimal part of one and is
determined by the formula:

M
k =
JLIL:
Where k — coefficient of coupling
M = mutual inductance
In — inductance of one coil

L: — inductance of the other coil

Power transformers usually have a 0.98 or 0.99 coefficient
of coupling; whereas tuned radio-frequency transformers may
have coupling coefficients as low as 0.05.

When tuned r-f transformers have a high coefficient of
coupling, they are said to be tightly coupled, and the tuning
of the circuits is affected in the same manner as when re
sistance is added to a circuit. The result is to lower the Q
and broaden the response curve as shown in Fig. 38. The
effective reflected resistance is labelled R.

Fig. 38A illustrates medium coupling and the resonance
curve which results. The reflected resistance R is sufficiently
small so that little broadening of the response curve occurs.
A loosely coupled circuit, shown in Fig. 38B, has a very high
Q and resulting sharp selectivity.

The type of coupling best suited for radio use is some value
between loose and tight coupling. The maximum transfer of
energy at the resonant frequency is obtained at the point
called “critical coupling”. At this point, the energy transfer
is maximum and the selectivity of the circuit is comparative-
ly sharp. Tighter than critical coupling results in further
broadening of response.
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Section 2

VACUUM TUBES

1. A vacuum tube consists of an evacuated envelope con-
taining two or more electrodes. One of these electrodes is
called the cathode. It emits electrons when heated. A second
electrode, called the anode or plate, is operated at a positive
potential with respect to the cathode and attracts or collects
the emitted electrons. In more complex vacuum tubes, other
electrodes, called control grids, screen grids, and suppressor
grids, are added to control the flow of emitted electrons.

2. Thermonic Emission.—The atom is composed of a posi-
tively charged nucleus and a number of electrons which bal-
ance its positive charge. The electrons are in constant mo-
tion about the nucleus. Some of the electrons, in certain
materials, are not firmly bound to the nucleus and are able to
pass from the influence of one atom to that of another. These
electrons are referred to as “free electrons”.

The velocity at which the electrons move about increases
with increasing temperature. If the temperature is increased
sufliciently, the velocity of the free electrons will be great
enough so that some of them will leave the conflnes of the
substance. This action is called thermonic emission.

3. Cathode.—The electron emitting electrode in a vacuum
tube is referred to as the cathode. It is constructed of, or
coated with, a good electron emitting material such as thori-
ated tungsten or metallic oxide. The temperature to which the
cathode must be heated before electron emission occurs is
extremely high; ranging from approximately 700° C. for oxide
coated cathodes, to 2200° C. for pure tungsten cathodes. If
these temperatures were attained in open air, the oxygen pres-
ent would destroy the cathode. For this reason, the cathode
and other elements of a vacuum tube are enclosed in an en-
velope from which almost all air has been exhausted.
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4. Thoriated-Tungsten Cathodes.—Thoriated-tungsten cath-
odes are made from tungsten to which a small quantity of
thorium oxide has been added. After the cathode has been
formed, it is heated to a high temperature in order to reduce
the thorium oxide to thorium. The cathode is then placed in
a vacuum and heated to slightly above normal operating tem-
perature in order to permit some of the thorium to work its
way to the surface of the cathode, where it deposits in a thin
layer. It is from this layer that emission takes place. As
the layer of thorium is dissipated, it is replaced from within
the cathode. A thoriated-tungsten cathode will last for several
thousand hours of use after wiich the thorium will be almost
completely dissipated and the emlssion from the cathode will

L

Fig. 1.—A. Indirectly heated cathode.
1B. Directly heated cathode.

decrease rapidly. Thoriated-tungsten cathodes are operated
at approximately 1700 degrees centigrade.

5. Oxide-Coated Cathodes.—Oxide-coated cathodes consist
of a metallic base which has been coated with a suitable oxide.
Nickel alloy is the most wldely used base material; while a
mixture of barium and strontinm oxide is generally used for
the coating. The oxide coating is formed by: depositing
barium and strontium carbonates on the base material; plac-
ing the cathode in the tube; and heating it to a temperature
considerably above normal operating temperature for a short
period. This reduces the carbonates to oxides and releases
carhon dioxide which is then drawn from the tube.

Oxide-coated cathodes are very efficient emitters, requiring
very little heating power to produce sufficient electron emis-
gion for the operation of a vacuum tube. They operate at
temperatures between 700 and 750 degrees centigrade. They
are seldom used in tubes operating at plate voltages in excess
of 600 volts, because the cxide coating is easily damaged when
struck by the positively-charged ions of gas which are present
in vacuum tubes.

6. Indirectly Heated Cathodes.—One type of cathode widely
used is heated by indilect means. Indirectly heated cathodes
are usually cylindrical in shape as shown in Figure 1A. The
top of the cylinder is closed. Inside the cylinder, close to its
walls but insulated from it, is a heater eement called the fila-
ment. The cathode is heated by passing a current through
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the filament which heats up and in turn heats the cathode.

This construction has the disadvantage of requiring a com-
paratively heavy current to heat the cathode to proper operat-
ing temperature. Heating the cathode indirectly in this man-
ner also has several advantuges. Alternating curreni may be
used to heat the filament without introducing a 60 cycle varia-
tion in the electron flow from the cathode which might be
superimposed on the signal. In addition, a number of fila-
ments can be connected in series to operate from the same
source of power. This latter often makes possible more
economical construction of equipment.

7. Directly Heated Cathodes.—This type of cathode, also
referred to as a filament.cathode, is heated by passing a cur-
rent directly through the electron emitting element. Direct
current is usually required because alternating current intro-

"Fig. 2.—Dlode construction.

duces a 60-cycle variation in the cathode emission. Since the
heating current is passed directly through the cathode, less
power is required for a filament cathode than for an indirectly
heated cathode. An example of filament type cathode con-
struction is shown in Figure 1B.

8. Diode.—The diode, shown in Figure 2, is the simplest
type of vacuum tube. It contains a cathode, either directly or
indirectly heated, and a second electrode called the plate.
The plate is constructed so that it surrounds the cathode.
External connections to the elements of the tube are made
through leads which are brought out through the base of the
tube.

9. Plate Current in a Diode.—When the cathode of a diode
is heated to operating temperature, electrons leave the surface
of the cathode, as shown in Figure 3A. Since the plate of the
diode is positive with respect to the cathode, the plate attracts
the electrons emitted by the cathode and a current fiows in the
external circuit. The number of electrons attracted to the
plate is determined by the value of positive voltage applied
to the plate. Assume that the plate is connected to point A
on the battery. Note that the plate is now negative with re-
spect to the cathode. The negative voltage on the plate will
repel electronis and no plate current will flow through the
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tube. This is represented graphically in Figure 3B. When
the plate tap on the battery is advanced to point B, the plate
and cathode are at the same potential. The plate neither at-
tracts nor repels electrons; however, due to the velocity with
which the electrons leave the cathode, a few electrons will
hit the plate and cause a very slight plate current flow. This
is known as the Edison effect.

Advancing the tap on the battery to point C makes the plate
positive with respect to the cathode causing plate current to
flow. If the plate is advanced to point D the plate is made
more positive and the current through the tube is further in-
creased. Current flows through the tube only when the plate
is positive with respect to the cathode. Thus the circuit is
complete through tlie tube when the plate is positive but is
open when the plate is negative.

10. Space Charge.—When the cathode of a diode is heated
and no plate potential is applied, the electrons emitted by the
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Fig. 3.—Plate current flow In a diode.

cathode gather around it in a cloud. The number of electrons
in the cloud is always the same for a given cathode tempera-
ture. The limit on the number of electrons surrounding the
cathode is imposed by the negative charge of the electrons in
the cloud. This charge is referred to as the “space charge’.
Since the electrons being emitted are negatively charged, the
negative space charge repels them, forcing them to fall back
to the cathode. When plate voltage is applied, electrons in
the cloud are drawn to the plate. These electrons are then
replaced by new electrons, emitted from the cathode because
of the reduction in the space charge which results when elec-
trons are drawn to the plate.

The space charge thus acts in a manner opposite to that of
the plate potential; it tends to prevent electrons from being
emitted, while the plate ténds to permit more electrons to be
emited. Thus the space charge impedes the flow of plate cur-
rent and determines the amount of plate current flow through
a tube for a given piate voltage. This is true only when the
number of electrons emitted is in excess of the plate current.
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When all of the electrons emitted are drawn to the plate, the
plate current is limiled by the saturation effect.

11. Saturation.—As electrons are drawn fiom the cloud sur-
rounding tke cathode, the repelling force of the space charge
is reduced permitting the cathode to emit more electrons. If
the plate voltage is slowly increased, electrons will be drawn
to the plate more and more rapidly. Since the maximum num-
ber of electrons which the cathode will emit remains the same
with constant cathode current, a value of plate potential will
be reached at which all of the electrons emitted by the cath-
ode will be drawn to the plate. Increasing the plate potential
beyond this value will not produce a corresponding increase
in plate current. The value of plate current at which this
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Fig. 4.—Diode used In rectifier circuit.

occurs is referred tc as the saturation current and the place
on the plate-voltage, plate-current curve corresponding to it is
caiied the saturation point. It is represented by point S in
Figure 3B.

12. Rectification.—As previously explained, electrons will
flow from the cathode ot a diode to its positively charged plate,
but they will not flow from the plaie to the cathode. This
property of the diode is used to rectify alternating current.
Figure 4 is a simple schematic of a diode used in a rectifying
circuit. The cathode shown is of the indirectly heated type;
the actual heater-element is not shown for purposes of sim-
plicity. Each time point A of the transformer swings positive,
the plate attracts electrons emitted by the cathode. The path
of these elecirons through the external circuit is shown by the
arrow. This electron flow through the resistor causes a volt-
age to be developed across it. When point A becomes nega-
tive, during the next alternation of the input voltage, the plate
is negative and no current flows in the external circuit. The
shape of the output voltage wave is as shown in the illustra-
tion; the dotted line is the negative half cycle of the input
which is eliminated in the output. Althcugh the output volt-
age is still varying, it is always positive and therefore is a
d-c voltage.

Rectification is the major use to which diode tubes are put,
both in power supply and signal circuits.

13. Triode.—As its name implies, a triode vacuum tube
contains three elements. Two of these, the plate and the
cathode, are the same as the corresponding elements of a
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diode. The third element is known as the control grid and is
placed between the plate and the cathode as shown in Figure
5. The control grid is constructed of wire wound around
supports with fairly large openings between turns. The
material from which the grid is constructed must be one that
does not readily emit electrons. The most common of the
materials employed is mangenese nickel. The grid structure

Fig. 5.—Triode comstruct ion.

extends the full lengtl: of the cathode and all of the electrons
which flow from the cathode to the plate must pass through it.

14. Grid Action.—The purpose of the grid is to control the
flow of electrons from the cathode to the plate. The grid is
normally operated ai a negative potential. Figure 6 illustrates
how the various potentials are applied to a triode. The cathode
is negative with respect to the plate and the grid is negative
with respect to both the plate and the cathode. Since the
plate is positive, it attracts electrons from the cathode, just
as it does in a diode. The electrons must pass through the
openings in the grid in order to reach the plate, and thus they

sl

¥ig. 6.—How potentinls are appHed to a triode.

are acted upon by the negative charge on the grid. This
charge repels the eclectrons, acting in a manner opposite to
that of the positive charge on the plate. As a result, the plate
current flow is less than it would be if the grid were not pres-
ent. If the grid is made sufficiently negative, its repel-
ling force will be greater than the attraction of the plate and
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no curient will flow throuh the tube. Electrons do not enter
the grid itself as long as it is negative.

If the grid is made positive with respect to the cathode, it
will attract electrons from the cathode. Most of the electrons
attracted by the grid will pass through the grid to the plate
because of the greater attraction of the plate. Thus the plate
current will be greater with a positive grid than it would if
the grid were not piesent. When the grid is positive some of
the electrons passing from the cathode to the plate will be
drawn Lo the grid, causing current to tiow in the grid circuit.

The great importance of the grid lies in the fact that a given
change in grid voltage will produce a greater change in plate
current than will an equivalent change in plate voltage. An-

Fig. 1.—Effects of grid and plate voltage changes on the
plate current of triode.

other way of stating this is to say that a small change in grid
voltage will produce the same change in plate current as will
a much larger change in plate voltage. The grid Las this
ability because it is located closer to the cathode than the
plate. Consequently, if equal potentials are applied to the
plate and grid, the field of force of the grid will have more
effect on the electrons near the cathode, because the effective-
ness of a field increases with decreasing distance.

It is this characteristic of the triode which makes amplifi-
cation possible. A small voltage change applied to the grid
is amplified into a large voltage change in the plate circuit.

15. Triode Characteristics.—The effects of changes in grid
voltage and plate voltage on the plate current of a vacuum
tube can be depicted graphically as shown in Figure 7. This
type of curve is commonly used to show the characteristics of
individual tube types.

Figure 7A illustrates the manner in which the plate current
changes when the plate voltage is varied. Four curves are
shown, each for a different fixed value of grid voltage. Each
curve illusirates the change in plate current which occurs as
the plate voltage is varied and while the grid voltage remains
fixed at the value indicated on the curve. These curves are
known as plate characteristic curves, and the group is referred
to as a family of curves. As an example of how the curves are
used, refer to the curve marked —4. The —4 indicates that
the curve is the plate characteristic when the grid voltage is
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fixed at —4 volts. The curve tells us that a plate voltage of
100 volts will give a plate current of approximately 2 milli-
amperes, and that if the plate voltage is increased to 150 volts,
the plate current will rise to 6 milliamperes. The curve thus
makes it possible to predict the plate current of the tube at
any value of plate voltage in the usable range.

Figure 7B shows the transfer characteristic family of curves
of a vacuum tube. These curves convey much the same infor-
mation as the plate characteristic curves. They illustrate the
manner in which the plate current of the tube changes when
the grid voltage is varied. This time the plate voltage re-
mains fixed. Four curves are shown; one for each of four
different values of plate voltage. The plate and transfer
characteristic curves illustrate the static characteristics of
the vacuum tube and are useful in circuit design.

16. Amplification Factor—As previously mentioned, it is
possible to amplify a voltage using a triode connected in a
suitable circuit. The relative ability of a tube to amplify a
voltage applied to its grid is expressed by its amplification
factor. The amplification factor relates the effects of grid
voltage and plate voltage on the plate current. The ratio of
the change in plate voltage required to produce a given change
in plate current, to the change in grid voltage required to pro-
duce the same change in plate current is the amplification
factor of the tube.

If a 20 volt change in the plate voltage of a tube is required
to produce the same change in plate current that is produced
by a 1 volt change in grid voltage, the amplification factor of
the tube is 20.

17. Plate Resistance —It is apparent from the previous dis-
cussion that a vacuum tube offers resistance to the flow of
current through it. The resistance of a vacuum tube is not
the same as that of a conductor, and consequently it does
not follow Ohin’s Law. In vacuum tubes, we are interested in
the effects of plate voltage changes on the plate current;
consequently the term plate resistance is used to express the
relationship between plate voltage change and plate current
change in a tube.

The dynamic plate resistance of a vacuum tube is expressed
by the formula:

dEp
Rp =
dIp
Where: Rp = dynamic plate resistance in ohms
dEp = small change in plate vollage

dIp = change in plate current produced by dEp

The plate resistance of a tube is not always the same.

Generally it will change as the voltages applied to the tube
are changed.

18. Transconductance.—This term expresses the effect of

grid voltage upon the plate current of a tube. The grid-plate
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transconductance of a tube is equal to a change in plate cur-
rent divided by the change in grid voltage necessary to pro-
duce the plate current change. Grid-plate transconductance
is often called mutual conductance. It may be expressed by
the formula:

dIp
8m — (with plate voltage constant)
dEg
Where: gm — transconductance in mhos
dIp — small change in plate voltage
dEg — the change in grid voltage necessary to pro-
duce dlp

19. Amplification.—It is possible to transform a small volt-
age change to a larger voltage change using a triode in a

\

PLATE
RESISTOR

VARIABLE

SRt —L—

C SUPPLY B SUPPLY
Fig. 8.—Amplifying circuit using triode.

suitable circuit. The voltage change to be amplified is ap-
plied to the grid of the tube. By converting the change in
plate current produced by the grid voltage change, to
a change in voltage at the plate, an amplification of the
original voltage change at the grid is realized. Current flow-
ing through a resistor will produce a voltage drop across the
resistor in accordance with Ohm’s Law. Varying the current
through the resistor will vary the voltage across it. If, then,
a resistor is connected in series with the plate circuit of a
tube as shown in Figure 8, the plate current change produced
by the grid voltage change will be converted into a voitage
change at the plate.

The curves of Figure 9A illustrate graphically how ampli-
fication takes place in the circuit of Figure 9B. The grid volt-
age is —3 volts. The plate voltage is 300 volts and a 20,000
ohm resistor is connected in series with the plate circuit. A
source of varying voltage is connected in series with the grid
circuit. The plate current curve in Figure 9A indicates that
at a grid voltage of —3 volts, a plate current of 5 milliamperes
will flow. This condition exists when the varying voltage
connected in series with the grid circuit is zero. A current
flow of 5 milliamperes through the resistor causes a voltage
drop of 100 volts across it with the polarity indicated. Sub-
tracting this voltage drop from the plate supply potential
leaves a voltage of 200 volts present at the plate.

If the signal voltage in series with the grid circuit varies up
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and down causing the voltage at the grid to swing 1 volt more
and then one volt less than —3 volts, that is from —2 volts to
—4 volts or a total change of 2 volts, the plate current will
vary from 2.5 milliamperes to 7.5 milliamperes, a variation of
5 milliamperes.

The voltage drop across the resistor with the lowest value
of current, 2.5 ma., will be 50 volts. Subtracting this from
the supply voltage of 300 volts, the plate voltage is found to
be 250 volts. When the grid reaches its maximum potential
in the positive direction (—2 volts), a plate current of 7.5
milliamperes flows causing a voltage drop of 150 volts across
the resistor. This reduces the plate voltage to 150 volts; thus,
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Fig. 9.—Curves showing how amplifieation tukes place.

a grid voltage change of 2 volts has caused a plate voltage
change of 100 volts, from 150 to 250 volts. This represents an
amplification of 50. The presence of the resistor in the plate
circuit, called the plate load resistor, made it possible to con-
vert the plate current variation to a plate voltage variation.
It should be noted that the plate voltage variation is an a-c¢
voltage superimposed on a d-¢ voltage. Another important
fact to be remembered is that when the grid voltage reached
its maximum negative point, the plate voltage reached its
maximum positive point. The signal voltage across the plate
load resistor is therefore inverted in phase in respect to the
original grid signal.

20. Power Vs. Voltage Amplification.—In voltage amplifiers,
the voltage amplification secured is of primary importance.
For this reason, they are designed to give the maximum out-
put voltage for a given input voltage. To accomplish this,
tubes haviug large amplification factors are used in combina-
tion with large values of plate load resistance.

Power amplifiers are designed for the purpose of delivering
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power to a load. An example of a power amplifier is the out-
put stage of a receiver which delivers power to the loud-
speaker. Since voltage amplification is not important in
power amplifiers, tubes having large amplification factors are
not necessary; instead tubes having large mutual conduc-
tances are employed. The load impedance is chosen for maxi-
mum power transfer to the load. This occurs when the load
inipedance is equal to the plate resistance of the tube. In
most applications, the load impedance is made approximately
twice the plate resistance to minimize the distortion which
occurs in the amplifier. Power amplifiers are usually trans-
former coupled to the load as shown in Figure 10. In such a

2r

Flg. 10.—Transformer coupled power amplifier,

circuit, the loudspeaker usually has an impedance of a few
ohms while the optimum load impedance for the tube is
several thousand ohms. The transformer makes it possible
to satisfy the conditions of the amplifier circuit with respect
to output impedance, at the same time making it possible to
transfer maximum power to the loudspeaker.

21. Plate Efficiency.—In a power amplifier, the a-c power
delivered to the load originally came from the d-c plate supply.
The d-¢ power from the plate supply is transformed to a-c¢ by
the amplifier. Not all of the power consumed by an amplifier
is transformed to useful output; thus, the plate efficiency of
an amplifler is always less than 1009,. The plate efficiency of a
power amplifier is equal to the power output in watts divided
by the product of the average d-c plate current and the aver-
age d-c plate voltage. It is expressed by the formula:

Po
plate efficiency (%) = —— X 100
Ep X Ip

22, Power Sensitivity.—Two terms are commonly used
when referring to the amplitying ability of power ampliflers.
The term power amplification is used to refer to the amplifl-
cation of a power amplifier when the grid circuit of the ampli-
fier absorbs power. Power amplification is the ratio of the
power output to the power consumed in the grid circuit.

When a power amplifier is operated so that its grid is always
negative, its grid circuit does not absorb power. When re-
ferring to the amplifying ability of such an amplifler, the term
power sensitivity is used. Power sensitivity is the ratio be
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tween the power output of an amplifier and the square of the
a-c grid voltage required to produce it. It is expressed by the
formula:

Po
Power sensitivity —
Eg*
Where: Po — power output in watts

Eg* — rms input signal volts
23. Interelectrode Capacitance.—Two conductors separated
by a non-conductor form a capacitor. An examination of a
vacuum tube will show that this condition is satisfied by the
plate and the grid, by the grid and the cathode, and by the
cathode and the plate. While the capacitors formed by these
CATHODE PLATE
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Fig. 11.—Construction of tetrode vacuum tube.

elements might seem to be too small to effect the operation of
the tube, the opposite is true. In many applications, inter-
electrode capacitance has important effects on the operation
of vacuum tube circuits. The grid-plate capacity has the
greatest effect, and an additional element has been added to
many vacuum tubes to minimize this capacitance.

24. Tetrode.—The construction of a tetrode vacuum tube
is shown in Figure 11. This type of tube is essentially the
same as the triode except for the addition of a second grid
called the screen grid. The screen grid is similar to the con-
trol grig in construction ard is located betwen the control grid
and the plate. The screen grid acts as an electrostatic shield
between thie grid and the plate, greatly decreasing the grid-
plate capacitance. It also prevents the positive fleld surround-
ing the plate from attracting elections from the cathode; thus
no plate current can flow through the tube. To overcome this
difficulty, a positive potential is applied to the screen. This
positive potential attracts electrons from the cathode to the
screen. By tne time these electrons reach the screen, their
velocity is high enough to carry most of them through the
openings in the screen. Once through the screen, they may
be attracted by the positive charge on the plate. Since some
of the electrons do strike the screen, current flows to the
screen grid.
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To act as an effective shield, the screen grid must be con-
nected to the cathode. Since a positive charge must be placed
on the screen to permit the tube to operate, it is not possible
to connect the screen directly to the cathode. This problem
is solved by providing a low impedance path, in the form of a
by-pass capacitor, for the frequency at which the tube is
operating.

The addition of the screen grid has another effect on the
tube which is useful particulariy in tubes designed for use as
audio frequency power amplifiers. The screen makes possible
large values of plate current low with comparatively low plate
voltage as compared to the triode. This is true because the
screen accelerates the passage of the electrons from the
cathode to the plate. Consequently screen grid tubes have
higher power sensitivity than triodes because a triode must
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Fig. 12.—Plate characteristic curves of a pentode.

have a very low amplification factor in order to permit high
plate current at comparatively low plate voltage.

25. Secondary Emission.—When electrons, traveling from
the cathode to the plate, reach the plate, they strike it with
sufficient force to dislodge electrons from the plate. The dis-
lodged electrons are thrown out into the space between the
elements of the tube. In a triode, these electrons are im-
mediately drawn back to the plate by its positive charge. In
screen grid tubes this is not always the case. Some of the
dislodged electrons may be attracted to the screen by its
positive charge. As a result, current will low from the plate
to the screen. This effect does not occur when the plate poten-
tial is considerably above that of the screen. It begins as
the plate potential is reduced and increases rapidly as the
plate potential approaches that of the screen. The net result
of secondaiy emission in a tetrode is to reduce the permissible
plate voltage swing. For this reason, the tetrode has been
largely superseded by the pentode.

26. Pentode.—In the pentode, a third grid has been added
to overcome the effects of secondary emission. This grid is
referred to as the suppressor grid. It is located between the
screen grid and the plate. The suppressor grid is connected



SECONDARY EMISSION 67

to the cathode, making it negative with respect to the plate.
It therefore repels the secondary electrons forcing them to
fall back to the plate. It does not effect the electrons travel-
ing from the cathode to the plate because they have a velocity
great enough to carry them through the suppressor grid
structure.

Figure 12 shows the plate characteristic curves of a typical
pentode. These curves indicate that the plate current of a
pentode is almost independent of plate potential except at

Fig. 13.—Grid structure of a varlable-mu tube.

comparatively small values of plate potential. The curvature
in the low plate potential region is due to the fact that the
plate does not have sufficient attraction to prevent some elec-
trons which have passed through the screen from being at-
tracted back to the screen. Note that the curved portion of
the chalacteristic occurs when the plate voltage is consider-
ably less than the screen grid voltage. Th pentode is char-
acterized by high plate resistance and amplification factor.
Amplification factors in excess of 1000 and plate resistances
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Fig. 14.—Grld voltage, plate current eurve of sharp and
remote cut-off tubes.
greater than one megohm are obtainable in this type of tube.

27. Variable-Mu Tubes.—It is possible, by using a nonuni-
form grid structure to design a tube which will possess a
variable amplification factor. The grid of such a tube is con-
structed as illustrated in Figure 13.

Note that the grid wircs are closer together near the ends
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of the grid than they are at the center of the grid. In an
ordinary tube the grid wires are all evenly spaced.

With an evenly spaced grid structure if the grid voltage is
gradually reduced, a value will be reached at which plate
current will cease to flow, as shown in Figure 14. The point
on the grid-voltage, plate-current curve at which this takes
place is called the cut-off point, and such a tube is called a
sharp cut-off tube.

SCREEN

Fig. 15.—Construction of a beam power pentode.

When the nonuniform grid structure previously discussed
is used, the plate curient will not cease as suddenly as it does
in a sharp cut-off tube; instead it will decrease gradually and
in a more linear manner as the grid voltage is decreased.
For this reason, such a tube is often referred to as a remote-
cut-off tube. The remote-cut-off or variable mu tube operates
in this manner because as the grid voltage is reduced, electron
flow first ceases through the ends of the grid where the grid
wires are close togather. As the voltage is further decreased,
more and more of the grid structure is closed to the passage
of electrons; thus, the effectiveness of the grid in controlling
the flow of plate current is less as the grid becomes more nega-
tive, because less of the grid structure is still effective. This
results in a variation in the amplification factor of the tube.

Variable mu tubes have the advantage of being able to
handle large grid signal amplitudes before plate current is
cut-off or their grids are driven positive.

28. Beam Power Tubes.—The construction of a beam
power tube is illustrated in Figure 15. The tube contains a
cathode, control grid, screen grid, plate and two beam forming
plates. The openings in the control and screen grids are
aligned so that electrons may travel through them in straight
paths. This type of grid construction tends to confine the
flow of electrons to a number of sheetllike paths extending
from the cathode through the openings in the grids to the
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plate. The beam forming plates are connected to the cathode
and further concentrate the electron paths. As a result of this
concentration of electrons in the region between the screen
and the plate, a high-density space charge is created which
suppresses secondary emission at the plate. The beam form-

oing plates are so placed that they provide suppressor action
in the areas not covered by the space charge.

This type of construction has the advantages of high power
sensitivity, high power output, and high efficiency. Because

Fig. 16.—Electrode positioning in a heptode.

of these advantages, the b2am power tube has largely replaced
other types in a-f and r-f power amplification applications.

29. Multi-element Tubes.—Several special tube types using
more than three grids have been designed. Among them are:
the hexode, in which four grids are used; the heptode, in which
five grids are used; the pentagrid converter, in which five
grids are used; and the octode, in which six grids are used.
The major use of all of these tubes is as frequency converters
and mixers in superhetrodyne receivers.

LATOR ANODE
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Fig. 17.—Electrode positioning in » pentagrid converter.

Figure 16 illustrates the electrode positioning of a heptode.
Grids 2 and 4 are screen grids, grid 5 is the suppressor grid,
grid 1 is a control grid to which the received signal is ap-
plied, and grid 3 is a second control grid to which the local
oscillator voltage is fed. In the 6L7, a typical heptode, the
number 1 grid gives a variable mu characteristic, while the
number 3 grid has a sharp cut-off characteristic.
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The pentagrid converter is essentially the same as the hep-
tode except for the addition of collector plates to its number 2
grid as shown in Figure 17. This tube is used as a converter
by connecting grids 1 and 2 in an oscillator circuit. Grid
number 2 acts as the plate of the oscillator and grid 1 is the
oscillator grid. The received signal is applied to grid 3.
Grid 4 is a screen grid and grid 5 is a suppressor grid.

30. Multi.Unit Tubes.—For purposes of economy and to
save space, a large number of multi-unit tubes have been de-
signed. Such tubes are capable of performing the functions
of two and sometimes three separate tubes. Among the types
that are frequently encountered are dual diodes dual triodes,
triode pentodes, twin-diode pentodes, diode-triode pentodes,
ete.
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Section 3

RESISTORS

1. Resistors are circuit elements used to reduce or limit
the current flowing in a circuit, or to produce a required volt-
age drop. Resistors may be classified as fixed, adjustable and
variable. They are rated according to their resistance and
their ability to dissipate power. Values used in radio circuits
range from a fraction of an ohm to ten or more megohms, and
from less than one wati to over a hundred watts.

4
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Fig. 1.—One mil foot.

2. Specific Resistance.—The specific resistance of a
material is the resistance of a conductor, made of the material,
one foot long with a cross-sectional area of one circular mil,
as shown in Fig. 1. The resistance of a copper conductor one
foot long with a cross section of one circular mil is 10.55 ohms
at 0 degrees centigrade, and therefore the specific resistance
of copper is 10.55 at 0 degrees centigrade. Table 1 shows the
specific resistances of common materials. The resistance of
a conductor can be found, when the specific resistance of the
material of which it is composed is known, from the formula:

R — p—

4
Where p is the specific resistance of the material, 1 is the
length in feet and A is the cross-sectional area in circular mils.

3. Temperature Coefficient of Resistance.—The resistance
of a conductor changes with changes in temperature. The
amount of change which takes place depends among other
things upon the material used in the conductor. The resist-
ances of some materials change more than others with varia-
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tions in temperature. The term used to indicate this character-
istic of macerials is ‘‘temperature coefficient of resistance’.
1t is usually expressed as the change in resistance in ohms
per degree centigrade, ot a conductor, of given material.
one foot long having a cross-sectional area of one circular mil,
Table 1 gives the temperature coefficients of common mate-
rials. Resistors are made of materials having low temperature
coefficients in order to minimize changes in resistance with
changes in temperature.

MATERIAL SPZCIFIC RESISTANCE TEMPERATURE CCEFFICIENT

AT 0 DEG. * IN OHMS/DEG. *

SILVER 9.75 0.004
CCPPER 10.55 0.004
ALUMINUM 17.3 0. 0039
IRCN 61.1 0. 0062
LEAD 114.7 0. 0041
MANGANIN 290.0 0. 00002
CCNSTANTIN 294.0 0. 00002
NICHROME 650. 0 +CENTIGRADE 0.00017

4. Reslistance Wire.—Table 1 shows that copper has one of
the lowest specific resistances. It is for this reason that cop-
per is widely used in conductors when a minimum of resis-
tance is desired. Other materials, having comparatively high
specific resistances, are used when it is desired to introduce
resistance into a circuit. Those materials most suitable for
use in resistors combine comparatively high specific resistance
with low temperature coefficient and high working tempera-
ture. The materials used in resistors are in most cases alloys
of metals, formulated to obtain characteristics nearer to those
of an ideal material. Nichrome has one of the highest permis-
sible operating temperatures and is used in resistors with high
power ratings. Manganin and constantan are used in pre-
cision resistors because these materials have temperature
coefficients which approach zero.

5. Skin Effect.—When direct current is passed through a
conductor, the flow of current is uniformly distributed through-
out the cross section of the conductor. Such is not the case
when an alternating current is passed through a conductor.
The alternating current tends to concentrate near the surface
of the conductor, greatest current flow being at the surface
with a gradual decreasing in current flow as the center of the
conductor is approached. This phenomena is referred to as
skin effect. It is due to the magnetic fleld set up in and around
a conductor when a current passes through it. The effect on a
conductor or resistor is to increase its effective resistance.
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Skin effect increases with frequency and resistance. It is
negligible at frequencies below 100 kc. Above this frequency
it may be minimized by proper design.

6. Wire-Wound Resistors.—A wire-wound resistor consists
of resistance wire wound on a suitable form. The material
used in the form or core of the resistor depends upon the
rating and purpose for which the resistor is intended. Among
‘the materials used are mica, bakelite, ceramics and glass fiber.
The exteriors of most wire-wound resistors are coated or
covered to protect the windings.

Several types of wire-wound resistors are shown in Fig. 2.
The type shown at A is usually wound on a mica, fiber or

Fig. 2.—Wire-wound resistors.

ceramic coated metal strip. Low power types are wound on
mica, bakelite or fiber strips and the windings are left un-
covered. Medium-power types are wound on bakelite or fiber
strips. The windings are covered with bakelite which is in
turn covered wilh metal. Another type of construction, which
is suitable for high power types, consists of a ceramic or
asbestos covered strip used as a winding form. The winding
of this type is usually protected by a ceramic coating or asbes-
tos and metal covering. Low power flat strip resistors are
often provided with taps used to provide filament centertaps,
etc. High power types are used as power supply bleeders,
filament dropping resistors in receivers, and with taps as volt-
age dividers.

The type shown at B is made with ratings of from a few
watts to several hundred watts. The resistance wire in this
type is usually wound on a tubular ceramic form. After wind-
ing, the resistor is coated with a vitreous-enamel or cement
coating. Resistors of this type are made with and without
tape. In addition, a strip along the body of the resistor is
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often left uncoated to permit contact between the winding
and the adjustable sliding contact. This type of resistor is
used for the same purposes as the strip type.

C shows a bakelite moulded wire-wound resistor. This type
is made in ratings of from % to 2 watts. The winding is on a
glass fiber core which is moulded in bakelite. Wire leads are
provided as an integral part of the resistor.

The resistor shown at D is a flexible type. It congists of a
glass fiber core and resistance winding with a braided glass
fiber or textile covering. Flexible resistors are made in power
ratings up to 5 watts.

7. Composition Resistors.—Composition resistors are those
in which the resistance material consists of conducting par-
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Fig. 3.—Carbon resistors.

ticles mixed with a filler and a binder. Variation in resistance
is obtained by varyirg the proportions of the conducting and
filling materials. Composition resistors are made in wattages
of from a fraction of a watt to several watts.

Fig. 3A shows an uninsulated composition type resistor re-
ferred to as a ‘“carbon resistor”. The resistance material is
pressed or molded into a rod which forms the body of the re-
sistor. Wire leads are wrapped around and soldered to the
ends of the rod to provide connections. Since no insulation is
provided, care must be taken when this type of resistor is used
to void contact with other parts of the circuit or chassis.

Fig. 3B shows an insulated carbon resistor. The resistance
material is enclosed in a molded balkelite case. A cross sec-
tion of the constructicn of this type is shown at C.

Fig. 3D is a cross section of a metalized composition resistor.
In this type, the resistance material consists of a metalized
film on a piece of small diameter glass tubing. The resistance
element is enclosed in a molded bakelite case and provided
with wire leads.

8. Radio-Frequency Characteristics of Resistors.—All resis-
tors exhibit some inductance and capacitance in addition to
tbeir reaistance. The equivalent circuit of a resistor thus
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takes the form shown in Fig. 4. Inductance is present when
current flows through a resistor just as it is when current
flows through any conductor. Capacity is present between the
terminals and leads as well as between parts of the resistance
material.

R L

A 1lN

[
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Flg. 4.—Equivalent circuit of a realstor.

As a result of the inductance and capacitance present in a
resistor, its effective resistance at high frequencies is not the
same as its direct current resistance. The change which takes
place depends partially upon the design and upon the mate-
rials used, resulting in an increase in resistance, with fre-
quency, for types of resistors in which inductance predomi-
nates and a decrease in resistance for types of resistors in
which capacitance predominates.

In wire-wound types inductalce predominates, and as a re-
sult, the effective resistance of these units increases with in-
creasing frequency. In addition to the increase due to in-
ductance, a further increase results from skin effect. To
minimize inductance effects in wire-wound resistors, the re-
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Fig. 5.—Non-inductive wire-wound resistors.

sistance wire used should have a high ohmic value per foot to
make the length of wire required as short as possible. Induc-
tance is also decreased by winding the resistor so that adja-
cent turns carry cutrent in opposite directions. This practice
tends to cancel the magnetic fields around adjacent turns.
Several winding methods which result in decreased inductance
are shown in Fig. 5.

In carbon resistors resistance decreases with frequency.
This decrease is brought about by the capacitance between
conducting particles in the resistance material. The flller and
binder in the resistance material act as dielectric materials
increasing the capacitance to further decrease the resistance.
These effects are greater for high resistance units than for
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low resistance units, being negligible for those of less than
100,000 ohms. Skin effect is also present in carbon resistors
but the increase in resistance it tends to create is far less
than the decrease due to capacitance effects.

Metalized film resistors also decrease in resistance with in-
creasing frequency, although the change is a good deal less
than that which takes place in an equivalent carbon resistor.
This improveinent is due to the fact that the thin film of re.
sistance material used has a much higher specific resistance
than the resistance material in carbon resistors. In addition
less filler material is present to act as a dielectric and the

Flg. 6.—Composition and wire-wound variable resistors.

potential difference between conducting particles is lower.
Skin effect is less in metalized film resistors because the con-
ductor is in the form of a thin hollow tube. In this type of
conductor, the current distribution can vary but little with
changing {requency.

9. Noise.—Wlhen current passes through'a composition re-
sistor, the voltage drop across the resistor is not absolutely
constant. Very small changes in potential occur. These varia-
tions are due to changes in contact between the conducting
particles in the resistance material. These tiny voltage varia-
tions across a resistor are referred to as “noise’”. The ampli-
tude of the noise generated in a resistor varies with the size
and composition of the resistor. Because of this noise com-
position resistors are not always suitable for use in the first
stages of high gain amplifiers and other equipment.

10. Variable Resistors.——Both wire-wound and composition
variable resistors are manufactured. A wire-wound variable
resistor consists of a flat strip over which the resistance wire
is wound. The strip is formed into an arc around the pivot
point of 4 rotating slider arm which rides on the edge of the
resistance element as shown in Fig. 6B. Higher power types
are wound on preformed ceramic cores. In applications where
a taper is required, that is a variation in the resistance change
per degree of rotation over different portions of the resistor,
the winding space between turns or the depth of the form is
varied.
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Composition type variable resistors are made in low wat-
tages. They consist of circular bakelite or fiber forms coated
with resistance material as shown in Fig. 6A. A rotating arm
moves a sliding contact, usually consisting of a number of fine
wires, along the surface of the coated form. Composition vari-
ables are more economical than wire-wound types and are
available in much higher resistances and greater variety of
tapers. The composition variable is not adaptable to the
higher power dissipations and is generally not as durable or as
free from noise as is the wire-wound type.
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Section 4 .,

CAPACITORS

1. A capacitor is a circuit element consisting of two con-
ducting surfaces separated by an insulator. The functions of
a capacitor are, to store electrical energy and to permit the
flow of alternating current while blocking the flow of direct
current. Capacitors are usually rated in terms of their elec-
trical capacity, in microfarads or micromicor farads, and the
maximum potential difference which can be placed across
them without damage and/or their maximum recommended
working voltage consistent with long life.

2. Dielectric Materials.—The insulating material placed
between the plates of a capacitor is called the dielectric. The
dielectric of a capacitor may be a vacuum, a gas, a liquid or a
solid. Air is the only gas in wide use as a capacitor dielectric.

MATERIAL DIELECTRIC  POWER FACTOR
CONSTANT IN % AT 1 MC.

"BAKELITE (PAPER BASE) 5.5 3.5
BAKELITE (MICA FILLED) 5-6 0.7
CELLULCSE ACETATE 6-8 3-6
FIBER 4-1.5 5
GLASS (CROWN) 6.2
GLASS (FLINT) 7 0.4
GLASS (PYREX) 4.5 0.2
LUCITE 2.5-3
MICA (CLEAR INDIA) 6.5-7.5 0.02
MYCALEX 6-8 0.3

_ POLYSTYRENE 2.4-2.9 0.03
PCRCELAIN 6.5-1 0.6
STEATITE 6.1 0.3

TABLE 1
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Among the liquids that are used are linseed oil, castor oil and
a number of special 9il compounds. Ceramics, plastics, mica
and paper are among the solid dielectric materials used.

When a gas or a liquid is used as the dielectric of a capaci-
tor, some solid materials must be used to support the plates.
A small portion of the dielectric of a gas or liquid dielectric
capacitor is therefore solid dielectric material.

3. Dielectric Constant.—Dielectric constant is the ratio of
the capacitance of a capacitor having a given dielectric mate-
rial, to the capacitance of the same capacitor with air as a
dielectric. The use of a solid or liquid dielectric results in
a capacitance several times that obtained with air, because
the dielectric constants of solid and liquid insulators are
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Fig. 1.—Representaton of an imperfect capacitor as a perfect
capacitor with series reslstance.

greater than unity. Table 1 shows the dielectric constants
of a number of common insulating :naterials.

4. Capacitor Losses.—When a capacitor is discharged, it
does not return all of the energy required to charge it. Some
of the ciarging energy is lost in the capacitor. The loss oc-
curs mainly in the dielectric although there are several other
contributing factors.

The losses which occur in a capacitor may be represented as
the resuit of a resistance connected in series with the capaci-
tance as shown in Fig. 1. When a.c. passes through a perfect
capacitor the current leads the voltage by 90 degrees. Whén
a.c. passes through a capacitor having losses, or a perfect
capacitor in series with a resistor, the current will lead the
voltage somewhat less than 90 degrees. The phase angle thus
gives an indication of the losses of the capacitor. It is com-
mon practice to indicate the power losses of a capacitor by
giving its power factor or the cosine of the phase angle. An-
other method used to indicate the losses of a capacitor is to
give the value of resistance which must be placed in series
with an equivalent perfect capacitor to cause the same loss
as that of the capacitor in question.

Power factor is also used to indicate the suitability of in-
sulating materials for use as capacitor dielectrics. The power
factor of a dielectric indicates the losses it will introduce in a
capacitor in which it is used. Table 1 shows the power factors
of a number of common insulating materials. The power
factar of a capacitor or ditelectric is not constant but changes
with temperature, humidity and operating frequency. As a
result, many insulating maiterials which are suitable for use
at low frequencies do not make good dielectrics at high
frequencies.

5. Air-Dielectric Capacitors.—Air-dielectric capacitors con-
sist of two assemblies of parallel metal plates. The two sets
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of plates are intermeshed but do not touch. The spacing be-
tween them is maintained by solid insulating supports. Most
air-dielectric capacitors are variable. This is accomplished by
mounting one set of plates on a rotatable shaft. When the
shaft is rotated, the portion of the plates which is intermeshed
is decreased or increased.

Air is an almost perfect dielectric, having practically zero
power factor. The losses of this type of capacitor are there-
fore very low. Those that are present are due to resistance in
the conducting plate assemblies and to the solid insulating

Fig. 2.—Plate shapes and frequency versus angle of rotation for
variable capacitor types.

material used to support the assemblies.

There are three types of variable capacitors: those which
give a constant variation in capacitance per degree of rota-
tion; those which produce a constant variation in frequency
per degree of rotating; and those which produce a constant
variation in wave-length per degree of rotation. They are
referred to respectively as straighti-line capacitance, straight-
line frequency and straight-line wave-length capacitors. The
shapes of the plates used to obtain these characteristics are
shown in Fig. 2.

Variable air capacitors are manufactured in capacities of
from a few micromicrofarads to several hundred micromicro-
farads. They are used in the tuned circuits of receivers and
transmitters to permit adjustment and variation of resonant
frequency.

6. Paper Capacitors..—Paper capacitors consist of two
strips of foil separated by several layers of paper as shown in
Fig. 3. The foil strips and the paper insulation are wound
together to form a compact capacitor. Copper or aluminum
tabs are fastened to the foil strips to provide connections. A
tab is usually provided for each turn of each plate to reduce
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the inductance and resistance of the capacitor.

The paper used in this type of capacitor must meet a num-
ber of rigid specifications. The type generally used is spe-
cially prepared pure linen paper. To improve its character-
istics as a dielectric, the paper is wax or oil impregnated.
Higher voltage units are often oil-impregnated and oil-filled.
Paper capacitors are mounted in cardboard or metal con-

INSULATORS

Fig. 3.—Construction of paper capacitors.

tainers. They are manufactured with pig-tail lead, lugs or
with plug-in bases. They are used in power supply, a-f and
low r-f circuits.

7. Mica Capacitors.—Mica capacitors consist of two sets of
metal foil plates separated by thiu sheets of mica as shown in
Fig. 4A. Mica is widely used in radio capacitors because of
its excellent dielectric properties, high breakdown voltage,
and because it can be split into sheets of definite thickness.
Tabs are connected to each metal foil plate to provide con-
nection. The unit is then molded in a bakelite covering and

ALTERNATE FOL
SHEETS FORMING
ONE PLATE

®

Fig. 4.~Construction of mica and ceramic capacitors.

provided with lugs or pig-tail leads. Mica capacitors are
characterized by their low losses and long useful life. - An
improved mica capacitor, called a silvered mica capacitor, has
plates which consist of silver plating on the mica dielectric.
This type has a very low temperature coefficient of capacity.

8. Ceramic Capacitors.—This type of capacitor consists of
a ceramic dielectric, usually in the form of a hollow tube,
silver plated on the inside and outside as shown in Fig. 4B.
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The inner plating serves as one electrode and the outer plating
as the other. The sliver plating is often covered with a cop-
per plating to which the leads are soldered.

Ceramic capacitors may be manufactured to secure definite,
positive or negative temperature coefficients. It is also pos-
sible to secure zero temperature coefficient capacitors with
this type of construction. Their stability and low power
factor make ceramic capacitors particularly useful in high
frequency circuits.

9. Elecrolytic Capacitors.—The construction of an electro-
lytic capacitor is shown in Fig. 5. It consists of two aluminum
foil plates. Between the plates is an electrolyte. The surface

113> aummm Foil
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Flg. 5.—Construction of an electrolytic capacitor.

of one plate is covered with an insulating film formed by action
of the electrolyte and the plate when a positive voltage is
applied to it. The film acts as the dielectric of the capacitor
and the coated fcil acts as one plate. The electrolyte acts as
the other plate, the second piece of aluminum foil serving as
a means of contact with it.

Electrolytic capacitors are polarized. That is, one plate
serves as a positive electrode and the other as a negative
electrode. The plate on which the film is formed is the posi-
tive plate and must never be operated at a negative potential.
If it is, the film will be destroyed and the capacitor will break
down. From these facts, it is evident that electrolytic capaci-
tors can only be used in circuits in which the a-c potential is
superimposed on a d-c potential of greater amplitude.

The electrolyte may be a liquid, paste or semi-dry solid
material. Capacitors with liquid electrolyte are referred to as
wet electrolytics. In this type, the film covered plate is sus-
pended in a metal can and supported by a small amount of
solid insulating material. The can is filled with electrolyte
and serves as the container and the negative electrode.

Electrolytic capacitors in which the electrolyte is a paste
are referred to as dry electrolytics. Absorbent paper or tex-
tile cloth is saturated with electrolyte and placed between
aluminum plates to form a so-called dry electrolytic capacitor.
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In manufacture, the film on the positive plate is formed by
submersing the plate in a chemical solution and applying a
positive potential to it. After the capacitor has been assem-
bled, a positive potential is applied to the film covered plate
to assure the formation of a film of uniform thickness.

The capacitance of an electrolytic capacitor is dependent
upon the area of the positive plate and the thickness of the
dielectric film. For a given plate area, an increase in the
thickness of the film results in an increase in breakdown
voltage and a decrease in capacitance. The positive plate of
modern electrolytics is usually etched. Etching increases the
surface area of the plate making it possible to construct
capacitors with higher ratings for a given physical size.
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Section 5

TRANSFORMERS
AND
CHOKES

1. Inductors.—Inductors are circuit elements used to intro-
duce inductive reactance into circuits. An inductor is es-
sentially a coil of wire wound around a core of air, a magnetic
metal, or a nonmagnetic metal. A core of magnetic metal will
give a greater inductance, for a coil of given size and number
of wurns, than will an air core; while the use of a nonmagnetic
metal will give less inductance than that obtained with an
air core.

Inductors are used in the resonant circuits of receivers and
transmitters, in power supply, r-f and a-f filters, in interstage
coupling circuits, etc.

2. Q.—If a perfect inductor is placed in a circuit and cur-
rent is passed through it, a field will build up around the
inductor. Power will be taken from the circuit to build up
this fleld. If the voltage in the circuit were reduced to zero,
the fleld around the coil would collapse and most but not all
of the energy originally required to create the fleld would be
returned to the circuit. The energy not returned to the circuit
is dissipated due to losses in the inductor. The losses of an
inductor are the result of several factors and may be repre-
sented as a resistance in series with a perfect inductor of
the same inductance as the inductor in question. The resis-
tance of the resistor is such that it will cause a loss equivalent
to the losses of the inductor in question. The losses of an in-
ductor may be expressed in terms of the ratio of its inductive
reactance to its equivalent series resistance. This ratio is
referred to as the Q of the inductor. Since the losses in a coil
vary with frequency, the Q of a coil is not the same for all
frequencies.

3. Inductor Losses.—The wire with which an inductor is
wound has resistance. This resistance is the most important*
factor contributing to the losses of the inductor. Losses due
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to resistance increase with frequency because skin effect re-
sults in a concentration of current near the surface of the wire.
Skin effect is negligible at low frequencies, but at high fre-
quencies it can be an important factor. Other factors which
contribute to inductor losses are: the dielectric properties of
the coil form and surrounding objects; eddy currents set up
in the core and surrounding objects if they are conductors;
hysteresis in the core and surrounding objects if they are
magnetic metals. Losses occur as a result of the dielectric
properties of the coil form because of the distributed capaci-
tance of the inductor. Distributed capacitance is the capaci-
tance which exsists between different parts of an inductor;
that is, between turns, between the terminals and leads, etc.

0000C
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Flg. 1.—Types of coll windings.

The core and surrounding objects serve, to some extent, as the
diclectric of these capacitors, and the dielectric losses which
result contribute to the losses of the inductor.

4. Types of Coil Windings.—Many types of coil windings
have been devised to secure desired characteristics. Several
of them: are shown in Fig. 1. A is a simple single layer
solenoid. This type is used when small amounts of induc-
tance are required. B is a flat or pancake coil. This type is
seidom used singly, instead several coils are connected in
series. C is a multi-layer coil used when a high inductance
is necessary. D is a universal wound coil which is character-
ized by compactness and good Q. E is a toroid wound coil.
This type is wound in one or more layers and is essentially a
coil bent sc that its ends meet. This configuration results in
cancellation of the external field, a characteristic which is use-
ful in many circuits. F is a honeycomb wound coil. This type
of winding gives comparatively low distributed capacitance.

5. Receiver Coils.—Small size and high Q are the general
requirements of the coils used in receiver tuned circuits. At
frequencies above the bruadcast band (1500 kc.), the coils used
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in the resonant circuits of radio receivers are single layer
solenoids witit air cores. Since comparatively small values of
inductance are required, single layer solenoids are sufficiently
compact. 1n addition, it is possible to secure relatively high
Q ratios with this type of winding. Bakelite and ceramic
forms are used in most cases, while self-supporting windings
are often used in very-high and ultra-high frequency circuits.

At broadcast band frequencies, single layer solenoid, uni-

WINDING

THREADED ROD THREADED NOLE

Fig, 2.—A powdere«l-li’on-nlug tuned cofl.

vetsul, spiral and other types of windings are used. At these
frequencies, the single layer solenoid is large enough to make
the niore compact windings desirable when size is a factor.
At frequencies below 500 kc. the single layer solenoid is too
large and more compact types of windings are used ex-
clusively.

6. Powdered lron Cores.—While solid or laminated mag-
netic metal cores are not satisfactory for use at radio fre-
quencies, powdered iron or alloy cores have proved very use-
ful. This type of core consists of fiuely ground iron or alloy

Flg. 3.—Rudio-frequeney choke colls.

particles mixed with a bakelite filler and an insulating
varnish binder and pressed into the form of a cylindrical slug.
This construction insulates the iron particles from one another
and reduces eddy current losses. Powdered iron cores are
used to secure compact coils with high Q and to provide a
means of varying the inductance of a coil. Variation in induc-
tance is accomplished by mounting the iron slug so that it can
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be moved in and out of the coil along its axis. The construc-
tion of a slug tuned coil is illustrated in Fig. 2. A threaded
rod is imbedded in the slug. The rod passes through a
threaded hole in the closed end of the coil form. Turning the
rod causes the slug to move in or out of the coil, producing a
variation in the overall permeability of the core of the coil and
subsequent change in inductance.

7. Radio Frequency Chokes.—Radio-frequency chokes are
inductors used in r-f circuits to suppress the flow of r-f current
while offering low resistance to the flow of a-f and direct
currents. In order to secure a high inductance and minimize
distributed capacity, choke coils are wound as shown in Fig. 3.
The choke at A consists of several universal wound coils
mounted on an insulated form and provided with pigtail leads.
A second type of construction illustrated at B consists of a

GAP: GAP.
4— CORE «— CORE
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Flg. 4.—Core and shell type chokes.

round, slotted form. The winding consists of a number of
pies wound in the slots of the form.

Chokes for use in the v.h.f. and u.h.f. regions are usually
simple space or close wound single layer solenoids. Radio-
frequency chokes are manufactured in inductances of a frac-
tion of a millihenry to more than 100 millihenries.

8. Power-Frequency Chokes.—Power-frequency chokes are
used in rectifier type power supply filter circuits. They are
manufactured in inductance values of from 5 to 30 henries.
Fig. 4 illusirates the two common types of construction. A is
called the core type and B is called the shell type. When the
current through an iron core choke is gradually increased, a
point is reached when an increase in current through the
choke will not produce a corresponding increase in flux den-
sity in the core. This effect is called ‘‘saturation”. When it
occurs there is a rapid decrease in the permeability of the core
and the inductance of the choke. This change in inductance
with increasiig current is undesirable in power supply chokes.
The effects of core saturation are eliminated in power supply
chokes by leaving a small gap in the core as shown in Fig. A.
The reluctance of the gap is greater than the core, and it pre-
vents the flux density in the core from reaching the saturation
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point of the core material. With small values of current, the
inductance is lower than it would be without the gap; how-
ever, throughout the current range for which the choke is
designed, the induciance is almost constant and is higher than
it would be without the gap.

9. Power-Supply Transformers.—This type of transformer
is used to increase or decrease power line voltages in order to
secure the various potentials required to operate electronic
equipment. Such transformers consist of two or more wind-
ings on a laminated iron core. The cores used are of the core
or shell type, although the core type is no longer very popular.
Fig. b illustrates the construction of a shell type power trans-

Fig. 5.—Construction of shell type transformer,

former. The primary is generally wound nearest the core on
a fiber ferm. The secondaries are wound over the primary.
As many a3 four or five secondaries are often used. Enamel
covered wire is gencrally used for winding power trans-
formers. Wax 1mpregnated paper serves as insulation be-
tween winding layers while Empire Cloth is used to insulate
primary and secondary windings from one another.

10. Audio-Frequency Transformers—Audio-frequency
transformers are similar to power transformers except that
they are designed to transform impedances and must operate
over a wide range of frequencies. They are used as interstage
coupling devices and to match the outputs of amplifiers to
transmission lines, loudspeakers, etc. A large number of
primary and secondary turns and special grades of steel and
alloys are used to secure the high primary and secondary im-
pedances required.
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Section 6

SWITCHES
AND
DRY RECTIFIERS

1. Switches.—Although switches are not circuit elements,
they are important parts of almost all electronic equipment
and must have adequate electrical and mechanical character-
istics in order to perform properly. Switches are used to
open and close circuits, to change circuits, and to substitute,
add or remove circuit elements in all types of electronic
equipment. Among the mechanical requirements of switches
are resistance to corrosion and similar deterioration, proper
wiping action to minimize wear on contacts and ability to
withstand long use. Electrically, a switch should have low
contact resistance, high insulation resistance, low dielectric
loss and low capacity between contacts. Manufacturers usu-
ally state the lives of switches in terms of the minimum num-
ber of cycles of operation before signs of failure occur. These
ratings range from 10,000 to more than 250,000 cycles. 10,000
to 50,000 cycles is regarded as satisfactory life for such appli-
cations as home radios and television receivers.

Mechanically, switches may be classified as lever, rotary,
push-button, and slide action. Lever acting switches are
usually made in two and three position types, although some
are available with as many as eight positions. They are used
in power and audio circuits and in many special applications.
Lever action switches are manufactured in both low and high
current types. The rotary switch is probably the most versa-
tile and widely used type of switch. One type of rotary switch
mounts on the back of variable resistor controls and is opened
and closed when the control is at the extreme left end of its
rotation. This type is very popular as a line switch in radio
and television receivers where it is usually combined with
the volume control.

Another type of rotary switch, referred to as a wafer switch.
is especially suitable for use in r-f circuits. It consists of a
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flat piece of insulating material with lugs and contacts ar-
ranged around its outside edge as shown in Fig. 1. A shaft
passes through a hole in the center of the wafer. Mounted on
the shaft, but insulated from it, are one or more switch seg-
ments. Long contact clips make contact with the switch
segments. Tabs on the segments make contact with shorter
clips only when the tabs are rotated to the proper positions.
The circuit path is from a long clip through the switch seg-

SECTION A-A
Flg. 1.—Wafer switch.

ment to a short clip. Wafer switches are manufactured in
from two to 12 positions mounted singly or in gangs of as
many as six sections operated by the same shaft.

One of the most important uses of ganged wafer switches
is in band-changing assemblies in all-wave receivers and in
channel selecting assemblies in television receivers. They
are characterized by low losses, low contact resistance, and
long life. In addition, desired distances between wafers can
be easily obtained and wafers may be shielded from one an-
other without difficulty,

Ganged push-button switches are widely used as station

Fig. 2.—Copper-oxide rectifler.
selectors in home and automobile receivers. They are avail-
able in a wide variety of switching arrangements. They are
not as suitable for use in very high frequency circuits, as are
rotary wafer switches.

2. Copper-oxide Rectifiers.—The operation of the copper-
oxide rectifier is based upon the fact that if one side of a
copper plate is covered with a cuprous-oxide layer, the oxide
will permit current to flow from the copper to the oxide but
not from the oxide to the copper. Figure 2 illustrates the con-
struction of a copper-oxide rectifier disc. It consists of a
washer-like disc of copper, one side of which is covered with
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a layer of oxide. A lead disc is placed in contact with the
oxide. Several of these assemblies are stacked to form a
rectifier. They are mounted on an insulating rod run through
the holes in their centers.

Copper-oxide rectifiers are manufactured in a wide range
of sizes with disc diameters of a small fraction of an inch to
several inches. They are characterized by very long life,
fairly good efficiency, poor voltage regulation, and the ability
to operate under high voltage-overloads for short periods
without damage. Their permissible temperature rise, in
operation, is low.

Copper-oxide rectifiers are found in a wide variety of appli-

Fig. 3.—Selenlum rectifier,

cations. Among them are, in battery chargers, in bias and
loudspeaker field supplies and as instrument rectifiers.

3. Copper-sulphide Rectifiers.—Th# copper-sulphide recti-
fier is similar in construction to the copper-oxide rectifier ex-
cept that copper sulphide and magnesium discs are used. For
given voltage and current ratings, it is smaller and lighter
than the copper-oxide type. It is capable of withstanding
higher operating temperatures and has better voltage regu-
lation than the copper-oxide rectifier. Its efficiency is poorer
and its life shorter than copper-oxide units. Because the discs
must be assembled under comparatively high pressure, it
cannot be manufactured in small sizes. These character-
istics limit it to use in home battery chargers and other low
cost equipment.

4. Selenium Rectifiers.—The construction of a selenium
rectifier is illustrated in Fig. 3. It consists of an iron or
aluminum plate on which a thin film of selenium has been
deposited. The selenium is then heat treated to produce a
crystaline structure, after which it is sprayed with metal.
Finally, a chemical process forms a barrier layer between the
sprayed metal electrode and the selenium. Units are used
separately or in series to secure higher operating voltages.

The selenium rectifier operates satisfactorily at higher tem-
peratures than does the copper-oxide rectifier and is smaller
and lighter for comparable voltage and current ratings. Its
efficiency and life are equivalent to those of copper-oxide
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units. The voltage rating per disc is higher than that of
copper-oxide discs. Recent developments have further ia-
creased the voltage ratings of selenium discs, bringing greater
flexibility and wider use of these units. Selenium rectifiers
are used in plate and bias supplies for receivers and other
small electronic equipment, in battery chargers, relay circuits,
etc.
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Section 1

BASIC CIRCUITS

All radio circuits are made up of circuit elements which are
basic units. These basic circuits, are entities both in physical
arrangement and function.

All work in radio requires the understanding of the basic
electronic circuits. This Section has been specially prepared
by the RADIO DATA BOOK staff to make available the cir-
cuits which properly combined make complete radio equip-
ments.

The arrangement in which the basic circuits are presented
has practical use as its objective. Every effort has been
made to classify and discuss each circuit in the most prac-
tical manner. In doing this, the use of the circuit has been
kept foremost in mind.

This Section follows the discussions on components and
fundamentals because it is necessary to have an elementary
knowledge of these subjects in order to be able to follow the
theory of each basic circuit as presented herein.

Following the basic circuits Section we have presented the
systems and accessories discussions. It is felt that familiar-
ity with the basic circuits presented here will enable the
reader to follow the systems discussion with greater under-
standing.
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COLD CATHODE RECTIFIER

The cold cathode rectifier is suitable for power supplies in
which the current drain is reclatively low. It makes use of the
fact that ionized gas will carry an electric current in only one
direction. As shown in Fig. 1 the rectifier is connected in
series with the AC power source and the load. The action is
similar to that of a vacuum tube rectifier of a selenium rectifier.

T

Some gas is placed in the envelope of the tube when it is
manufactured. In use, the gas ionizes when sufficient voltage is
applied between the plate and cathode. Electrons will only flow
from cathode to plate, thus producing the necessary rectifying
action. The cathode of the rectifier is heated by the bombard-
ment of the ions in the gas and this liberates the electrons neces-
sary for conduction through the tube.

The cold cathode rectifier tube first appeared as the old “HB”
type, which was frequently used in B eliminators designed for
battery-operated reccivers. It is now typified by the OZ4 tube
type.

A requirement of the cold cathode rectifier is that the gas in
the tube must be ionized, at all times during -operation. There
is a minimum current below which ionization will not be sus-
tained. The rectifier circuit must provide some means to keep
the current drain above this minimum whenever external power
drain is intermittent. The most convenient way to maintain the
minimum current is through the use of a bleeder resistor across
the output.

Applications.—Cold cathode rectifiers find their widest use
in low-drain receiver power supplies. The fact that no filament
supply is needed makes them ideal for mobile equipment, and
portable receivers and transmitters often employ them.

Advantages.—The cold cathode rectifier circuit is simple
and easy to construct and no filament supply is needed.

Limitations.——The cold cathode rectifier has a limited allow-
able current drain and a minimum current must be maintained
so the gas in the tube will remain ionized.

Variations.—The diagram shows the half-wave connection;
full wave arrangements are also used.

Tube Types Used..—HB, 0Z4, OZ4G.

+
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TO FILTER
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HALF WAVE RECTIFIER

The half wave rectifier makes use of the fact that electrons
can flow from cathode to plate in a vacuum tube and not in
the opposite direction. This principle is used to change al-
ternating current or voltage to direct current or voltage. The
fundamental circuit is shown in Fig. 2. Whenever the
polarity of the source voltage is such that the plate becomes

ac O —e
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Fig. 2. -

positive with respect to the cathode, the tube conducts and
current flows through the load resistance R. Since the cur-
rent can only flow one way through the circuit, it is pulsating
DC and produces a pulsating direct voltage across R. The
ripple is filtered out of this voltage by means of filter con-
denser C. Fig. 3. shows the wave form of source and recti-
fied output voltages,

R and C are symbolic of load resistance and filter capacity
respectively and In practice are replaced by one of the various
typess of power supply filters (see RC and LC filter basic cir-
cuits).

The name “half wave rectifier” is derived from the fact that
DC output is supplied during half of the cycle of the source
voltage only. The fundamental ripple frequency is therefore
always the same as the frequency of the source.

Applications.—The most common application of the circuit
is in the AC-DC type of broadcast receiver. Since no center
tap is needed on the source voltage, the circuit permits the
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elimination or a power transformer. Because of this economy
factor, the circuit is generally found in units of the less ex-
pensive type. The half wave rectifier is also frequently found
in signal generators, frequency meters, monitors, code practice
sets, signal tracers, FM converters and a wide variety of small
electronic equipment.
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Fig. 3.

Advantages.—Compactness and economy due to the elim-
tnation of power transformers are the principal advantages of
the half wave rectifier circuit.

Limitations.—The fact that the ripple is the same as the
power frequency makes filtering much more difficult than in
the case of systems which have a higher ripple frequency (full
wave). The ripple is a higher percentage of the DC output
voltage than in other types. Another limitation is the fact
that the negative DC output lead (B minus) is common to one
side of the power line, making this lead “hot” with respect
to pipes, radiators and other grounded objects when the source
polarity is such that B minus is the ungrounded side of the
power line,

Variations.—The half wave rectifier is used either with di-
rect power line connection or from the secondary of a power
transformer. The fundamental principle is also applied in the
diode detector and in VTVM circuits, AC meters using vacu-
um tubes, etc.

Tube Types Used.—35Z5, 35Z4, 3523, 25Z5, 81. Dual diode
tubes are also occasionally used as half wave rectifiers with
their plates connected in parallel.
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FULL WAVE VACUUM TUBE RECTIFIER

The full wave rectifier makes use of the fact that current
will only flow in one direction through a vacuum diode tube.
It is used to provide DC power for receivers and similar
equipment. Two tubes are used (or a dual diode). One tube
conducts on each half of the input power cycle. The circuit

\
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(Fig. 4.) is characterized by its usc of a center-tapped power
source, the use of two diodes, and common connection of their
cathodes.

When the plate of VI becomes positive, electrons flow as
shown, through V1, the upper half of the transformer sec-
ondary, the ground, the load and back to V1. When the plate
of V2 becomes positive, a similar action takes place as shown
by arrows. There is a pulse of DC current through the load (out-
put circuit) during each half cycle of the source frequency.

The fact that only two diodes are used with a common
cathode makes the circuit convenient for power supplies in
both transmitters and receivers. The diodes are often com-
bined in a single envelope and called a full wave rectifier tube.

Applications.—The full wave rectifier is widely used in radio
receivers. Although half wave rectification is sometimes
cheaper, the advantage of the full wave circuit in hum elim-
ination and ease of filtering makes it desirable in most re-
ceivers. Radio transmitters frequently make use of this cir-
cuit in power supply units. It is encountered in almost all
types of equipment which operate from AC power lines.

Advantages.—Advantages of the full wave rectifier circuit
are a ripple frequency twice that of the power source, and a
reasonably simple circuit. The_ filter requirements are much
less than for a half wave rectifier due to the higher ripple
frequency.

Limitations.—The full wave rectifier circuit requires the use
of a center-tapped source. Its output voltage is equal to half
the source voltage.

Tube Types Used.—Diode and dual diode rectifiers such as
866, 872A, 80, 6X5, 5Y3, 5Y4, etc.
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BRIDGE RECTIFIER

The bridge rectifier circuit is distinguished by the fact that
four separate rectifier elements are used, connected in a man-
ner most easily shown as a diamond, or square, and arranged
to conduct in the directions shown in Fig. 5.. The input is
fed into two opposite corners and the output is taken from
the other two corners.
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Fig. 5.

The operation of the bridge circuit allows both halves of the
power cycle to be used in the rectifying process. Electrons
will flow through the tubes only in the directions indicated by
the arrows. When point A becomes positive, V2 and V4
conduct; and when point B becomes positive, V1 and V3 con-
duct. Current always flows through the output circuit in
the same direction. The ripple in the output thus has twice
the frequency of the power source.

The bridge type rectifier gives twice the DC voltage output
of a conventional full wave rectifier and does not require a
center-tapped transformer.

Applications.—Wherever it is desired to use a transformer
with an untapped secondary, or to make use of the full sec-
ondary voltage, the bridge rectifier is useful. Its most fre-
quent use is in transmitter power supplies, in which high volt-
ages and full wave rectification are desired without the use
of a double voltage secondary.

Advantages.—The main advantage of the bridge rectifier
is that the full transformer (if one is used) secondary voltage
can be utilized and no secondary (or power source) center tap
i8 necessary.

Limitations.—Four rectifier tubes are needed except when
dual diodes with separate cathodes and sufficient voltage
ratings are available.

Tube Types Used.—Half wave rectifiers such as 866,
872A, etc.
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VOLTAGE DOUBLING RECTIFIER

The voltage doubler is a rectifier whose DC output potential
is approximately twice that of its AC mput. A definite identify-
ing characteristic is the fact that the diode cathodes are never
joined as in other power supplies using parallel rectifiers.
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Fig. 6A

The full-wave doubler circuit is shown in Fig. 6A. Oper-
ation is as follows:

1. When the input terminal C becomes positive, diode D1
conducts until C2 becomes charged with the polarity as shown.

2. When the input terminal D becomes positive, diode D2
conducts, charging C1 with the indicated polarity.

3. The capacity of these condensers is large enough to hold
a charge between charging pulses.

4. The output voltage is obtained across C1 and C2 in se-
ries. The output voltage is, therefore, the sum of the volt-
ages on the condensers and approximately twice the voltage
of an ordinary half-wave rectifier.

This is a full-wave doubler because two charging pulses are
fed to the output for each power cycle. The ripple frequency
is, therefore, twice the frequency of the power source.

The half-wave circuit is shown in Fig. 6B. Operation is
as follows:

1. When input terminal C becomes positive, diode D1 con-
ducts and charges C1 with polarity as shown. C2 does not
charge at this time.

2. This places a voltage on the plate of D2 equal to the
charge on Cl1 plus the voltage on input terminal D. When D
is negative, it subtracts from the voltage on the plate of DI,
stopping D2 from conducting.
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3. When the plate of D2 becomes positive, it conducts and
C2 becomes charged with a voltage equal to approximately
twice that of C1. This is the output voltage.

This circuit is a half-wave doubler because the ripple fre-
quency is equal to the power frequency.
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Applications.—The voltage doubler circuit is used in low
priced power supplies. It is used with high filament voltage
rectifiers in receivers designed to operate from both AC and
DC sources. Use of high filament voltage tubes is made to
permit the elimination of the filament step-down transformer
used in AC sets. Although primarily used in connection with
receivers, the voltage doubler circuit is often found in con-
trol equipment and’ in transmitters. In these uses, it is limited
to applications involving a relatively low current drain and re-
quiring simplicity and compactness.

Advantages.—The voltage doubler circuit has the advantage
of simplicity approaching that of the AC-DC power supply.
At the same time, it allows elimination of the power trans-
former necessary in AC receivers. It provides a DC voltage
output approximately twice the voltage obtained from AC-DC
supplies and is almost as simple and compact.

Limitations.—The voltage doubler circuit requires a dual
diode rectifier tube which has a separate cathode for each sec-
tion. Available current drain is limited and regulation is poor.
The high capacity condensers used with the rectifier (Cl and
C2) do not provide the necessary filtering. Additional con-
densers must be used in a filter in order to provide pure DC
output.

Variations.—Half-wave and full-wave.

Tube Types Used.—Any dual diode rectifier with separate
cathodes and insulation for the peak circuit voltage developed.
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MULTIPLIER RECTIFIER
Fig. 7. shows a typical voltage multiplier rectifier circuit.
Two voltage doubler sections are combined to produce a volt-
?.glel quadrupling action. The operation of the circuit is as
ollows:

s
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Fig. 7.

l. When the line polarity is such_that point B is positive,
a surge of current flows through V2 and Cl], charging
with a DC voltage of the polarity shown. This voltage is
about equal to the peak value of the AC source voltage.

2. When the plate of VI is positively charged, current is
drawn through V1 and C4, charging C4 with a voltage of the
indicated polarity.

3. The voltage applied to the plate of V1 is equal to the line
voltage plus the DC voltage already developed across Cl. On
peaks it is thus equal to twice the peak value of the source
voltage. The DC voltage across 4 is therefore twice the
voltage across Cl.

4. The same action also take place in the duplicated circuit
of V3, V4, C2, and C3, producing a “doubled” voltage across

3.

5. C3 and C4 are connected in series across the load. The
output voltage (DC) is therefore the sum of the voltages
across these two condensers and four times the output of a
simple half wave rectifier.

Applications.—Voltage multiplier rectifiers are occasionally
found in low cost receivers in which the current drain is very
low and the voltage must be higher than that afforded by
ordinary rectifiers.

Advantages.—The main advantage of the multiplier rectifier
is that higher DC output voltages cau be obtained without the
use of a transformer.

Limitations.—The multiplier circuit requires a large number
of rectifiers and high capacity condensers for proper operation.

Variations.—Any multiple of the line voltage may be pro-
duced by proper arrangement of components. Multiplication
as high as twelve has been found practical.
d.’I(‘iube Types Used.—Any power rectifier diodes or dual

1001 e8,
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MULTI-PHASE RECTIFIER

Multi-phase rectifiers are frequently used in the power supplies
of transmitters. The frequency of the ripple voltage present in
the output of a multi-phase rectifier is equal to that of a cor-
responding single-phase rectifier multiplied by the number of phase
of the source. Because of the higher ripple frequency, economy
is effected in the filter section of the power supply.

Multi-phase transformers can be arranged in various way to
produce the desired effects as to output voltage, current, and
ripple frequency. These arrangements are very numerous. Sev-
eral representative circuits are given on the following pages to
illustrate the principle of operation. The diagram below shows
the '\évave form of pulsating DC output for typical three-phase
rectihers.

RIPPLE RIPPLE
MnIN 2 L L)
PR A A
y ’ \)/ \'I \’ :(: ‘,: \
P ¢ b § I“ LA (S 3y
"n Fa s\ / WAV AVAYERYAA
L \\ 7T—Vv—1 ‘\ 7 )\ £ "\ R’ ‘1:
/ L} / Iy 4.
\ / ’ (Y (X AVAY
N \” oY N oy Y Xy w v
1} Y L J
MoON N LYAVAVAVAYAY
NN ! s /‘( N AN
. “  sJN PV AN WA N AV AN
3@ HALF WAVE 3@ FULL WAVE

Applications.—Multi-phase rectifiers are used in high volt-
age power supplies for transmitters, They are also used in con-
verter power supplies for running DC motors and other equip-
ment from the AC lines. Applications in which very well filtered
DC voltage is required are the most frequent. The relatively
high ripple frequency makes these rectifiers well adapted to pure
DC supplies.

Advantages.—The advantage of multi-phase rectifiers is the
ripple-frequency which is higher than that of single-phase recti-
fiers. Smaller values of filter components can thus be used to
obtain equivalent filter effect. This represents a considerable
economy in the construction of high power rectifiers. Load cur-
rent is distributed so that only a fraction of it is carried by
each tube and transformer secondary winding. Greater rectifier
efficiency is obtained making the multi-phase rectifier very de-
sirable for higher powers.
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Limitations.—Multi-phase rectifiers require a power source
of the proper number of phases. Special transformers are also
necessary.

Variations.— Variations consist of the eight circuits shown
and a number of others which are less frequently encountered.

SEC.

- LoAD*
Fig. 8.

The three-phase half-wave rectifier is usually arranged in the
delta-wye connection as illustrated in Fig. 8.. The secondary
windings are joined at a common point which usually becomes
the negative output lead. The voltages are 120 degrees out of
phase with each other and each is connected to a rectifier. There
are thus three DC pulses for every cycle of the power frequency.

O
O

R

output *

Fig. 9.

The three-phase full-wave rectifier uses a delta-wye connection
as shown in Fig. 9.. The secondaries are joined to a common
point on one end. Their voltages are 120 degrees apart and each
one is connected to the plate of one rectifier tube and the cathode
of another tube. In this way DC pulses flow on both positive
and negative halves of the power cycle of each winding. The
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ripple frequency is thus six times that of the power source.
The double three-phase rectifier uses two wye-connected sec-

ondaries as shown in Fig. 11.. A centertapped inductor, L,

which is connected bctween the two common points, is called a

Lo —

Fig. 10,
“balance coil.” The legs of one wye are connected so as to con-
tain voltages 180 degrees out of phase with those of the other
wye. The ripple is thus six times the frequency of the power
source since this is effectively a six phase supply.

an_.

~—9

-
Fig. 11.

The three-phase broken star rectifier results from connecting
each leg of a wye in series with another winding 60 degrees out
of phase with 1it. (See Fig. 10.) The peak voltage of each
rectifier is thus higher than for other three-phase arrangements.
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Ripple voltage is three times the frequency of the power source.

The six-phase star (Fig. 12.) is arranged by connecting two
out-of-phase windings of each phase in series so that they create
two secondary phases for each primary phase (if a three-phase

a_
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Fig. 12, ~

source is used). The ends of all the windings are tied together
at a common point. As shown, it is usually the negative terminal
of the DC output. The ripple frequency is thus six times that
of the power source since the supply constitutes a six-phase
arrangement.

<+
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Fig. 13.
The three-phase delta full-wave arrangement is shown in Fig.
3.. Both primary and secondary transformer windings are con-
nected in delta. Each vertex of the secondary delta is connected
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to the cathode of one rectifier and the plate of another rectifier.
The rectification is, therefore, full wave and the ripple, accord-
ingly, is six times the power f{requency. The delta connection
can also be used for half-wave rectification.

- —
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Fig. 14,

A typical rectifier using a two-phase supply is the four-phase
star type shown in Fig. 14.. Two secondaries are coupled to
each primary winding and phased to form the star pattern. The
voltages at the points of the secondary star are spaced 90 de-
zrees. Each point is connected to a rectifier plate, and the ripple
frequency is thus four tinles the power frequency.
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GRID CONTROLLED RECTIFIER
When negative grid voltage on a gas diode is reduced to less
than cut-off value, plate current flows. From this point on, the
grid loses control and will not stop plate current flow no matter
how much bias is applied. This current flow is stopped, however,
when the plate instantaneous voltage becomes zero or nega-

.
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tive. On a subsequent plate voltage cycle an increased grid
hias on the tube prevents conduction until a later instant in the
cycle, reducing the DC output.

The most important use of the grid controlled rectifier is
the control of the voltage output of a power supply. Fig. 15.
shows a typical circuit. A bias is applied to the rectifier grids.
By adjustments of this bias, the characteristics of the circuit
can be set so that there is no output, or so there is only out-
put when the instantancous power voltage exceeds a certain
value. In this way, the current or voltage output can be ad-
julsted without inserting any device in the power leads them-
selves.

Applications.—Grid controlled rectifiers are used in power
supplies, particularly high power units for transmitters. They
are also employed in keying circuits for telegraph transmitters
and in control applications. Generally, in high voltage and
current uses, the tubes are called grid controlled rectifiers.
Low current types, used primarily for control work, are re-
ferred to as thyratrons, or gas-filled triodes.

Advantages.—The grid controlled rectifier has the advantage
that relatively high power circuits can be controlled by ad-
justment of a low power bias supply. Instantaneous overload
cutoff can be built into the circuit.

Limitations.—Once the bias in a gas triode has caused the
+ube to fire (conduct) the grid loses control of the circuit. This
dAmits the circuit to control applications in which subsequent
interruption of the plate current need only occur when the
plate voltage is zero or negative. A separate bias supply must
be pr;)vided, with insulation for the full rectifier output po-
tential.

Variations.—Power type and control type.

Tube Types Used.—2050, 2051, 2A4G, 884, KY21, etc
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IMPEDANCE COUPLED AMPLIFIER
The impedance coupled amplifier shown in Fig. 16 is dis-
tinguished by the use of an inductance (L) in the plate cir-
cuit (and sometimes another inductance in the grid circuit)
instead of the resistor used in the resistance coupled circuit.
The input voltage from the previous stage appears across
the input terminals and is impressed on the grid of tube VI.

!

B+
Fig. 16

This signal grid voltage produces in VI a signal plate current
which flows through plate inductor L producing a voltage
drop which is the amplified output of the stage. Current flow-
ing through resistor R2 provides bias voltage for VI. This
bias voltage is filtered by condenser Cl.

Since the DC resistance of inductor L is much less than its
AC impedance, a higher DC potential is applied to the plate
of VlI without decreasing the impedance of the load to the
signal,

Applications.—The impedance coupled amplifier is used oc-
casionally for audio frequency amplification and more fre-
quently in broad band RF amplifiers.

Advantages.—The impedance coupled amplifier has the
advantage over transformer coupled amplifiers in that only one
inductance is used and, in RF applications, tuning is not re-
quired. Compared to resistance coupling, a much lower volt-
age drop is suffered in the plate load impedance. Higher sig-
nal output can be obtained than with resistance coupling.

Limitations.—The impedance coupled amplifier is subject to
variations in plate load impedance due to distributed capac-
itance and unwanted resonance effects. The load impedance
usually varies with frequency making the design of a high
fidelity (broad band) amplifier difficult.

Variations.—Arrangements in which the inductor is in series
with a resistor are used for broad band RF amplifiers in tele-
vision receivers. Special filter coupling may be used for broad
band (video) characteristics.

Tube Types Used.—Any triode, tetrode, or pentode for AF.
RF amplifier pentodes for RF.
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RECEIVER RF AMPLIFIER

The RF amplifiers used in receivers evolved from original
neutralized triode types, (neutrodyne, synchrophase, etc.) to the
almost exclusive use of the modern, high transconductance, low
capacitance pentode, Although transformer coupling is employed
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Fig. 17

in most cases, there has bcen a tendency toward resistance
coupling in receivers operating in the broadcast band. (See re-
sistance coupled RF amplifier listing.)

The transformer coupling is usually of the untuned primary
and tuned secondary type as illustrated in Fig. 17} although
in intermediate frequency amplifiers, double tuned trans-
formers are generally used. The other RF circuits in a re-
ceiver are tuned in synchronism (gang tuned) with the grid
input tuning L1-Cl to give high amplification only to the de-
sired signal and high attenuation to all others. Only grid cir-
cuits are tuned in RF stages. This accomplishes the dual pur-
pose of allowing the rotors of the tuning condensers to be
grounded (with primary tuning, they would be at the high
potential) and keeping the total number of tuning condenser
sections within practical limits. In IF amplifiers where only
initial alignment is necessary, both coils are tuned.

Fig. 18 shows the resistance coupled RF stage found in
some receivers. Nearly all modern superheterodynes use
AVC. The AVC voltage is obtained from the second de-
tector and fed back to the bottom of the grid coil L1 and
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thence to the grid. Grid bias is then a combination of the
fixed value from the cathode resistor and the AVC voltage
which varies with the strength of the incoming signal.
Applications.—RF amplifiers are in swperheterodyne or
tuned radio frequency receivers to amplify the incoming sig-
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Fig. 18

nal before either detection or mixing takes place. They are
also used with double-tuned transformers as intermediate fre-
quency amplifiers in superheterodyne receivers.

Advantages.—This circuit provides the highest gain obtain-
able from the various types of RF amplifiers. This is due
to the fact that resonant circuits are used to build up the RF
voltage by providing a high impedance plate load and grid
input.

Limitations.—Due to the high stage gain obtained, great
care must be used to provide sufficient shielding between grid
and plate circuits. This is particularly true when high fre-
quencies are used and wiring and other stray capacities be-
come an important factor. Another limitation is that each
time a new frequency is used, the circuits must be retuned.
Only a narrow band of frequencies can be amplified at one
time.

Variations.—The circuit is used with single or double tuned
transformers, resistance or impedance coupling, balanced cir-
cuits and neutralized triodes.

Tube Types Used—Any RF amplifier pentode. Examples:
Remote cut-off for use with AVC: 1T4, 6SK7, 7A7, etc. Sharp
cut-off, cannot be used with AVC: 114, 6S]7, 7C7, etc.
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CATHODE FOLLOWER
The cathode follower circuit is shown in Fig. 19. It differs
from that of other amplifiers in that the output is connected
across the terminals of a cathode resistor R, or cathode im-
pedance, Z, instead of across a plate impedance elemermt.
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The input signal is applied between grid and ground as in
other amplifiers, but the output resistance is placed in series
with the cathode to ground lead instead of the plate lead. Since
the cathode return is also part of the grid-cathode circuit, the
output across R is opposed by a part of the input voltage. Nega-
tive feedback is thus established and plays an important part
in the operation of the cathode follower. Because the cathode
circuit has a much lower impedance than the plate circuit, low
impedance loads can be efficiently matched.

pplications.—The cathode follower is frequently used to
match low impedance loads of various kinds. It is easily
adapted for the purpose of matching an RF amplifier to a low
impedance coaxial line. This application is often found in high
frequency work. Although the voltage gain can never equal
unity, good power ampligcation is obtainable. The circuit is
frequently used in video power amplifiers.

Advantages.—A definite advantage of this circuit, especially
at high frequencies, is that one side of the output can be
grounded, and a low impedance line can be matched. The
negative feedback present results in:

1. Low phase distortion.

2. Flat amplitude response.

3. Greater impedance at the input terminals.

4. Low output impedance with high power gain,

Limitations.—No voltage gain is derived from the cathode
follower circuit, since the output voltage can never quite equal
the input voltage.

Variations.—The output impedance can be raised somewhat
by placing the load and cathode resistor in series with each
other or by using a choke in the cathode.

be Types Used.—Any triode, tetrode, or pentode.
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LIMITER AMPLIFIER
The limiter amplifier greatly resembles an ordinary IF
stage, (Fig. 20) except that a grid leak is used and voltages
are adjusted so that saturation takes place above a certain
specified input signal level.
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Limiting action is secured by two means. One of these
takes advantage of the properties of the remote cut-off pen-
tode. An increasingly stronger signal produces an increasing-
ly greater current through R2and a correspondingly greater
voltage drop across it. This voltage is applied to the tube as
grid bias. Increasing the grid bias on a remote cut-off pen-
tode reduces the amplification of the tube, thus giving a lim-
iting effect. .

The other limiting action is secured by using plate and
screen supply potentials low enough to permit reasonably
strong signals to saturate the tube. This gives a “clipping”
effect which removes the amplitude modulation.

Applications.—The limiter amplifier is used to remove am-
plitude modulation or noise voltage fluctuations from the IF
signal in an FM receiver.

Advantages.—It provides efficient amplitude limiting while
passing freely a desirable range of frequencies for FM de-
tection.

Limitations.—It does not provide amplification of the passed
frequencies so that the FM detectors used with it usually have
quite low level output.

Variations.—Time constant circuits may be used in the grid
coupling to minimize shock effects in the limiter output re-
sulting from random noise voltages.

Tube Types Used.—Sharp cut-off pentodes operated with
low grid voltage swing are preferred although most low
power tubes having one or more grids can be used.
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RF AMPLIFIER—TRANSMITTING

The transmitting RF amplifier is distinguished by a tuned
circuit, L-C, in the plate circuit and a tuned circuit, resistance
coupling, or impedance coupling in the grid circuit. If a tri.
ode or a tetrode with high grid to plate capacity is used,
neutralization is reqnired as illustrated in Fig. 21 and 22,
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Fig. 21

RF voltage, known as “excitation,” is coupled from the
previous RF amplifier or oscillator and impresscd on the grid.
This RF voltage produces an RF current in the plate circuit.
Since the combination L;C,is tuned to tlie same frequency, a
relatively large RF voltage appears across it. Neutralization
is necessary to equalize for RF energy fed back to the grid
through the grid to plate capacity of the tube. This is done
in (Fig. 21 ) by dividing the plate coil into two parts so that
point A has an RF voltage above ground which is opposite in

hase to the voltage on the grid. This voltage is then fed
gack to the grid through neutralizing condenser Cyx and the
positive feedback is neutralized. For high cfficiency, the stage
should be operated Class C.

_I]n Fig 21, the neutralizing voltage is obtained from a grid
coil.

Another arrangement of an RF amplifier, is shown in Fig. 22
in which the grid circuit is tuned. Here the grid coil is tapped
and “grid neutralizing” is used. Usually link coupling is used
between the plate coil of the previous stage and this grid coil.
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Applications—The transmitting RF amplifier is used in
transmitters of the m.o.p.a. and crystal control types. It is
used as an isolating amplifier or as a power amplifier,

Advantages.—The transmitting RF amplifier, if properly
adjusted, can produce good voltage and power amplification
of RF signals. It is also useful for isolating modulated RF
stages from previous stages.

E
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Fig. 22

Limitations.—The transmitting RF amplifier must be care-
fully tuned and neutralized to produce good resmlts. High
amplification can only be obtained over a very narrow fre-
quency range without readjustment.

Variations.—Some often used are:

1. Tuned circuit at the grid.

2. Push-pull opcration.

3. Pentodes and low Cgp tetrodes requiring no neutralization
_ 4. “Loaded” tuning circuits to give broader band amplifica-
tion.

5. Plate and grid traps to accentuate or eliminate certain
frequencies.

6. Parasitic suppressors in plate or grid leads.

7. Harmonic amplification by resonating plate to proper
frequency.

Tube Types Used.—Any triode, tetrode, or pentode.
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GROUNDED GRID AMPLIFIER
As implied by its name, the grid of the tube in a grounded
grid amplifier goes directly to ground. A tuned circuit is
placed in the cathode lead and acts as the input circuit. The
circuit is shown in Fig. 23.
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The cathode instead of the grid is run at RF potential above
?round. Amplification is thus produced in the usual way
rom grid circuit into plate circuit.

The circuit is always neutralized because any feedback en-
ergy going from plate to grid is directly grounded.

The input voltage is in series with the output voltage so
that driving power combines with plate power in the output
of the amplifier.

Applications.—The grounded grid amplifier finds its most
frequent use in transmitters, 'lghis type of operation gives
complete neutralization at all frequencies. It is particularly
useful at high frequencies where it is desirable to operate with
the grid at ground potential.

Advantages.—1he grounded grid amplifier enables triode
tubes to be used at high frequencies without the addition of
neutralizing circuits.

Limitations.—1'he grounded grid amplifier has poor isola-
tion qualities because the input voltage is effectively in series
with the output voltage. This factor also reduces the gain
of the stage.

Tube Types Used.—Any amplifier tube, preferably one de-
signed for low input inductance at VHF (grid ring or multi-
grid leads).
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PUSH-PUSH DOUBLER

The push-push doubler circuit is distinguished by the fact
that two tubes are used. See Fig. 24 The grids of these
tubes are fed 180 degrees out of phase with each other and the
plates are connected together to one end of the tuned circuit.
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Fig. 24

On one half of the input cycle, the grid of VI becomes more
positive than the grid of V2. At this moment, a pulse of in-
creased plate current flows in V1. On the next half of the
cycle, the grid of V2 becomes positive and a pulse of increased
plate current flows through V2. There are thus two plate
current pulses for every cycle of the input voltage, and the
stage acts as a frequency doubler.

Because of this action, the output circuit contains second
harmonic signal and the plate coil and condenser are tuned
to that frequency. The e&ciency is considerably better than
ordinary single-ended doubler operation.

Applications.—The push-push doubler circuit is used in
transmitters. It makes a very effective frequency doubler and
is more efficient than doublers of the ordinary type.

Advantages.—The push-push doubler is one of the most
efficient producers of second harmonic output.

Limitations.—The circuit cannot be used as a fundamental
amplifier or to produce odd harmonics.

Tube Types Used.—Any triodes, tetrodes, or pentodes.
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VIDEO AMPIFIER

Video amplifiers are distinguished by the use of resistance
coupling. Besides the resistances, inductances called “peaking
coils” are included. These are necessary to extend the re-
sponse curve through the wide video frequency range.

The response of simple resistance coupling alls off at high
and low frequencies. The drop in low frequencies is due to
the increase in the reactance of the coupling condenser. This
effect is compensated for by the combination of Cl and R3.
This combination has negligible impedance at high frequen-
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kg. 25
cies because of the shunting effect of Cl. At low frequencies,
the combination impedance becomes high, adding to the plate
circuit impedance and the gain.

High frequency equalization is provided by the use of an
inductance L. Two methods are frequently used. Fig. 25
shows the shunt peaking method. L is chosen to resonate
with the sum of input, output and stray capacitances, at a fre-
quency a little above the highest frequency to be amplified.
This builds up the amplification at the high end of the range
where a decrease in gain would otherwise take place. Fig. 26
shows the series peaking method in which L resonates in
series with the output capacitance of tube VI and the input
capacitance of the tube V2. The gain of video amplifiers is
normally required to be flat from near zero cycles per second
to several megacycles per second. Television receiver video
amplifiers should be flat to 3.5 or 4 mc to amplify all the in-
telligence transmitted. The gain per stage is usually of the
order of 2 to 5 even with the best high gain tubes.

Applications.—The video amplifier finds its greatest usc in
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home television receivers. The impulses necessary to repro-
duce a picture are of a wide range of frequencies and certain
harmonic components. Standard television signals contain
video components up to 3.5 to 4 mc. Amplification must be
fairly flat through the whole range in order to prevent picture

Fig. 26

distortion. Another use of video amplifiers is in radar re-
ceivers, which often require a frequency range greater than
normal television video.

Advantages.—The video amplifier does not have any particu-
lar advantages which are inherent in its design. The circuit
was developed to meet the requirements of video amplification.
If the proper compensating components are used, a flat re-
sponse from near zero to a number of megacycles per second
can be obtained. As the frequency range increases, a sacrifice
in gain is necessary.

Limitations.—The video amplifier obtains its wide frequency
range at a sacrifice in gain. Video amplifiers therefore have
very low gain compared to similar audio frequency amplifiers.
With an increase in pass band width, there is also a correspond-
in%increase in noise level.

ariations.—Combinations of shunt and series peaking are
used in a variety of video amplifier circuits. Coupling is some-
times accomplished by means of o and T filters.

Tube Types Used.—Tetrodes and pentodes are usually used;
examples: 6V6, 616, 6AGS, etc.
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RESISTANCE COUPLED AMPLIFIER

“‘The resistance coupled audio frequency amplifier is shown in
Fig.'27. It is distinguished by a coupling condenser (C1) be-
tween the plate of one tube and the grid of the next and re-
sistors from the plate to B plus and from the grid to ground.
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The audio frequency signal from the previous stage creates
an AF voltage drop across R1, which is applied to the grid
of V1. This AF grid voltage produces an AF plate current
in V1 which creates a signal voltage across plate resistor R3.
The voltage across R3 is the amplified output of V1, DC
grid bias is provided by cathode resistor R2 through which
plate current returns to the cathode. Condenser C2 bypasses
the signal fluctuations which appear across R2. The AF out-
put of V1 is coupled by condenser C3 to grid resistor R4 and
to the input grid of the succeeding stage.

Because of the fact that only resistors and coupling con-
densers of negligible reactance are used, the resistance coupled
amplifier has an extremely good frequency response. The re-
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actance of C3 at audio frequencies must be small compared to
the impedance of R4 for good amplifier response.

Fig. 28 shows the push-pull version of the resistance coupled
aniplifier.
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Applications.—The resistance coupled amplifier is almost
universally used as a voltage amplifier in receivers, record
players, and PA systems, audio amplifiers in general and in
some RF amplifiers for special use.

Advantages.—The resistance coupled amplifier has the ad-
vantage of excellent frequency response without the resonance
distortion often found in transformer coupled amplifiers. It is
simple and inexpensive to construct.

Limitations.—The gain of the resistance coupled amplifier
is much lower than impedance or transformer coupled types.
The resistance coupled amplifier is relatively inefhcient as a
power amplifier.

Variations.—Part of the coupling resistors may be bypassed
to give a falling response characteristic if compensation or
cqualization of the amplifier’s frequency response is desired.
The coupling condenser may be so proportioned as to give
increasing response at the higher amplified frequencies.

Tube Types Used.—Any triode, tetrode, or pentode.
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TRANSFORMER COUPLED AMPLIFIER

The AF transformer coupled amplifier is distinguished by
the use of an iron core transformer as a coupling circuit be-
tween tubes,

Fig. 29 shows the single-ended circuit.
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A signal from a previous stage or circuit is applied to the
grid of tube VI. This signal voltage produces pI{ate signal
current in the primary winding of transformer T, the sec-
ondary of which connects to the grid of V2. The transformers
used often have a step up ratio as high as 3 or 5 to 1 and the
gain of each stage is increased accordingly. DC grid bias is
provided by resistor R, through which plate current returns to
the cathode. Condenser C bypasses signal fluctuations which
appear across R.

In Fig. 30. is shown the push-pull transformer coupled am-
plifier. As shown, transformers must be center-tapped. If
the amplifier is well balanced, a bypass condenser across R3is
not necessary.

Because of the resonances present in audio transformers, the
extra gain realized from them is accompanied by deviation
from flat frequency response. Coupling transformers must be
designed for the plate and load impedances they are to match
and also for the signal level they transfer.
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Applications.—The transformer coupled AF amplifier is
used in audio frequency amplifiers in receivers, speech ampli-
fiers and PA systems. As a voltage amplifier, it has been
largely replaced by the resistance coupled type using high
gain tubes.

Advantages.—The advantages of the transformer coupled
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amplifier are circuit simplicity and the possibility of high gain
when a step up transformer is used.It also provides phase in-
version where a center-tapped secondary connects to push-pull
grids. It further provides correct matching of widely different
tube and load impedances.

Limitations.—The transformer coupled amplifier is subject
to the resonance effects resulting from the inductances and
distributed capacities of transformer windings, making it difh-
cult to get uniform wide band amplification. Transformers
are more expensive than R-C elements.

Variations.—When air core tuned transformers are used,
the circuit becomes an RF amplifier. Powdered iron core
transformers are used for RF amplifiers, and especially IF
amplifiers.

Tube Types Used—Any triode, tetrode or pentode.
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DIRECT COUPLED AMPLIFIER

The direct coupled amplifier (see Fig. 31 is a resistance
coupled amplifier whose grid is connected directly to the plate
of the previous stage rather than through the conventional
coupling condenser. Careful arrangement of voltages is neces-
sary since the isolating effect of the coupling condenser is lost.

B+

While the removal of the coupling cohdenser usually found
in AF amplifiers reduces the coupling reactance to zero at all
frequencies, it also introduces another problem. Since grid
and plate are directly connected, the DC plate potential of the
previous stage is placed on the grid of the amplifier.

The direct coupled amplifier is particularly suited to low
frequency operation because the reactance effect of a coupling
condenser is not present. For this reason, the circuit is often
referred to as a “direct current” amplifier, although it is also
suitable for AC signals.

Two plate power supplies are usually necessary in order to
keep the grid, plate and cathode potentials properly propor-
tioned without a coupling condenser. This dual power supply
arrangement is illustrated in Fig. 31. One arrangement, known
as the “Loftin White” amplifier, uses only one power supply
source and taps the various voltages from a bleeder. This cir-
cuit is shown in Fig. 32.

-Applications.——The direct coupled amplifier is used for am-
plifying very slow voltage changes (direct current amplifier)
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and for AC signals. It is found in servo-mechanisms very fre-
quently and in relay control mechanisms, slow variation con-
trol functions, seismographic and vibration amplifier work,
etc.
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Fig. 32

Advantages.—For equipment requiring the use of very low
frequencies (0-1000 cps) the direct current amplifier provides
a very flat response and negligible phase distortion.

Limitations.—The direct current amplifier tends to be very
unstable because of the plate supply voltage variations. This is
due to the fact that very slow changes in voltage can be ampli-
fied. Due to lack of grid blocking, great care must be exer-
cised in proportioning circuit voltages.

Variations.—As mentioned above, a circuit which makes
use of one, instead of two, power supplies is the “Loftin
White” arrangement in which all voltages are obtained from a
bleeder resistor as illustrated in Fig. 32. Balancing systems
utilizing two tubes per stage, and negative feedback circuits
are used for stabilizing direct coupled amplifiers,

Tube Types Used.—Any triodes, tetrodes, or pentodes.
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PUSH-PULL AMPLIFIER

The push-pull amplifier is distinguished by the use of two
tubes whose gride either connect to the ends of an input trans-
former secondary or are coupled respectively to th; two plates
of a preceding push-pull stage or phase inverter. (See Fig. 33.)
The plates of a push-pull amplifier are usually connected to the
ends of the primary of an output transformer or to other in-
terstage transformer.

Fig. 33

The signal is fed to the grids so that there is a phase dif-
ference of 180° between the grid voltages. This phase rela-
tion is produced either by a transformer or a phase inverter.
These grid voltages produce plate currents which are 180° qut
of phase with each other.

The balanced nature of the circuit causes even harmonic
distortion to be cancelled, giving an improvement in quality
over single ended amplifiers. Plate voltage is supplied to the
center tap of the primary of the output transformer.

Applications.—The push-pull amplifier is used for amplifi-
cation of both RF and AF signals. Its harmonic cancelling
property makes it useful in both applications. .

Advantages.——The push-pull amplifier cancels second, and
higher order even harmonics, of the signal being amplified,
thus creating little harmonic distortion. Another advantage
is the fact that the DC plate currents flow through the output
transformer primary in opposite directions (away from the
center). This causes the DC magnetizing effects of the two
halves on the core to balance each other, preventing saturation.
The out-of-phase plate currents cancel each other minimizing
coupling effects to other stages. Greater power level and ef-
ficiency are obtained with low distortion when properly ad-
justed, compared to single ended stages.

Limitations.—The push-pull amplifier requires two tubes
and must have a balanced driving source and a center-tapped
output transformer. For greatest output and efficiency, com-
plete tube and circuit balance is required.
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PHASE INVERTERS

A number of different types of phase inverter circuits are
used. Although they are the same in purpose, they differ
considerably and are thercfore treated here as separate circuits.
Four representative types which work on different basic prin-
ciples as follows are:

Fig. 34.—180 degree phase shift between grid and plate
voltages of a tube.

Fig. 35.—180 degree phase shift between grid and screen
voltages in a tube,

Fig. 36.—180 degree phase shift between grid and cathode
voltages in a tube.

Fig. 37.—180 degree phase shift between the voltages at the
ends of an inductor with center tap grounded.

It will be noted that resistance coupling is used in all of
these circuits’ except the last which uses impedance coupling.

Phase inverters became practical with the advent of high
gain amplifier tubes. Previously, the gain resulting from the
transformer ‘“step-up” was an important factor. It was im-
practical to substitute a phase inverter for a push-pull trans-
former because of the relative loss ingain. Modern high gain tubes
make amplification in the coupling circuits unnecessary and
allow full use of the excellent frequency response of resistance
coupling.

Another feature of these circuits is that negative feedback
can often be simultaneously introduced as an integral part of
the inverter circuit.The diagram of Fig. 149 with the dash line
connection and Figs. 150 and 151 all provide negative feedback
as part of the inversion process.

Applications.—Phase inverter circuits are used in audio and
video amplifiers in which a single-ended stage is to be coupled
to a push-pull stage without the use of an interstage trans-
former. Most high fidelity audio amplifiers and public address
systems use phase inverters. They are also used extensively
in all types of receivers.

Advantages.—Advantages of phase inverters are:

1. They allow resistance coupling between single ended and push
pull stages.

2. A large, heavy interstage transformer is replaced by a few
small components.

3. Phase inverters are less expensive.

4. Negative feedback can be incorporated as part of the circuit.

Limitations.—Phase inverters must produce a balanced out-
put to keep distortion to a minimum. The circuits are often
critical in this respect and must be carefully designed.
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Variations.—The four representative ones shown and sev-
eral others working on the same principles.

Tube Types Used.—Any audio frequency amplifier tubes,
except in Fig. 35, which requires screen grid tubes.
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PHASE INVERTER 1  Fis- 34.

In the circuit of Fig. 34. the input signal is applied to the
grid of VL. It is then amplified in the usual way and appears
at the grid of V3. The grid resistor of V3 is divided into two
parts. That part of the signal appearing across R is fed to
the grid V2, then amplified and applied to the grid of V4.
Since the grid_voltage of V4 has passed through one more
tube than the V3 grid voltage, the two voltages are 180 de-
grees out of phase as required.
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PHASE INVERTER 11 Fig. 35.

The circuit of Fig. 35. applies the principle that the signal
voltage appearing across an unbypassed screen resistor is 180
degrees out of phase with the grid voltage of the same tube.
The input voltage is applied to VI. The out-of-phase signal is
fed from the screen of V1 to the grid of V2.
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PHASE INVERTER III
The circuit of Fig. 36 works on the principle that the un-
bypassed cathode signal voltage is_in phase with the grid
signal voltage. The ground end of R thus has a voltage with

Fig. 36.

respect to cathode which is out of phase with the grid voltage
of V1. This out of phase voltage is effectively applied to the
grid of V2 since this grid is grounded. The grid voltages are
thus 180 degrees out of phase as required.

fig. 37. .

PHASE INVERTER 1V

The circuit of Fig. 37. uses inductor L to produce the neces-
sary 180 degree phase relation. The input signal voltage is
amplified through V1 in the usual way, using portion AB of
L as a load impedance. This signal then appears at the grid
of V2. Signal fluctuations in AB induce voltages of opposite
phase in the CB portion of L. This out-of-phase voltage is
applied to the grid of V3, thus accomplishing the required sig-
nal phase inversion between V2 and V3.
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NEGATIVE FEEDBACK ¢UNBYPASSED ELEMENTS)

Negative feedback is used in audio amplifiers. When audio
frequency voltage is fed back the input of an amplifier distortion
generated in the amplifier is canceled. Sufficient feed back will
give more equal amplification of all frequence response.

OUT (PUT
RAN

k

B+

Fig. 38.

One method of obtaining this feedback is to omit the bypass
condensers normally used on the cathode resistor and/or the
screen resistor. (See Fig. 38. aund 39.) Kemoving the by-
pass allows a signal voltage to build up across the resistor. As
the grid voltage becomes more positive, the plate current in-
creases. As the plate current increases, the voltage drop
across the cathode resistor (Fig. 38.) also increases, making
the grid more negative with respect to the cathode, and op-
posing the original grid voltage change. The effect of the un-
bypassed screen (Fig. 39.) is similar, but to a lesser degree.
As screen current increases, current is drawn away from
the plate. The plate and screen voltages are thus out of
phase. The unbypassed screen acts in opposition to the
signal (control) grid in producing plate current change.

Applications.—Negative feedback resulting from unby-
passed elements is used in audio frequency amplifiers to re-
duce distortion. The characteristics of beam power tetrodes
and pentodes are not as linear as those of triodes. Feedback
is used in amplifiers using these tubes to compensate for any
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distortion resulting from their use. Thus the relatively high
power sensitivity of beam tubes can be utilized without pro-
hibitive distortion. Negative feedback can be used in all types
of amplifiers of considerable gain to reduce distortion noise,
and hum voltages, and to improve their frequency response.

.

Fig. 39. B+

Advantages.—Negative feedback has the advantage that dis-
tortion tendencies inherent in the amplifier are compensated
for by the feedback action. The distortion of the output sig-
nal is fed through the output stage(s) in negative phase, thus
compensating for the original distortion. The unbypassed ele-
ment method of obtaining negative feedback is simple and
easy to arrange; it actually eliminates the bypass condenser,
a component normally used in amplifiers.

Limitations.—As with resistive and impedance networks
used to provide the path for negative feedback voltages, the
phase shift of signals of extreme frequencies may be such as to
constitute positive feedback and produce regeneration or oscil-
lation of the amplifier. For this reason, the amplifier gain
should be automatically reduced at extreme frequencies by
suitable dividing or shunting networks to prevent such posi-
tive feedback from occurring.

Variations.—Screen and cathode application of negative
voltages. Also current feedback from the load impedance to
an earlier amplifier stage. Voltage or current signal can be
fed back three or four stages in amplifiers if phase shift is
small over the useful frequency range. Cathode followers
hla_vfe inherently high negative feedback and negligible phase
shitt.
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NEGATIVE FEEDBACK (RESISTIVE)

Negative feedback is used in audio amplifiers. When some
of the audio frequency voltage in the output is fed back to a
previous stage in negative phase to the original signal voltage
appearing there, two advantages result. First, distortion which
is generated in the output stage cancels itself out. Second, if
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Fig. 40.

sufficient feedback is used, the output of the amplifier can be
made independent of input frequency. This means essentially
flat frequency response over the entire frequency range of use.

One method of obtaining this feedback is the resistive meth-
od. Fig. 40. shows an arrangement useful when two-stage
feedback is desired. In Fig. @l. is shown a method suitable
for negative feedback in one stage.

In the arrangement of Fig. 40., C is used as a blocking
condenser and usually is made large enough to have negligible
reactance at all trequencies amplified. Resistor R and the
cathode resistor of V1 thus act as a voltage divider. The
ratio of cathode resistance to the sum of the two resistances is
the feedback ratio.

Because the feedback voltage is 180 degrees out of phase
with the signal voltage at the cathode of V1, the feedback is
negative. If condenser C is chosen to have an appreciable
reactance at low frequencies, the feedback is less at these fre-
quencies and “bass boost” will result.

Fig. 41. shows another form of resistive feedback in which
the feedback traverses on(liy one tube. The feedback resistor
and R form a voltage divider. The portion of the plate signal
appearing across R is introduced into the grid circuit in nega-
tive phase
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Applications.—Negative feedback is widely used to stabilize
audio frequency amplifiers. It is used for this purpose in pub-
lic address systems and high fidelity amplifiers for AM and
FM receivers and record players. It is found most frequently
in amplifiers designed to take advantage of the high power
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Fig. 41,

sensitivity of beam power tubes. The feedback compensates
for distortion which often results from the non-linear char-
acteristics of tetrode and pentode power tubes. In high
fidelity systems, a selective feedback circuit is often used to
make the response curve favor the high frequencies or other
portions of the spectrum.

Advantages.—The advantages of resistive negative feedback
are:

1. Reduction of harmonic distortion.

2. Reduction of hum and other noises introduced in the
feedback stages.

3. It permits the use of beam tetrodes and pentodes as
power stages with a minimum of distortion.

4. The use of resistors as feedback elements eliminates fre-
quency discrimination.

S. Gives higher fidelity or wider amplifier response.

Limitations.-—Feedback reduces the gain of the amplifier
and makes it necessary to allow for this in the design. It
masr cause oscillation or instability at extreme frequencies.

ariations.—There are feedback circuits which utilize ca-

pacitive and unbypassed elements. Sometimes voltage is fed back
three or more stages.
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NEGATIVE FEEDBACK (CAPACITIVE)

Negative feedback is used in audio frequency amplifiers to re-
duce the distortion content of the output and provide uniform
amplitude response. This circuit (Fig. '42.) is the capacitive
method for providing negative feedback. Output audio frequency
voltage is coupled to a lower level point in the amplifier which
has a negative phase with respect to the output.

B+

Fig. 42,

One side of 1.2, the output transformer secondary, is con-
nected to ground. The other side of L2 is, therefore, above
ground by an amount equal to the audio potential across the
secondary. This audio potential is fed through condenser C back
to the grid of the second previous stage. The signa! at this grid
1s 180 degrees out of phase with the feedback voltage which is
accordingly negative.

Because the feedback opposes the incoming signal, the gain
of this type of amplifier is considerably less than that of units
not using feedback. This sacrifice is made worth while because
of the lowering of distortion which results. In practice, when
negative feedback is to be used, an amplifier is designed to have
extra amplification to make up for the loss in gain.

Applications.—This method of negative feedback is used
in the audio amplifiers in high fidelity receivers and PA systems.
It is frequently used in connection with pentode output tubes
which normally have a greater tendency toward distortion than
triode output tubes.

Advantages.—The capacity coupled feedback system is
simple and easy to install. It greatly improves the quality of
audio reproduction possible from an amplifier.

Limitations.—Negative feedback obtained by this circuit or
any other circuit reduces the gain of the amplifier. At extreme
frequencies, the feedback may become positive due to phase
shift in the system and thereby cause oscillation.

Variations.—Otler systems used to obtain negative feedback
are the resistive method and the unbypassed element method.
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ARC OSCILLATOR

The arc oscillator is distinguished by two electrodes con-
nected to a power source and an associated oscillatory circuit
as shown in Fig. 43.

Oscillation is provided by virtuc of the fact that an electric
arc has a negative resistance characteristic. When the arc
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Fig. 43

current increases, the voltage drop decreases. Since the in-
ternal resistance of the arc is very low, a series resonant cir-
cuit, L-C, is used rather than the more common parallel reso-
nant circuit. The arc oscillator is not suitable for frequencies
much above 200 ke and the output has a large percentage of
harmonic content. For these reasons, the arc oscillator is
rapidly becoming obsolete as a radio transmitter. There are
still 2 number of arc transmitters used for ship-to-shore com-
munication; but these will undoubtedly be replaced by vacuum
tubc types in the near future.

Applications,—The arc oscillator’s use is now confined pri-
marily to ship-to-shore installations which were made some timc
ago and are to be replaced soon by vacuum tube transmitters.

Advantages.—Considered in the light of modern progress,
there are few advantages in the use of an arc oscillator. The
eﬁquipment is rather simple in nature and adjustment is not dif-

cult.

Limitations.—There are many important limitations to the
arc oscillator circuit which account for the fact that, although
still used, it is rapidly becoming obsoletc. Most installations
are continued only until new vacuum tube equipment is eco-
nomically feasible. The biggest limitation is the inherent in-
stability of the circuit. The arc itself is never really stable,
and its characteristics are continually changing. Even under
the best of conditions, a high percentage of harmonic distor-
ltion is present in the cutput wave fundamental and the modn-
ation.




136 BASIC CIRCUITS
SPARK OSCILLATOR

The spark type oscillator is composed of a spark gap con-
nected in series with a parallel resonant circuit (L-C). A low
frequency source of power produces a voltage across C which
builds up until the gap breaks down and a spark is produced.
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Fig. 44

This discharge causes RF oscillations to be set up in the L-C
combination. These oscillations gradually die down until the
next power cycle peak causes the gap again to break down and
start another cycle. The circuit is shown in Fig. @4,

The damping effect and other factors cause the spark os-
cillator to produce a broad signal with high harmonic content.
Much interference is usually caused and for this reason the
spark transmitter is becoming obsolete. It is still used for
ship-to-shore communications although all units will undoubt-
edly be replaced by vacuum tube types in the near future.
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HARTLEY OSCILLATOR
The Hartley is one of the simplest self-excited oscillators.
Its distinguishing feature is the tapped coil used to obtain the
feedback necessary for oscillation. The circuit is shown in
Fig. 48 and 46. The coil is connected between the plate and

o
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the grid. The tap, usually located nearer to the grid end is
connected either directly, or through a condenser, to the cath-
ode of the oscillator tube. A blocking condenser is used to
isolate the high positive DC voltage on_the plate from the
negative DC voltage on the grid. The RF grid current flows
in the lower section of the coil while the RF plate current
flows in the upper section of the coil. The phasing of the
plate and grid currents in the coil is such that positive feed-
back to the grid is obtained and oscillation is made possible.

Since, in the basic Hartley, the plate is a primary element
of the oscillator (differing from its function in the electron
coupled Hartley) the plate current must be kept to a mini-
mum if greatest stability is desired. Generally, the basic
Hartiey, and other oscillators in which the plate is a primary
element, are used when power requirements are relatively
low or when stability is not a primary factor.

Both shunt (Fig. 46,) and series (Fig. 46) feed are illus-
trated to demonstrate the detailed circuit changes necessary
to change from one to the other. Shunt feed is well adapted
to applications in which it is_desirable to keep the tuned
circuit at ground potential. This is accomplished only at the
expense of using a well designed RF choke in the B plus lead.
Series feed eliminates the need for this choke but requires
that the tuned circuit be at a high DC potential (plate voltage)
above ground,

Applications.—The Hartley oscillator does not depend on
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the grid-plate capacity of the oscillator tube for feedback and
will, therefore, work well with almost any type of triode,
tetrode, or pentode. It is usually found in its basic form in
triode circuits. Most frequent applications of the basic Hartley
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circuit, are:

1. Superheterodyne local oscillator.

2. Transmitter master oscillator.

3. Audio oscillator.

4. Signal generator (RF and AF).

5. Code practice oscillator,

6. Frequency meter.

Advantages.—The main advantage of the Hartley oscillator
circuit is its simplicity. A minimum number of parts are
needed and only one coil winding is necessary. Although
the feedback ratio will change with frequency, this effect is
not critical. Once the tap has been properly adjusted, good
operation is obtainable over a wide range, although the output
power will vary to some extent.

Limitations.—One of the limitations of the basic Hartley
oscillator circuit is the fact that the coil must be tapped. This
makes it necessary to change three connections when chang-
ing from one frequency band to another, compared with two
for some other circuits (such as the Colpitts). Coupling be-
tween the two sections of the coil changes with frequency,
causing the feedback ratio to vary over a tuning range.

Variations.—Shunt or series feed are variations of the
Hartley circuit as illustrated in the diagrams. If the point
of RF ground potential is moved from the cathode to the
plate, the “grounded plate” Hartley circuit results. Another
variation is the electron coupled Hartley oscillator.

Typical Tubes Used.—Any triode, tetrode, or pentode, or
in triode section of 6K8, 12K8, 6]8, or 6]7.
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PUSH-PULL HARTLEY
The push-pull Hartley oscillator circuit is distinguished by
the fact that a coil with three taps is connected between the
respective plates of the two oscillator tubes (see Fig. 47).
The center tap is at ground potential to RF and is connected
to B plus. The other taps are connected through blocking
condensers (Cl and C2) to the grids as shown.
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Section A-D of the coil acts as the V1 oscillator coil; it is
connected between the plate and grid of V1 and the tap C is
coupled to the cathode. (Cl, C2, and C3 have negligible
reactance at the frequency uced.) RF grid current flows in
the C-D section of the coil and RF plate current flows through
the A-C section of the coil. V2 operates in the same fashion
as V1, D-C being the grid coil section and E-C the plate coil
section. The phasing of the grid and plate currents flowing
in the coil is such that positive feedback to the grids is ob-
tained and oscillation is made possible. The currents flowing
through V1 and V2 are 180° out of phase with each other
and produce a total RF voltage across A-E equal to twice the
RF voltage across each tube.

Applications.—The principal use of the Hartley push-pull
oscillator is as a master oscillator in transmitters and as a
generator in RF heating units.

Advantages.—The Hartley push-pull oscillator has the ad-
vantage that second harmonic distortion is canceled in the
output. It also uses fewer components than other push-pull
types.

Limitations.—The Hartley push-pull oscillator requires a
coil with five leads—three taps and the two ends. Being a
balanced circuit, the rotor of the tuning condenser cannot be
grounded unless the split stator type is used. These factors
make this oscillator type unsuitable for applications in which
band-switching and ganging (most receivers) are required.

Variations.—Shunt feed is possible but not practicable since
two RF chokes and plate blocking condensers would have to
be added to the circuit shown.

Tube Types Used.—Any triodes, tetrodes, or pentodes.
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GROUNDED PLATE BARTLEY

The grounded plate Hartley, shown in Fig. 48, is a varia-
tion of the basic Hartley circuit. This_circuit is changed to
the more familiar fundamental Hartley by moving the ground
and B minus connections to the cathode and lacing an RF
choke in the B plus lead. The grounded plate artley’circuit
is distinguished by the fact that the coil is connected between
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Fig. 48

grid and ground, and the cathode is connected to a tap on
this coil. The plate has no load impedance, but connects
directly to B plus.
- The plate runs at ground potential to RF; there are thus
RF voltages above giound on the cathode and the grid. For
this reason, output cannot be taken from the plate, but must
be coupled from the grid or cathode elements. When used
as a local oscillator in a superheterodyne receiver, output is
usually taken from the cathode, as ample voltage is usually
available there and loading effects are small because of the
low impedance of this part of the circuit. A variation of the
usual circuit is shown in Fig. 49. This variation shows the
use of a series grid leak and plate DC dropping resistor.
Applications.—The principal uses of the grounded plate
Hartley are as the local oscillator and as a beat frequency
oscillator in superheterodyne receivers. It will also occasion-
ally be found in signal generators, frequency meters, etc. The
RF grounding of the plate minimizes instability due to plate
current heating effects in the coil, but also limits the output
since the coil does not carry the RF plate current, and the
amplifying property of the tube is not used. Since there is no
RF voltage on the plate, output must be tapped off at the
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cathode or the grid, or inductively coupled from the coil. In
some cases, a load resistor is added in the plate circuit, mak-
ing it possible to build up an RF voltage on the plate. Al-
though power output is reduced, better stability results from
the limiting effect of the series resistor. Qutput is then coupled
from the plate through a condenser
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Advantage.—The main advantage of the grounded plate
Hartley circuit is that the plate, which carries the most cur-
rent, is at ground RF potential. Direct heating effects in the
plate circuit and loss of RF into the plate supply are thus
minimized.

Limitations.—The power output of the grounded plate
Hartley circuit is relatively low because the amplifying prop-
erty of the tube is not used as fully as it is in other types.
The circuit does not lend itself very well to band switching
because the coil is tapped and three connections are necessary
in the switching process instead of two as in some other types.
The tap on the coil must be carefully adjusted to give best
results and the turns ratio may change from band of band
because of changes in distributed capacity.

Variations.—If a screen grid tube is used, and the screen
grid is substituted for the plate, an electron coupled Hartley
oscillator is created.

A load resistor is sometimes added in the plate circuit. This
plate resistor allows an RF voltage to build up on the plate.
The resistor is in series with the feedback circuit and reduces
the output power and, if too large, can stop oscillation. It
also gives a stabilizing action by limiting feedback.

Typical Tubes Used.—Any triode or multi-element tube con-
nected as a triode or with screen bypassed to ground can be
used. As described above, multi-element tubes can be con-
nected as the electron coupled variation.
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COLPITTS OSCILLATOR

The Colpitts oscillator obtains the feedback necessary to
support oscillation by dividing the tuned circuit into two
parts, as shown in Figs. 50 and s1. This division is accom-
plished by means of a capacitive voltage divider made up of
C1 and C2 in series, shunted across the coil L. It will be
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noticed that the principle involved is the same as that used
in the Hartley circuit except that it is the capacity which is
tapped instead of the coil. The RF voltage across C1 is the
plate portion and the RF voltage across C2 is the grid por-
tion. The feedback ratio is therefore dependent on the ratio
of thé two capacitances. The smaller capacity has the larger
RF voltage across it since its reactance is greater. Because
the ratio of the reactances does not change with frequency,
a constant feedback ratio over a tuning range can be main-
tained providing the reactance ratio is not disturbed. The
ratio can be kept constant by adding a separate variable con-
denser or by making C1 and C2 parts of a split stator con-
denser. The separate tuning condenser method is desirable
in applications in which great stability is desired because C2
can be made a large fixed capacitance. This large capacitance,
is then shunted across the grid to cathode capacitance,
making the effects of the latter on the frequency of oscillation
negligible,

Shunt feed is shown in Fig. §0) and series feed is shown
in Fig. 51, but the former type is almost always used. Series
feed is usually not practical because it necessitates tapping
the coil. Tapping the coil nullifies one of the most important
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advantages of this circuit since it adds another coil conncection

to be switched in multi-band applications, L
Applications.—Some of the most important applications of
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the Colpitts circuit are:

1. Local oscillator in superheterodyne receivers.

2. Signal generator RF oscillators.

3. Master oscillators for transmitters.

4. Grid dip meters, Q meters and other test equipment.
The constant feedback ratio over a tuning range makes the
Colpitts very well suited to use in instruments and equipment
where constant output is desirable.

Advantages.—Constant feedback ratio over a tuning range,
thus improving the output vs. frequency characteristic. One
coil, without any taps, is used, facilitating switching or the
use of plug-in coils. A large fixed capacity (C2) can be
shunted across the grid to cathode internal capacity, thus
minimizing frequency shift due to applied voltage change.

Limitations.—To make full use of its advantages, the circuit
requires two more condensers than are generaily used (Cl
and C2 besides the tuning condenser). C1 and C2 may be
varied for tuning purposes; but unless a gang condenser is
used, the ratio will change, altering the feedback and the
output. Frequency stability is similar to that of the Armstrong
oscillator.

Typical Tubes Used.—Any triode, tetrode, or pentode, or
the triode section of multi-element tubes as the 6K8, etc.

Variations.—Electron coupled Colpitts, series feed (seldom
used) The Colpitts principle is also used in the ultraudion
oscillator which uses tube capacities for Cl1 and C2.
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ARMSTRONG OSCILLATOR

The Armstrong oscillator obtains the feedback necessary
to support oscillation by means of the transformer formed
by coils L1 and L2. (Figs. 52 and 53)

The amount of feedback is determined by the degree of
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coupling between L1 and L2 The degree of coupling de-
pends upon the physical position and the number of turns used
in each coil. Grid bias is obtained in Fi% 52 (series feed) by
means of a series grid leak; in Fig. 53 by the shunt type of
grid leak. In practice the series feed arrangement (Fig. '52)
1s preferred because the RF choke is not critical, and, in fact,
can often be eliminated.

The two separate coil windings of the Armstrong oscillator
add a slight complication. But the two-winding arrangement
is very flexible and allows careful adjustment of feedback.

Applications.—This circuit is widely used in superheterodyne
receivers as a local oscillator and is particularly common in
all wave receivers. There are a number of other widely diversi-
fied uses including most RF oscillator applications, except
those where a minimum of coil leads are desired. In many
applications, such as signal generators, frequency meters, etc.,
the advantage of being able to adjust feedback overcomes the
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disadvantage of many coil leads. It is therefore frequently
found in these units.

Advantages.—Since the feedback ratio can be varied by
either changing the number of turns in L2 or by changing
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its proximity to L1, feedback adjustments are more easily
made than in other types of oscillators.

Limitations.—The use of four connections on the coil makes
it inconvenient to switch coils or make compact inductances
of the plug-in type for multi-band use, etc. Frequency stability
is subject to component temperature variations and direct load
reaction in the tuned circuit.

Variations.—Electron coupled circuits sometimes use the
Armstrong oscillator arrangement in the grid-cathode-ground
section. (See electron coupled Armstrong basic circuit.) An-
other common use is as a regenerative detector.

Tube Types Used.—Any triode, tetrode, or pentode, or the
oscillator section of converter tubes such as the 6KS8, etc.
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ELECTRON COUPLED HARTLEY -

The electron coupled Hartley oscillator is distinguished by
the coil connected between the grid and ground (through
blocking condenser C3) and with a tap connected to the
cathode of the tube. A screen grid tube must be used and
the plate load impedance may be a tuned circuit as shown in
Fig. 54 or an RF choke or resistor.

Fig. 54 B+ 8-

The screen-grid of the tube acts as the anode of the primary
ascillator circuit, and is coupled back to the bottom of the
coil through condenser C4 and ground. Oscillator RF grid
current passes through section A-C of the coil, while oscillator
RF screen current flows through section A-B. The phasing
of the screen and grid currents is such that positive feedback
to the grid is obtained and oscillation is made possible. Grid
voltage variations resulting from this oscillation vary the
electron stream and the RF voltage appears in an amplified
form at the plate. -

Since the plate is not part of the primary oscillating circuit
plate load, applied voltage variations do not affect the oper-
ating frequency nearly as much as in oscillators in which the
plate is a primary element.

Applications.—The Hartley electron coupled oscillator cir-
cuit is used as:

(a) Master oscillator in transmitters.

(b) Local oscillator in superheterodynes.

(c) Signal generator RF oscillator.

(d) Heterodyne frequency meter.

(e) Beat frequency audio oscillator.

Advantages.—The Hartley electron coupled oscillator is
much more stable than the basic Hartley type. Harmonic out-
put can be obtained by tuning C2-L2 to the desired harmonic.

Variations.—The electron coupled principle can be used
with other oscillator circuits connected to the grid, screen
and cathode combination. (See Colpitts and Armstrong elec-
tron coupled circuits.) The circuit may be used with an RF
choke or a resistor in the plate circuit if fundamental frequency
output only is desired.

Limitations.—Requires tapped coils for tuning which are
not as easily switched for band changing as are circuits using
untapped coils.

Tube Types Used.—Any tetrode or pentode.
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ELECTRON COUPLED COLPITTS
The electron coupled Colpitts circuit is distinguished by
the grid coil L1 connected across dividing condensers C3 and
C4 in series as shown in Fig. 55. The common terminal A
of these two condensers connects to the cathode of the tube.
The cathode DC return is provided by RF choke RFC.

L

Fig. §§5

Condensers C3 and C4 divide tank circuit L1-Cl into two
parts. Oscillator RF grid current flows through C3 and
oscillator RF screen current flows through C4. The phasing
of the screen and grid currents is such that positive feedback
to the grid is obtained and oscillation is made possible. Grid
voltage variations resulting from this oscillation vary the elec-
tron stream and the RF voltage appears in an amplified form
at the plate. ’

Since the plate is not part of the primary oscillating circuit,
plate current and plate thermal and loading variations do not
affect the operating frequency as much as in oscillators in
which the plate is a primary element.

Applications.—The Colpitts electron coupled oscillator is
used as a master oscillator in transmitters and occasionally as
a local oscillator in superheterodyne receivers and in signal
generators. The necessity for extra tank condensers (C3 and
C4) and the RF choke RFC make the electron coupled Col-
pitts less popular than the electron coupled Hartley.

Advantages.—The Colpitts electron coupled oscillator is
much more stable than the basic Colpitts due to the isolation
between the plate and the primary oscillation circuit. In addi-
tion, it allows placing rather large capacitances (C3 and C4)
across the interelectrode capacitances of the tube, thus re-
ducing the effect which heating usually has upon the operating
frequency of an oscillator, .

Limitations.—The Colpitts electron-coupled circuit requires
gllgé:se of dividing condensers C3 and C4 and the RF choke

Variations.—Other basic oscillator circuits may be used in
the grid-screen-cathode section of the electron coupled circuit.
Tube Types Used.—Any tetrode or pentode.
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ELECTRON COUPLED ARMSTRONG
. The electron coupled Armstrong circuit shown in Fig. 56
is distinguished by separate grid and screen coil windings
(L1 and L2). The grid coil is tuned. Either a tuned circuit
(L3 and C3) or some fixed impedance such as an RF choke
or resistor is connected in the plate circuit.

5
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By transformer action, screen current fluctuations are
coupled from L2 back to L1 and the grid. The phasing of
these currents is such as to produce positive feedback and
oscillation is made possible. Grid voltage variations resultin
from this oscillation vary the electron stream and the R
voltage appears in an amplified form at the plate.

Since the plate is not part of the primary oscillating cir-
cuit, plate current and plate thermal variations do not affect
frequency stability nearly as much as in oscillators in which
the plate is a primary element.

Applications.—The Armstrong electron coupled oscillator is
occasionally used as a master oscillator in transmitters but
finds its most frequent use as a local oscillator in super-
heterodyne broadcast receivers.

Advantages.—The Armstrong electron coupled oscillator is
much more stable than the basic Armstrong circuit due to
the isolation between the plate load and the primary oscil-
lation circuit.

Limitations.—The electron coupled Armstrong circuit has
the disadvantage of having two separate coil windings in the
primary oscillating circuit, making coil switching more cum-
bersome than in other types.

Variations.—Other basic oscillator circuits may be used in
the grid-screen-cathode section of the electron coupled circuit.
(See electron coupled Hartley and Colpitts circuits.)

Tube Types Used.—Any tetrode or pentode.

Fig. 56
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PUSH-PULL TPTG

The push-pull tuned-plate tuned-grid circuit is distinguished
by the fact that two separate tuned coils are used; one is con-
nected between the plates of the two tubes, the other between
the grids of the two tubes (V1 and V2) as shown in Fig, 57.
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Fig. 57

The tuned circuits L1-Cl1 (grids) and L2-C2 (plates) are
resonated at the same frequency. The RF energy in the plate
circuits is fed back to the grids and re-amplified. Positive
feedback is thus established and oscillation produced. The
internal capacitance of the tube (Cg) provides the necessary
coupling between the grid and plate circuits.

Since in this oscillator the plates are primary elements of
the oscillator (differing from electron coupled oscillatorsg the
plate current must be kept to a minimum if greatest sFability
1s desired.

Applications.—The principal use of the push-pull TPTG
oscillator is as a master oscillator in transmitters and as a
generator in RF heating units. The fact that two circuits must

e adjusted simultaneously and the fact that the rotors of the
variable condensers cannot be grounded without the use oi
split stators make the push-pull TPTG circuit unsuitable for
use as a local oscillator in superheterodynes.

Advantages.—The TPTG push-pull oscillator has the ad-
vantage that second harmonic distortion is canceled in the
output. More output is obtained than with a single tube
circuit.

Limitations.—In the push-pull TPTG oscillator two separate
tuned circuits must be adjusted, making ganging and tracking
with other circuits impractical. This problem is further
heightened by the fact that the rotors of the variable con-
densers cannot be grounded unless the split-stator type is
used. Proper tracking of plate and grid circuits for good
efficiency is difficult. R .

Variadons.—Shunt feed is possible but not practicable since
two RF chokes and plate blocking condensers must be added
to the circuit shown.

Tube Types Used.—Any triodes, tetrodes or pentodes.
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REVERSED FEEDBACK OSCILLATOR
(TUNED PLATE)

The reversed feedback tuned plate oscillator shown in Fig
58 obtains the feedback necessary to support oscillation from
the transformer action (coupling) between 1.2 and L1. The
RF current in the plate circuit creates an RF voltage in the
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grid circuit in such phase that it builds up oscillation. As in
the Armstrong oscillator, the feedback is dependent on the
coupling between L1 and 1.2 and the number of turns in
each. As in other oscillators using inductive coupling, the
feedback varies with the frequency.

The reversed feedback oscillator is similar to the Armstrong
type. The difference is that in the reversed feedback oscil-
lator, it is the plate circuit instead of the grid circuit which
is tuned. DC plate voltage can be removed from the coil by
using shunt feed, in which case the blocking condenser C is
connected between the plate aud the top of the tuned circuit.
The high voltage is then applied through an RF choke directly
to the plate.

Fig. 58 shows the series feed arrangement and Fig. 59 shows
the shunt feed "arrangement. In Fig. 58, the grid to ground
bias method is used and Fig. 59 uses a series grid leak. Either
bitas method can be used in either circuit.
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Applications.—The reversed feedback oscillator is occasion-
ally found in superheterodyne receivers, RF signal generators,
and transmitter master oscillators. The applications of the
reversed feedback oscillator are identical to those of the
Armstrong oscillator. Since the Armstrong has a number of
significant advantages, it is used more often.
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Advantages.—The feedback in this oscillator circuit is easier
to adjust than in most types because it is a function of both
the number of turns in L1 and L2 and the proximity of the
two coils.

Limitations.—The tuned circnit is at high DC potential
unless shunt feed is used. If shunt feed is used, a good RF
choke is needed in the plate circuit. There are four coil con-
nections, making switching and construction of plug-in coils
more difficult. Frequency stability is subject to component
temperature variations and direct load reaction in the tuned
circuit,

Variations.—The reverse feedback circuit can be used in an
electron coupled oscillator although the Armstrong type is
usually preferred.

Tube Types Used.—Any triode, tetrode, or pentode, or the
oscillator section of frequency converter tubes such as 6KS§,
etc.
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TUNED PLATE TUNED GRID (TPTG) OSCILLATOR

Proper tuning requires two controls unless a gang con-
denser is used. With series feed, the gang condenser must
have electrically separated rotors to prevent the shorting of
the high voltage to ground. If shunt feed is used, both rotors
may be grounded. In the ganging process, variations in the
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distributed capacity from coil to coil and the effective induc-
tance of each may introduce some tracking problems.

The TPTG circuit can be used with either series or shunt
feed as illustrated in Figs. 60 and 6L In Fig. 60 bias is
obtained by a grid to ground resistor, while in Fig. 61, a series
grid leak is used. Either method may be used with both
circuits.

The TPTG oscillator utilizes the grid to plate capacity of
the oscillator as a means of obtaining feedback. The circuit
is similar to that of a transformer coupled RF amplifier with
the difference that in the latter, oscillations are prevented by
neutralization. Tuned circuits L1-C1 and L2-C2 are resonated
at the same frequency, which is the operating frequency. RF
voltage feedback from the plate circuit, through the grid to
plate capacity, to the grid circuit supports oscillation.

Applications.—The principal use of the TPTG oscillator is
as a master oscillator in transmitters. Self-excited oscillator-
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teansmitters have made considerable use of it in the past,
and its principle has been adapted to crystal control in which
form it is widely used. The inconvenience of two tuning con-
densers makes the TPTG oscillator impractical for such uses
as superheterodyne local oscillator, signal generators, fre-
quency meters, etc.
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Fig. 61

Advantages.—The TPTG oscillator circuit has the advan-
tage of great flexibility of tuning. Because both plate and
grid circuits can be tuned, optimum feedback and frequency
conditions can be obtained, with resultant gain in output
and stability.

Limitations.—TPTG oscillators are inconvenient to tume
because of the two circuits which must be resonated. At rela-
tively low frequencies when a multi-element tube is used, it is
often necessary to add another condenser between plate and
grid to increase the feedback capacity.

Variations.—The fundamental principle of the TPTG oscil-
lator is also used in a crystal oscillator and the TNT type in
which the grid coil is tuned by its distributed capacity instead
of an external condenser.

Tube T Used.—Triodes are most adaptable, because
their high plate to grid capacity provides more feedback neces-
sary for oscillation,
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TNT OSCILLATOR (TUNED NOT-TUNED)

The TNT oscillator has a tuned circuit in the plate reson-
ated by means of condenser Cl. The grid circuit contains a
coil (I.2) which is self resonant to the same frequency as that
of the plate circuit; that is, it is tuned to resonance by the
distributed capacity in the conil, together with the input capac-
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ity of the tube. The feedback path is through the grid to
plate capacity of the tube. Since the L/C ratio of the grid
circuit is high (distributed capacity is relatively low), the Q
of this circuit is low. The grid tuning is, therefore, broad
enough to permit the plate circuit (which should have a high
Q) to be tuned over a considerable range of frequencies with-
out serious loss of feedback. The range of efficient operation
can be detected by a broad dip in plate current and rise in
grid current as the plate circuit is tuned.

The grid circuit tuning cannot be made broad enough to
provide efficiency over the frequency range necessary in most
superheterodyne receivers, signal generators, etc. The TNT
circuit is best adapted to fixed frequency operation or uses
in which frequency range used is small.

The TNT circuit may be used with either series or shunt
feed as illustrated in Fig. 62 and 63. In Fig. 62, bias is ob-
tained through the use of a grid to ground resistor; and in
Fig. 63 a sertes grid leak is used. Either method may be used
with both circuits.
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Applications.—The TNT oscillator is limited to applica-
tions which are either of the fixed frequency type or require
only small tuning variations. As such, its main use i1s as a
master oscillator in transmitters.

Fig. 63
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Advantages.—In applications rcquiring a small tuning range,
the TNT has the advantage that only two coil connections
are necessary (for switching or plug-in). The grid circuit acts
as a frequency guide in tuning since the oscillator plate cur-
rent will only dip when the plate circuit is tuned to the grid
rcsonant frequency. Only a single tuning condenser is required.

Limitations.——Frequency tuning range of the TNT oscillator
is limited by the broadness of the grid circuit which, for good
efficiency, is not sufficient to cover the range used in receivers,
signal generators, frequency meters, etc. The frequency sta-
bility characteristics of this oscillator are not outstanding due
to the low grid tuning capacitance used.

Variations.—Shunt feed is illustrated in the diagram. Series
fced can alse be used. For series feed, the blocking condenser
C is moved to a point between the bottom of the coil and the
cathode. B plus is then connected to the bottom of the coil
and no RF choke is necessary. The TPTG oscillator is the
same circuit except that an extra condenser is added to tune
the grid coil. The conventional crystal oscillator uses the same
principle by substituting a quartz crystal for the grid coil (see
crystal oscillator).

Tube Types Used.—Any triode, teirode, or pentode.
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MEISSNER OSCILLATOR

The Meissner oscillator can be distinguished from other
oscillator circuits by its use of a separate tuned circuit which
is inductively coupled to the tube elements. This tuned circuit,
L1-Cl1, controls the frequency of oscillation. The amount of
coupling between L1 and the other coils L2 and L3 determines
the feedback ratio which effects oscillation.

RF plate current, flowing in L2 produces RF current in the
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Fig. 64 8+
tuned circuit 1.1-Cl. The current in L1 in turn induces a
voltage across L3, which is applied to the grid. The feedback
path is thus established. Since the resonance of L1-C1 allows
only the resonant frequency to feedback, the frequency of
oscillation is controlled by this circuit.

The Meissner circuit is of note particularly because capaci-
tive coupling between the resonant circuit and the tube ele-
ments is practically eliminated. In this way, variations in out-
put with ehanges in frequency are limited.

The Meissner circuit may be used with either series or
shunt feed as illustrated in Figs. 64 and 6S. In Fig. 64, bias
is obtained through the use of a grid to ground resistor; and
in Fig. 65, a series grid leak is used. Either method may be
used with both circuits.

Fig. 66 shows the electron coupled version of the Meissner
in which the screen acts as the anode and energy is delivered
to the plate load through the electron stream. .

Applications.—The Meissner circuit is suitable for uses in
which a wide range of frequencies must be covered. It is
used as a local oscillator in superheterodyne receivers and is
applicable to use in signal generators.
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Advantages.—The priucipal advantage of the Meissner oscil-
lator circuit is the fact that no capacitive coupling is used
between the tuned circuit and the tube. Frequency stability
is good. There is no DC voltage on the tank circuit.
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Fig. 65
Limitations.—The Meissner oscillator circuit is somewhat
limited in application by the fact that three separate coil
windings are needed, making it less flexible for coil changing
and band switching.
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Fig. 66
Variations—Can be used in electron coupled circuit as

shown in Fig. 66.
Tube Types Used.—Any triode, tetrode, or pentode.
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ULTRAUDION CIRCUIT

The ultraudion circuit (Fig. 67) has the distinguishing char-
acteristic that there is no visible division between grid and
plate portions of the coil LL1. This circuit has no coil tap
such as does the Hartley or capacity divider as does the
Colpitts.
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In the ultraudion, the grid to cathode and the cathode to
plate capacitance form a divider which performs the same
iunction as do the dividing capacitors used in the Colpitts
circuit. In other words, the operation is exactly the same as
the Colpitts circuit except that the dividing capacitances are
the interelectrode capacitances of the tube plus stray capaci-
tance in the wiring.

This nakes the feedback ratio entirely dependent upon the
characteristics of the tube and the stability subject to all the
heating effects in the tube elements. Adjustment of feedback
is only possible by addition of another condenser between
grid and cathode or plate and cathode, or both.

Applications.—Because of the lack of control over feedback
ratio and stability, the ultraudion has very few practical uses.

Advantages.—The advantage of the ultraudion circuit is
that it is simple and requires coniparatively few components
since it uscs interclectrode capacitances in place of external
components.

Limitations.—\With the ultraudion oscillator it ts not pos-
sible to control (even in design) the feedback ratio and there-
fore it is very difficult to obtain good efficiency. Stability is
also very difficult to obtain because the fcedback ratio is de-
termined by tube constants alone and is subject to variations
due to tube heating.

Variations.—The addition of external capacitances to sup-
plement interelectrode capacitances produces the Colpitts
circuit.

Tube Types Used.—Any tricde, tetrode or pentode.
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KLYSTRON OSCILLATOR

The Klystron oscillator is distinguished by the use of two
resonant cavity assemblies (C and D) connected by what is
called a “drift tube” E. Most components of the circuit are
part of the mechanical construction of the tube. (Fig. 68)

The Klystron tube is known as the ‘velocity-modulated”
type and works on the principle of alternately bunching and
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thinning the electrons in the cathode stream. Electrons from
cathode A are focused and accelerated by electrode B and
pass through the grids Gl and G2 of resonator C. The elec-
trons passing through these grids when the grids are positive
are accelerated; those passing through on the negative half of
the cycle are slowed down, thus the “bunching” effect is pro-
duced. The bunches of electrons pass through the grids G3
and G4 of “catcher” resonator D, producing on it the output
electric ficld within chamber D signal voltage. Some of this
output is fed back to the buncher cavity C and grids Gl and
G2 by feedback link F, and oscillation is supported.
Applications.—The Klystron oscillator is able to produce
stable microwave RF energy with relatively good efficiency.
Limitations.—The Klystron oscillator has cavity resonators
fastened to the tube. These resonators are onlv good for use
at one frequency except for some types which include flexible
resonators which give a small frequency variation. The size
of the resonators involved limits the tube to use at frequencies
in the microwave region. Oscillation is possibly only at certain
tuhe element potentials as a function of physical dimensions.
Variations.—Variable resonators are provided on some Kly-
strons.
Tube Types Used.—Klystron tube typcs according to op-
erating conditions desired.
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NEGATIVE RESISTANCE MAGNETRON OSCILLATOR

The negative resistance magnetron oscillator is distinguished
by the fact that a magnetron must be used in conjunction with
a coil which surrounds the tube. A tuned circuit is used and
connected as shown in Fig. 69. The coil surrounding the tube
is energized by passing DC current through it. A magnetic
field is thus produced in the magnetron. The behavior of
electrons in a magnetron in combination with the effect of the
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Fig. 69
magnetic field causes a negative resistance to develop across
the anodes of the tube. This negative resistance supports os-
cillation, the frequency of which is controlled by the tuned
circuit,

This magnetron oscillator is different from the magnetron
electron oscillator in that the latter can only operate on fre-
quencies determined by the geometry of the tube.

Good efficiency can be obtained at high frequencies provid-
ing good high impedance components are used and the mag-
netic field is of the proper value. This type of oscillator is
being used to generate energy at frequencies as high as 600 mc.

Applications.—It is used in pulse signalling systems, radar
and U.H.F. relay links where its operating frequencies are ap-
propriate,

Advantages.—The magnetron oscillator can generate RF
power of the order of hundreds of watts in its optimum fre-
quency range. Its frequency is quite stable, and is easily
varied. Its output is variable according to the anode potential
used and may be easily supplied, through coupling, to other
circuits,

Limitations.—The magnetron has good efficiency over but a
comparatively limited frequency range. Its operation is af-
fected by magnetic fields in the vicinity.

Variations.—Multi-anode magnetron circuits and multi-
electron chamber types associated with the magnetic and elec-
trode structures,

Tube Types Used.—Any magnetron of suitable rating and
physical characteristics for the service desired.
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ELECTRONIC MAGNETRON OSCILLATOR

The electron type magnetron oscillator consists of a mag-
netron tube with a magnetic field and a tuned circuit connect-
ed to the anodes. The circuit is shown in Fig. 70.

Electrons emanating from the cathode at the center of the
magnetron tube take a curved path and spin around in the
area between the cathode and the anodes. If the tuned circuit
is adjusted to the proper frequency, the gyrations of the elec-
trons cause changes in the anode potentials of that frequency.
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Fig. 70

The frequency of oscillation is determined primarily by the
geometry of the magnetron tube. Most magnetrons are de-
signed so that they operate efficiently somewhere in the range
between 20 and 100 centimeters. Rather high power can ie
obtained from such oscillators and as much as 200 watts has
been obtained at a frequency of 60 ¢m.

Applications.—It is used to %_tl:nerate RF energy in pulse sig-
nalling systems, radar and U.H.F. relay links where its oper-
ating frequencies are appropriate.

Advantages.—The electronic magnetron oscillator can gen-
erate considerable RF power of the order of hundreds of watts
in its optimum frequency range. Its frequency is quite stable.
but it is easily tunable and continuous. Its output is variable
according to the anode potential used and may be supplied,
through coupling, to other circuits. Tt tunes at discrete points
due to tube geometry and magnetic field.

Limitations.—The electronic magnetron has good efficiency
over a comparatively limited frequency range (more restricted
than that of the negative resistance magnetron oscillator).

Variations.—Multi-anode magnetron circuits and multi-
electron chamber types associated with the magnetic and elec-
trode structures.

Tube Types Used.—Any magnetron of suitable rating and
physical characteristics for the service desired.
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BARKHAUSEN OSCILLATOR

The Barkhausen oscillator differs from other oscillators in
that a positive DC voltage is placed on the grid and a negative
DC voltage is placed on the plate. External tuned circuits are
never used since they have no effect on the frequency of oscil-
lation. Fig. 71 shows the circuit.

. The positive voltage on the grid draws the electrons toward
it. When these electrons reach the grid, however, they pass
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Fig. 71

between the narrow wires and proceed toward the plate. They
are soon turned back by the plate’s negative charge to return
through the grid and start the cycle again. The frequency
of oscillation is determined by the geometry of the tube ele-
ments and the plate and grid voltages. External circuit con-
stants have only a minor effect on the frequency.

The Barkhausen circuit overcomes transit time difficulties
in ordinary tubes and makes it possible to use these tubes at
frequencies above the normal range for negative grid circuits.
Care must be taken that grid dissipation is not excessive.

Applications.—The Barkhausen oscillator is used in experi-
mental setups to generate limited amounts of very high radio
frequency energy.

Advantages.—’l‘he advantages of the Barkhausen oscillator
lie mainly in its abiilty to generate extremely high frequency
energy with a tube of normally low frequency ratings. This
makes the circuit adaptable for use in experimental microwave
generators.

Limitations.—The Barkhausen oscillator has very limited
power output and efficiency. This is due to the inefficient
method of generating oscillations and the fact that the grid
at which most of the power is dissipated has a low dissipation
rating.

Variations.—The circuit is sometimes rearranged so as to
eliminate the RF choke in the grid circuit and place a con-
denser between cathode and grid. Magnetron oscillators use
the same principle of operation,

Tube Types Used.—Any triode can be used, but types with
cylindrical elements and magnetrons are particularly useful
RF energy of a wavelength of a few centimeters is easily ob-
tainable with magnetrons.
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CRYSTAL OSCILLATOR

The crystal oscillator in its fundamental form is one which
uses a crystal connected from grid to ground and a plate
tuned circuit which resonates at the crystal frequency.

The circuit (Fig. 72) is fundamentally a tuned-plate tuned-
grid oscillator except that a crystal is used as the grid tuned

-

ouTPUT

3
£

Fig. 72

circuit. Positive feedback is provided by the grid to plate
capacity of the tube. At very low RF frequencies or when
pentodes are used, it is often necessary to use an external
capacity connected between the plate and the grid to provide
sufficient feedback.

The crystal oscillator circuit shown is useful because of its
simplicity and the fact that the components necessary are not
as critical as those found in more elaborate types of crystal
osiillators. Output can be obtained on the crystal frequency
only.

Applications.—The principal use of the simple crystal oscil-
lator is in transmitting equipment. It is particularly adapted
to crystal controlled RF units in which frequency multiplica-
tion 1s not necessary.

Advantages.—The main advantages of the crystal oscillator
circuit are its simplicity and the fact that components and
operation are not critical.

Limitations.—The simple crystal oscillator cannot be used
as a self-contained multiplier as is the case with the tritet
oscillator. When the grid to plate capacitance is high (as
with triodes) there is danger of injury to the crystal due to
excessive feedback unless the power is kept quite low.

Variations.—None.

Tube Types Used.—Any triode, tetrode or pentode of low
power comnensurate with the frequency and size of the crys-
tal used. Triodes oscillate most easily but tend to give the
highest crystal currents. :
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PIERCE OSCILLATOR (CRYSTAL CONTROLLED)

The Pierce oscillator uses a crystal as a feedback path
between the grid and plate circuits of the tube. Fig. 73 is the
electron coupled version of the Pierce circuit; the feedback
is between the grid and the screen which acts as the anode.
The RF generated is then coupled through the electron stream
to the plate circuit. Fig. 74 shows the basic Pierce circuit
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Fig. 73

in which the plate acts as the anode. This circuit is not as
popular as that shown in Fig. 73 because with equal output the
crystal current is greater. This is due to the fact that the
crystal is connected to the plate instead of the screen. In
both versions, the crystal acts as a series resonant circuit,
offering a very low impedance to the resonant frequency and
a very high impedance to all others. In this way, only the
energy of the desired frequency can be fed back to the grid
and the oscillation can occur only at this frequency.

One of the most important characteristics of the Pierce
oscillator is the fact that there are no tuned circuits which
require adjustment. If the components are properly chosen,
crystals resonant at widely different frequencies will oscillate
when placed in the circuit. Depending upon the value of
screen voltage used, it is often best to use a blocking con-
denser between the screen and the crystal,

Applications.—The Pierce circuit is used in transmitters to
minimize the number of tuning operations. Since there are
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no elements to be tuned in this oscillator, frequency changes
can be made by simply changing crystals. Another common
application is in crystal controlled signal generators used for
alignment and calibration purposes.
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. Advantages.—The advantages of the Pierce circuit are its
simplicity and compactness, and the fact that no tuning con-
trols are necessary. A minimum of parts is needed %or its
construction. Because the frequency is controlled by the
crystal used, frequency stability is much better than is o tain-
able with tuned L-C circuits.

Limitations.—Due to the fact that the Pierce circuit uses
resistance components, the relative losses are higher than in
circuits utilizing coils. In order to maintain the crystal cur-
rent within safe limits and reduce heating and attendant fre-
quency drift, the output of the oscillator must be limited.
Since in the Pierce oscillator this means that output is limited
to the order of a few watts, it can only be used where small
output power is sufficient.

Variations—The Pierce circuit can be used in either the
clectron coupled version (shown) or as a straight triode oscil-
lator, in which case the plate, instead of the screen, is the
anode. It is often desirable to isolate the crystal from the
DC supply. Screen and plate voltages may be fed through
RF chokes for higher efficiency. Plate tuning may also be
used in the electron coupled arrangement to accentuate either
the fundamental or a harmonic of the crystal frequency.
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GRID-PLATE CRYSTAL OSCILLATOR

The grid-plate crystal oscillator is a crystal controlled elec-
tron coupled oscillator. The circuit is distinguished by its use
of a cathode tuned circuit in which respect it is similar only
to the “tritet” circuit. (See Fig. 75.)

The control grid, screen, and cathode are the elements of
the primary crystal oscillator circuit and when the circuit
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L1-Cl is tuned to a frequency somewhat lower than that of
the crystal, oscillations are produced. The frequency of these
oscillations is controlled by the crystal. Energy is supplied
to the plate load through the electron stream. The plate reso-
nant circuit L2-C2 may be tuned to the fundamental (crystal
frequency) or to a multiple (harmonic) of the crystal
frequency.

The grid-plate crystal oscillator is well adapted to use as a
frequency generator and multiplier for transmitters.

Applications.~—The grid plate oscillator circuit is frequently
used in transmitters as a combination RF generator and fre-
quency multiplier. Its design allows crystal control and the
ability to produce considerable amounts of power at harmonic
frequencies.

Advantages.—The main advantages of the grid-plate circuit
are its high harmonic output and the isolation of the crystal
from the load.

Limitations.—With tetrodes having a relatively high plate
to grid capacity, the grid-plate arrangement cannot be oper-
ated at full power output on the fundamental frequency.
Feedback in this case can easily be sufficient to heat and frac-
ture the crystal. Frequency stability is not as good as that
obtainable with circuits in which the crystal alone determines
the frequency. The operating frequency of the grid-plate
oscillator is partially dependent upon the values of L1 and Cl.

Variations.—Tritet oscillator.

Tube Types Used.—Any tetrode, or pentode.
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TRITET OSCILLATOR

The tritet oscillator is an electron coupled oscillator with
crystal control. The circuit has two main distinguishing char-
acteristics, as shown in Fig. 76. One is the use of a quartz
oscillating crystal between the control grid and the cathode
of the tube. The other is a tuned circuit between the cathode
and ground.
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The crystal and the tuned circuit L1-Cl are connected to
the tube elements in a manner that produces oscillation. When
the tuned circuit L1-Cl is tuned to a considerably higher fire-
quency than that of the crystal, oscillations take place. These
oscillations occur at the resonant frequency of the crystal
They also cause variations in the control grid potential, caus-
ing the RF signal to appear in amplified form in the plate
circuit. The plate resonant circuit L2-C2 may be tuned to the
fundamental (crystal) frequency or to a harmonic (multiple)
of that frequency. The circuit is thus suitable for use as an
RF generator and multiplier in one stage.

Applications.—The tritet circuit is frequently used in trans-
mitters as a combination RF generator and frequency multiplier.

Advantages.—The main advantages of the tritet circuit are
its high harmonic output and the isolation of the crystal circuit
which it affords. For example, a 3 mc crystal can be used and
good output obtained at 3, 6, 9, or 12 mc.

Limitations.—With tetrodes having a relatively high plate
to grid capacity, the tritet arrangement cannot be operated at
full power output on the fundamental frequency. Feedback in
this case can easily be sufficient to heat and fracture the
crystal. Frequency stability is not quite as high as that ob-
tainable in circuits in which the crystal alone determines the
frequency. Tuning of L1-Cl will shift the frequency slightly.

Variations.—Grid-plate crystal oscillator.

Tube Types Used.—Any tetrode or pentode.
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PUSH-PULL CRYSTAL OSCILLATOR

The push-pull crystal oscillator circuit (Fig. 77) is distin-
guished by a center-tapped coil connected between the plates
of the two tubes and a quartz crystal connected between the
two grids. Since the circuit is balanced and both sides of the
crystal are at an RF potential above ground, the DC grid
return is through the two RF chokes RFC.
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The tuned circuit L-C is resonated to the crystal frequency.
RF from the plates is fed back through the grid-plate capacity
to the grids. This produces positive feedback and oscillation.
The circuit thus acts as a TPTG oscillator (see elsewhere)
with the crystal acting as the grid resonant circuit.

Because the crystal will only oscillate at one frequency, the
oscillator frequency is controlled by the crystal and an order
of stlability normally unattainable by self-controlled oscillators
results.

Applications.—The push-pull crystal oscillator is used as a
master oscillator in transmitters in which the stability of
crystal control and low harmonic content of push-pull oper-
ation are desired,

Advantages.—Due to the use of crystal control, this oscil-
lator is much more stable than self-controlled types. The
use of push-pull operation cancels out second harmonic energy
and eliminates it from the output. Greater output is available
compared to single tube types.

Limitations.—The rotor of the variable condenser cannot
be grounded unless the split stator type is used.

Tube Types Used.—Any triode, tetrode or pentode. At low
frequencies, when tetrodes or pentodes are used, external con-
densers connecting the plate and grid of each tube are often
necessary because of low grid-plate capacity.
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RC TUNED OSCILLATOR

The RC tuned oscillator is distinguished by the fact that
two tubes are connected in cascade and that parallel and series
RC circuits are connected to the grid of one tube (R1-C1 and
R2-C2). The circuit is shown in Fig. 78

This circuit is essentially a two-stage resistance coupled am-
gliﬁer in which the output of the second plate (V2) is coupled

ack to the grid of the first tube VI through the resistor-
capacitor combination R2-C2, Because two tubes are used,
this feedback is positive and oscillation is made possible. The
lamp in the cathode of VI must be chosen to match VI’s cath-
ode current. The frequency of oscillation is governed by the
time constants of R1-C1 and R2-C2. Tuning is usually by variation
of Cl and C2 which operate together and are generally ganged.
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The combination of the lamp in the cathode lead and the
resistor R3 provides a negative feedback voltage, which con-
trols the amplitude of oscillation. This control of amplitude
is necessary to keep the distortion to a minimum, and reduces
the effect of applied voltage variations on frequency and output.

The RC tuned oscillator is probably the most stable and
distortion-free oscillator for producing audio frequency and
low radio frequency signals,

Applications.—The RC tuned oscillator is used in highly
stable and distortion-free audio frequency signal generators
and other test equipment in which a signal of excellent wave
form is needed.

Advantages.—The use of resistance coupling and amplitude
control makes the RC tuned oscillator extremely stable in fre-
quency and amplitude and capable of producing a very good
wave form. A much wider frequency tuning range is avail-
able than with other types of audio oscillators,

Limitations.—Two tubes are required for the RC tuned oscil-
lator and a relatively large number of resistors and condensers.
Good design limits the tuning range to a frequency ratio of
about 10 to 1 in the audio band.

Variations.—The RC tuned oscillator is a variation of the
general type also represented by the push-pull negative re-
sistance oscillator, except that in the RC tuned oscillator am-
plitude control is greater.

Tube Types Used.—Any triode, tetrode, or pentode.
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PHASE SHIFT OSCILLATOR

The distinguishing characteristic of the phase shift oscillator
is the use of a single tube in an RC circuit including a series
of phase shifting RC meshes shown in the diagram as R1-Cl,
R2-C2, R3-C3. See Fig. 79.

This phase shifting network changes the phase of the sig-
nal from the plate in steps until it has been changd 180 de-
grees. It is then in phase with the grid voltage and is thus
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fed back to the grid positively to produce oscillation. For
a given series of R and C values, there is a definite frequency
at which the phase is reversed completely; this is the frequency
at which oscillation takes place.

The phase shift oscillator is probably the simplest of the RC
oscillator types. Because of the large number of condensers
in the frequency controlling RC network, the circuit is not
adapted to use over a large tuning range.

Application.—The phase shift oscillator is very useful as a
fixed frequency oscillator. As such, it is used to produce AF
voltage in signal generators and other test equipment, code
practice oscillators, clectronic organs and other fixed fre-
quency devices.

Advantages.—The phase shift oscillator has the advantage
of simplicity over other RC oscillator types. Choice of the RC
components allows an adjustment of frequency to any reason-
able value, Excellent wave form and stability are obtainable
in the audio frequency range. Only one tube is used. Narrow
range tuning can be achieved, but calibration accuracy is rela-
tively poor.

Limitations,—Because of the fact that a number of con-
densers (Cl, C2, C3) or resistors (R1, R2, R3, R4) must be
varied simultaneously, the phase shift oscillator is not adapted
to operation over a tuning range. Operation on radio fre-
quencies is not practical because of the losses involved with
suitable phase shift components. Qutput is very low. The
load affects the Q shift and therefore the frequency.

Variations.—More or less phase shifting resistors and con-
densers may be used in the phase shift oscillator. The mini-
mum number to produce a complete 180 degree phase change
is usually three sections as shown.

Tube Types Used.—Any triode, tetrode, or pentode.
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MAGNETOSTRICTION OSCILLATOR

The magnetostriction oscillator is characterized by the use
of a metal rod as a frequency controlling device. The circuit
is shown in Fig. 80. The rod is placed in the grid and plate
coils, which are placed so that there is no coupling, or mutnal
inductance, between them. The rod is made to have a mag-
nctomechanical resonance at the frequency at which oscilla-
tion is desired.

Fig. 80

Since there is no mutual inductance between the coils, oscil-
lation does not take place until the rod is inserted in the coils.
Then any electrical impulse in a coil magnetizes the rod
causing it to alter its dimensions (magnetostrictive effect)
and tend to vibrate mechanically. This mechanical vibration
in turn induces a voltage in a second coil. Feedback and
oscillation at the resonant frequency of the rod are thus estab-
lished. Oscillation is very critical in frequency and is de-
termined by the composition and dimensions of the material.

This circuit was developed- and is used for generation of
supersonic waves. The rod will radiate supersonic energy at
its self-resonant frequency.

Applications.—The magnetostriction oscillator is used for
generating and radiating supersonic waves in the frequency
range from 15 kc to 4 mc or higher. Audio frequencies can
also be generated in this manner.

Advantages.—The magnetostriction oscillator is simple in
construction and is one of the few ways of creating and radi-
ating supersonic energy efficiently. Tuning is very sharp as
the magnetostrictive material has a very high effective Q.

Limitations.—Oscillation frequency depends entirely upon
the physical properties and dimensions of the material and
can be changed only slightly by external means. Production
of the magnetostrictive materials for many desirabic frequen-
cies is very expensive. Oscillator output is dependent upon
the frequency (the amount of material used) to a great extent.

Tube Types Used—Any triode, tetrode or pentode.
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FRANKLIN OSCILLATOR

The Franklin oscillator, illustrated in Fig. 81, is composed
of two tubes in cascade, resistance coupled, with the output of
the second tube fed back to the grid of the first tube. A tuned
circuit (L-C) is then added at the grid of the first tube, to lock
the oscillations into its resonant frequency. This frequency
is also affected by time constants CI(R14+R3) and

C2(R2-+-R4).
Fig. 81

The signal from thz grid of V1 passes through V1 and V2,
each tube adding a 180° phase shift. The signal is thus fed
back to reinforce the original grid voltage and produce oscil-
lation. This action is similar to that in a multivibrator but
in this case a tuned circuit is added and the tubes are operated
in such a manner as to produce a good wave form.

The tuned circuit L-C is usually coupled so loosely to the
tube that the tube constants have little effect on the frequency
of oscillation.

Applications.——The Franklin oscillator is used for general
oscillator purposes in audio and the lower radio frequency
ranges.

Advantages.—The Franklin oscillator circuit is a relatively
simple RC oscillator and is controlled by an I.C circuit giving
good wave form and stability, especially at frequency steps
corresponding to the time constants CI(R1+4-R3) and
G2(R24-R4).

Limitations.—Oscillator frequency output and efliciency are
not constant over a uniform frequency range due to the effect
of the time constant circuits in absorbing energy, and in
tending to determine frequency steps. Two tubes are required
along with other components which make the circuit more ex-
pensive to construct than other oscillator types.

Variations.—The Franklin oscillator is one of a group of
types which make use of a two stage amplifier to shift the
phase sufficiently to produce positive feedback. Others are the
push-pull negative resistance type and the multivibrator type.

Tube Types Used.—Any triodes, tetrodes or pentodes.
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DYNATRON OSCILLATOR

The Dynatron oscillator (Fig. 82) is distinguished by the
fact that the plate voltage is made lower than the screen
voltage and a tuned circuit is usually connected in the plate
circuit. Like the transitron, the Dynatron oscillator .makes
use of the negative resistance characteristic which a tube can
be made to have through the use of the proper operating con-
ditions. In these oscillators, the plate secondary emission is
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made to produce this negative resistance characteristic by
operation with a screen voltage higher than the plate voltage,

The Dynatron oscillator is suitagle for audio frequency and
low radio frequency operation.

Applications.—Because of its relative stability compared
with many other types and its adaptability to a_wide tuning
range, the dynatron has been frequently used in frequency
meters and calibrators. It is suitable for an economical, low
output signal generator covering the AF and low RF range.
1t is simple and easy to construct.

Advantages.—The main advantage of the dymatron oscil-
lator is its simplicity. Although not as stable as some other
oscillators, its stability is relatively good. Its stability is par-
ticularly good with respect to changes in applied voltages.
Thus th power supply generally need not be regulated, mak-
inifor lower cost equipment.

imitations.—The Dynatron oscillator is not as stable as
some other types of negative resistance oscillators as, for in-
stance, the transitron. It is not suitable for high power ap-
plications. A rather limited range of tube operating voltages
must be used to achieve the dynatron characteristic wth any
particular tube type.

Variations.—The transitron and other negative resistance
oscillators are simply variations of the same principle in-
volved in the operation of the dynatron.

Tube Types Used.—Any tetrode.
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TRANSITRON OSCILLATOR

The transitron oscillator (Fig. 83) can be recognized by the
fact that a pentode is always used and the positive voltage on
the screen is greater than that on the plate. A negative volt-
age is applied to the suppressor through the resistor R.

The transitron oscillator depends for its operation on the
fact that when conditions are as described above, the tube of-
fers a megative resistance to the tuned circuit. In other words,
a decrease of screen voltage causes an increase in screen cur-
rent and vice versa, due to the relative effect of the suppressor
and screen grid fields.
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The transitron, like other RC negative resistance oscillators,
is well suited to use as an audio oscillator. It is similar to the
dynatron oscillator but has more output and uses modern tube
types.

Applications.——The transitron oscillator is used in_audio
oscillators designed as test equipment and in other AF gen-
erator applications such as modulated RF signal generators;
also in telephone line ampllﬁers giving frequency correction.

Advantages.—The transition oscillator, like other RC oscil-
lators, is relatively stable at audio frequencies because there
are no resonant circuits. Its outnut is greater than that of
the dynatron oscillator. A greater frequency range is pos-
sible than with LC tuned oscillators hecause the frequency is
inversely proportional to capacity rather than the square root
of capacity as in tuned circuit oscillators. The wave is clcan
and free of harmonics. An m]ected sngnal can easily be made
to control the frequency. The circuit is simple and econom-
ical, using but a single tube.

Limitations.—Tube element voltages must be held within
rather narrow operating limits for good operation. Opera-
tion is unstable with variable loading and requires a buffer
stage for best resultls‘las an AF oscillator. Output varies with

frequency unless is maintained constant. To do this,

two or three elements have to be varied simultancously with
frequency tuning. Thus it is impractical for use as a wide
range oscillator. Operation can be obtained satisfactorily
from 10 cps to 10 ms with proper adjustments,
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PUSH-PULL NEGATIVE RESISTANCE OSCILLATOR
(KALLITRON)

The push-pull negative resistance oscillator is distinguished
by the fact that two tubes are used connected in cascade as
resistance coupled amplifiers with the output of each plate
coupled to the grid of the other tube. A tuned circuit is added
between the two plates, as shown in Fig 84.

The signal on the grid of VI is amplified in the plate cir-
cuit, coupled through ‘Cl1 to the grid of V2 and then appears
at the plate of V2, whence it is coupled back to the grid of
VI. Positive feedback is thus produced and the system oscil-
lates. The frequency of oscillation is controlled by the tuned
circuit L-C3 along with the time constants of C1 (R1 4 R3)
Vi
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and C2(R2 + R4). The more nearly L-C3 resonates to the fre-
quency or a harmonic of the frequency determined by the time
constants of C1(R1 + R3) and C2(R2 + R4), the better the
frequency stability and the better the output wave shape.

Applications.—The push-pull negative resistance oscillator
is used at audio and lower radio frequencies. As an audio
?scillator, it is useful to provide a stable signal of good wave
orm.

Advantages.—Oscillation is most stable at frequencies which
are harmonics of that determined by the time constants of
C1(R!1 4 R3) and C2(R2 + R4). Thus, frequency steps can
be chosen with the tuned circuit which are useful for fre-
quency identification or measurement purposes.

Limitations.—Oscillator frequency output and efficiency are
not constant over a uniform frequency range due to the effect
of the time constant circuits in absorbing energy, and in tend-
ing to determine frequency steps. Also, two tubes are re-
quired along with other components which make the circuit
more expensive than other oscillator types.

Variations.—The Franklin oscillator is a variation of the
push-pull negative resistance type. The only difference be-
tween the two circuits is that the controlling L-C tuned circuit
is balanced and connected between the plates on the push-
pull type. The Franklin oscillator couples the tuned circuit

Tube Types Used.—Any triode, tetrode, or peantode.
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MULTIVIBRATOR
The multivibrator circuit is an oscillator consisting of two
tubes connected as resistance coupled amplifiers in cascade.
This circuit is shown in Fig. 85. The output of the second
tube, V2, is coupled back to the grid of the second tube, V1.
Because each tube introduces a 180° phase shift, any im-
pulse starting at the grid of V1 and passing through the cir-
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cuit will be reinforced by the voltage fed back from the plate
of V2 to the grid of V1. This positive feedback builds up
until the circuit oscillates. The frequency of oscillation is de-
termined by the time constants formed by Cl, R1, and R4, and
C2, R2, and R3 which give the conduction time of each tube.

The wave form of t%:e signal produced by a multivibrator
oscillator is very irregular and the output is thus rich in har-
monics. It is also very easy to regulate, or “lock” -the fre-
quericy of oscillation by means of a synchronizing signal
injected into the circuit.

Application.—The large number of harmonics and ease of
frequency synchronization account for a variety of uses of
the multivibrator. One of the most important applications is
its use in frequency measuring devices. Secondary RF fre-
quency standards starting with a 100 kc oscillator and using a
multivibrator to produce 10 kc marker points are quite com-
mon. Other uses include electronic counters and timers,
frequency dividers, etc.

Advantages.—The multivibrator has two main advantages.
First, its output is rich in harmonics (through the 100th and
h_ighelr) and second, it can easily be controlled by an injected
signal.

imitations.—The distortion and the operating conditions
of the multivibrator make it unsuitable as a primary signal
source.

Tube Types Used.—Any triode, tetrode, or pentode.
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BLOCKING OSCILLATOR

The blocking oscillator is a variation of the Armstrong
tuned grid type. It is rearranged so that it can be locked
into a synchronizing voltage fed into the circuit as shown in
Fig. 86, The circuits are broadly tuned near the desired
frequency (preferably lower) by means of the distributed ca-
pacity.
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Its purpose is to produce pulses in the output circuit as a
result of a controlling voltage fed to the grid. The Q of the
coils is very low due to the use of distributed capacity for
tuning and the fact that very tight coupling is used. The grid
leak R is made very high in resistance so that as soon as an
oscillation starts, the resulting grid current causes a sharp
cut-off in the wave form.

Because of these characteristics, the blocking oscillator is
useful in television receivers for producing pulses or increments
of high frequency oscillation which can be synchronized with
the incoming signal and used to trigger the sweep circuits,

Applications.—The blocking oscillator is frequently used in
television receivers for synchronizing with video pulses of the
incoming signal. The circuits are made sufficiently broad to
facilitate “locking” of the oscillations to the synchronizing
pulses of the television signal.

Advantages.—The blocking oscillator is simple and easy to
construct. If properly designed, it will easily “lock” itself to
a synchronizing voltage fed into it.

Limitations.—Voltages and operating conditions must be
adjusted carefully to produce desired type of oscillation.

Tube Types Used.—Any triode, tetrode or pentode.
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GAS TUBE RELAXATION OSCILLATOR

The gas tube relaxation oscillator is distinguished by the
use of a simple series RC circuit connected across a voltage
source and a gas tube connected across the condenser. The
circuit is shown in Fig. 87.

When the voltage is applied, current flows through resistor
R and into condenser C, charging it gradually up to the “fir-

R
AVAVAY: 4

Fig. 37

ing” voltage of the gas tube. When this firing voltage is
reached, the gas tube suddenly becomes a short circuit and
discharges the condenser C. The same cycle then starts
again. The frequency at which this cycle occurs depends
upon the values of resistance and capacitance used. Large
condensers make for a lower frequency since they take longer
to charge. Larger values of resistance make for a lower fre-
quency by limiting current flow and thus increasing charging
time.

The frequency of oscillation of a gas tube relaxation oscillator
can be approximated by the expression:

1

RC

Applications.—The gas tube relaxation oscillator is used for
generating audio frequency signals when wave form and sta-
bility are not important factors. One such application is tone
generation in the less expensive type of signal generator.
Another is as a very cheap sawtooth generator for oscil-
loscopes.

Advantages.—The main advantage of the gas tube relaxa-
tion oscillator is its simplicity and low cost, requiring only a
resistor, a condenser, and a gas tube.

Limitations.—1le gas tube relaxation oscillator is unstable
and the wave form is distorted approaching a sawtooth shape
as the source voltage becomes large compared to the firing
voltage of the gas tube,

Variations—The same principle is used with triode gas
tubes in which the amplitude and frequency of oscillations are
controlled by a bias on the grid.

Tube Types Used.—Neon bulbs, voltage regulators such as
VRI05, VRI50, etc, and thyrations such as 884, etc.
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SELF-RECTIFIED OSCILLATOR

The self-rectified type of oscillator is distinguished by the
fact that AC power is fed into the plates by means of a trans-
former, the secondary of which is center tapped and connected
to the cathodes of the tubes through a filter choke. The cir-
cuit is shown in Fig. 88. The plates and grids of the tubes
are coupled to tuned circuit L.-C in such a manner as to produce
positive feedback and make RF oscillation possible.
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Fig. 88

The plates draw pulsating DC current; each tube conducting
when its plate becomes positive. Filter choke L1 smoothes
out these pulsations; and if the two halves of the circuit are
well balanced, the ripple percentage will be fairly low.

The fact that AC power can be fed directly into the oscil-
lator without a separate power supply makes this circuit adapt-
able to uses in which it is necessary to work with a minimum
of power supply equipment and some ripple can be tolerated.

Applications.—The self-rectified RF oscillator is used mainly
in shipboard transmitters and as a generator in RF heating
units. It is very difficult to eliminate the ripple from the RF
output and therefore this circuit is seldom used in radio-
telephone or good CW transmitters.

Advantages.—This circuit has the advantage that it is sim-
ple and plate DC power is not required. As shown, it is of
the push-pull type and the second harmonic content of the
output is low.

Limitations.—Because of the fact that AC power and RF
cnergy are applied to the same tubes, the self-rectified oscil-
lator is inherently subject to hum ripple modulation which is
difficult to remove completely. It has poor frequency sta-
bility characteristics.

Variations.—The self-rectified principle may also be used
in connection with a single ended oscillator provided two tubes
are used in parallel in the RF circuit and push-pull in the
power rectifier s:ction. AC can be applied directly between
the center tap of the plate tank circuits and ground.

Tube Types Used.—Any triodes, tetrodes or pentodes. The
tubes used are ordmanly of the transmitting type and must be
capable of carrying the peak plate current and withstanding
peak voltage of one-half of the secondary .
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DIODE MIXER

. The diode mixer circuit is distinguished by the fact that the
incoming signal and the oscillator RF output are both applied
between the plate and cathode of a diode vacuum tube. In re-
ceivers, the incoming signal is usually fed in through a tuned
circuit or antenna coil. The oscillator voltage is fed into the
mixer either capacitively or inductively bv coupling to the tuned
circuit. The circuit is shown in Fig. - 89
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The detection effect of the diode causes the sum or difference
frequency currents to flow through R and build up a voltage
across the IF transformer primary. This circuit in conjunction
with an oscillator tube makes up the front end of a super-
heterodyne receiver. This type of detector finds its widest use
at high RF frequencies where the loading and transit time effects
of ordinary mixer tubes become excessive. Because the electron
stream flows only to the:x])late and no other elements are present,
the noise level of the diode mixer is quite low, The diode mixer
is also suitable for mixing low RF and audio frequencies. In
this application it is usually used because of its simplicity.

Applications.—The diode mixer is frequently used in high
frequency receiving equipment. Its low transit time, loading
effect, and capacity make it especially suitable for receivers oper-
ating on frequencies above gg mc. The diode mixer is also
used for mixing audio tones and low frequency RF signals in
receivers and test equipment. This latter use is usually in equip-
ment in which compactness is an important consideration.

Advantages.—The principal advantages of the diode mixer
are low input capacity and transit time effects. These two fac-
tors make the loading on high frequencies less than that of other
types of mixers. Although it requires filament voltage, no plate
screen, etc., power must be supplied. The fact that the electrons
need flow to only one element (the plate) causes the relative
noise level of the diode mixer to bhe low. .

Limitations.—No conversation gain can be obtained from a
diode mixer and a separate oscillator is always required.

Tube Types Used.—6H6, 7A6, etc., also diode sections of
multi-element tubes and tubes with all elements but cathode tied
together.
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CRYSTAL MIXER
The crystal mixer circuit is distinguished by the fact that the
incoming signal and the oscillator ﬁJF output are both applied
across a crystal detector. In receivers, the incoming sigmal is
usually fed in through a tuned circuit or antenna coil. The oscil-
lator voltage is fed into the circuit either capacitively or in-
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(‘iucft‘i‘vely by coupling to the tuned circuit. The circuit is shown
in Fig. .

The detecting action (non linear impedance) of the crystal
causes the sum or difference frequency currents to build up a
voltage across the primary of the IF transformer. The front
end of a superheterodyne receiver can thus be constructed with
the oscillator the only tube required. This type of detector is
used mainly at high frequencies where the loading and transit
time effects of ordinary mixer tubes become excessive. The
crystal detector has negligible transit time effect and its capaci-
tance is very low.

The crystal mixer is also suitable for mixing low RF and
audio frequencies where it is sometimes used because of its
simplicity and compactness.

Applications.—The crystal mixer is frequently used in high
frequency receiving equipment. Its low transit time loading
effect and capacity make it especially suitable for receivers oper-
ating at frequencies above 50 mc. The crystal mixer is also used
for mixing audio tones and low frequency RF signals in receivers
and test equipment. This latter equipment is usually of the type
in which compactness is an important consideration.

Advantages.—The advantages of a crystal mixer are as
follows:

1. Compactness

2. No filament or other external power required

3.Negligible transit time loading

4. Low capacity

Limitations.—A crystal detector is not veEy stable unless it
is set for less than its maximum sensitivity. Commercial crystal
detectors preset at the factory are adjusted for the best com-
promise. A separate oscillator is always required.
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TRIODE MIXER

The triode mixer was one of the first mixer circuits used. It
was employed in early superheterodyne receivers because multi-
element tubes were not yet available. Although converter tubes
have been developed to eliminate the use of a separate oscillator,
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the triode mixer is still desirable because of its low noise level
compared to that of mixer circuits cmploying multi-element tubes.
The triode mixer requires the use of another tube in a separate
oscillator.

Fundamentally the circuit is a triode connected as an amplifier
with its grid circuit tuned to the irequency of the received signal.
The plate circuit is usually the primary of the first IF trans-
former and is tuned to the intermediate frequency. Oscillator
voltage is fed into the grid circuit. A number of methods have
been developed to inject this oscillator voltage, two of which are
shown here. Fig. 91 shows the cathode injection system and
Fig. 92 the inductive system.

The non-linear characteristic of the grid circuit and of the
amplification curves of the tube causes the difference or sum
frequency to become available in amplified form in the plate cir-
cuit. The desired heterodyne is selected by the tuned primary of
the TF coil.
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Applications.—The triode mixer has been used in super-
heterodyne receivers of all frequency ranges. With the develop-
ment of the more compact and efficient pentagrid converter for
low frequencies, the tridoe mixer has found more favor in the
high frequency region. Having a lower noise level and less
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loading effect than the pentagrid type thc triode mixer competes
with and is usually more desirable than the pentagrid type at
frequencies above 50 mc.

Advantages.—The principal advantages of the triode mixer
are:

1. Low noise level (bctter signal to noise ratio).

2, Less loading effect than mixers employing multi-element
tubes.

3. Less oscillator “pulling.”

Limitations.—The gain of a triode mixer is less than that of
multi-element types and therefore the conversion transconductance
is lower.

Variations.—The variations of the triode mixer are mainly
in the means of injecting the oscillator voltage. Two of these
methods are shown here in Fig. 91. and Fig. .92. Others are
illustrated in the basic circuits on injection methods.

Tube Types Used.—Any triode, Fpreferably those with high
perveance (gm/C) for the higher RF range.



184 BASIC CIRCUITS
PENTODE MIXER

RF pentodes are used as mixers to gain the advantage of
their efficiency at high frequencies. Good RF pentodes have
relatively low input and output capacitances. They also have a
high gin (transconductance). This combination makes for
good amplification or conversion efficiency on high frequencies.
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Since the pentode of itself does not provide sufficient elements
for a self-contained oscillator, a separate oscillator tube must
be used.

Fundamentally the circuit is a pentode connected as an am-
plifier with its control grid circuit tuned to the frequency of
the. received signal. The plate circuit is usually the primary of
the first IF coil and is tuned to the intermediate frequency.
Oscillator voltage is fed into the grid circuit. A number of
methods have been developed to inject this voltage, and two
of them are shown in Fig. 93 and 94. Fig. 94, shows the
cathode injection system and Fig. 94. the inductive system.

The non-linear characteristic of the grid circuit and the am-
plification curves cause the difference and sum frequency to be
available in amplified form in the plate circuit. The desired
heterodyne is selected by the tuned primary of the IF coil.
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Applications.—The pentode type of mixer is used in various
types of superheterodyne receivers to provide the non-linear
medium necessary to mix the received signal and the local os-
cillator. The high gm of RF pentodes makes it useful at high
frequencies. It gives good conversion efficiency.
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Advantages.—The advantages of the pentode mixer are
mainly in the gain available at the higher frequencies. This
gain is possible because in good RF pentodes the input and
output capacitances are relatively low and the gm of the tube
is very high. When these two things are true at the same time,
the tube is said to have a high “perveance” and therefore gives
greater gain.

Limitations.—Although the pentode mixer has a high gm, it
has several important gisadvantages:

1. The fact that there are five elements in the tube causes
the noise level of a pentode mixer to be higher than that of a
triode. The noise level is not as bed as in a pentagrid con-
verter.

2. Since no extra grid convenient for injection is ‘provided,
coupling between oscillator and incoming signal is quite high.
This leads to oscillator “pulling” much greater than if “elec-
tronic” mixing were used.

Tube Types Used.—Any Pentode.
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BALANCED MIXER

The balanced mixer circuit is shown in Fig. 95.

The input circuit to the grids is balanced and usually tuned,
as shown, with a split stator condenser. Input from either an
antenna and ground or an RF stage is fed in at points A and G.
The bias resistor R is adjusted so that the tubes operate on the
bend in the Eg-Ip curve in the same manner as a square law de-
tector (see elsewhere). This provides the non-linear necessary to
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crcate the heterodyne (intermdiate) frequency. The intermediate
frequency transformer is tuned to the heterodyne frequency and
selects the intermediate frequency signal from the other signals
appearing in the plate circuit. A second or heterodyning signal
;is coupled into the grid circuit such that it is superimposed on the
rst.

A separate oscillator is always necessary. The circuit arrange-
ment places the grid to cathode input capacitances in series across
the tuned circuit, reducing the effective capacity across the tuned
circuit. This factor, and the fact that the circuit is balanced,
make the circuit very well adapted to high frequencies.

Applications.—The balanced mixer finds its most frequent
application in high frequency receivers. Because of the balanced
nature of the input circuit and the low input capacitance, the
circuit has less losses than most others when operating above
50 mc. The low capacity input characteristic makes the circuit
adaptable to broad band applications and for this reason it is
frequently found in television receivers.

Advantages.—The main advantages of the balanced mixer
circuit are:

1. Balanced nature of input circuit

2. Low capacitance of input circuit .
The push-pull balanced input circuit is well adapted to coupling
to a balanced transmission line from an antenna or !RF amplifier
stage. The low input capacity reduces input loading effects and
permits more efficient broad band operation.

Limitations.—The balanced mixer requires two tubes (or
a dual triode) instead of one as in other mixers. This is in
addition to a local oscillator requiring -another tube.

Tube Types Used.—6]J6, 6ALS, etc.
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OFF TUNE DISCRIMINATOR

This discriminator circuit uses a three-winding IF trans-
former as shown in Fig. 96. The primary circuit L1-Cl is
tuned to the intermediate frequency. One of the secondaries
is tuned to a frequency higher than the intermediate frequency;
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the other to a frequency lower than it. Refer to Fig. 96. The
operation of the off tune discriminator can be easily under-
stood by assuming that L2-C2 resonate at a frequency higher
than the intermediate frequency, and L3-C3 resonate at a
frequency lower than it. As the signal at the output of the
last IF amplifier deviates higher in frequency than the inter-
mediate frequency, it approaches the resonant frequency o
L2-C2 and goes further from the resonant frequency of L3-C3.
This causes the rectified DC voltage across R1 to increase,
that across R2 to decrease, and point A becomes positive with
respect to ground. When the signal deviates lower in fre-
quency, a similar process takes place making point A negative
with respect to ground. Thus AF signal fluctuations corre-
sponding to the frequency modulation previously imposed on
the incoming signal appear across R3

Applications.—This type of circuit is occasionally found in
FM receivers and in automatic frequency control circuits. Be-
cause it performs no better than simpler types, it is not used
frequently.

Advantages.—It is comparatively easy to set the tuned
circuits for a given deviation range since the resonant fre-
quency of each secondary is set just outside the limits of
frequency deviation in either direction. The  of the tuned
secondary circuits must be the same in order to produce a
smooth linear curve between the two resonant peaks.

Limitations.—The off tune discriminator is not as frequently
used as other types because of the expense of the three tuned
circuits in the last IF coil.

Typical Tubes Used.—Any diode, but preferably a dual
diode with separate cathodes.
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PENTAGRID MIXER

The pentagrid mixer makes use of a tube containing five grids.
The circuit is shown in Fig. '97.

The control grid (No. 1) is connected to the resonant circuit
L1-Cl, which tunes to the received signal. A signal voltage is
thus applied to grid No. 1 and fed into the electron stream of the
tube. Oscillator voltage is obtained from a separate oscillator
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circuit and fed to grid No. 3 through C2. The received signal
and the oscillator signal are mixed in the electron stream
(electronic mixing). The gm of tube is simultaneously varied
by these two injected control voltages. Screen grids No. 2 and
No. 4, are tied together and RF bypassed to ground through C3.
These screen grids thus surround injection grid No. 3, shielding
it and eliminating its capacity effects with other elements. This
shielding prevents interaction (pulling) between incoming signals
and the oscillator. The plate circuit contains the primary of
the first IF coil which is tuned to the sum or difference frequency.

Applications.—Because it is used with a separate oscillator,
the pentagrid mixer is seldom found in small, inexpensive re-
ceivers. generally the circuit is found in the more elaborate
receivers and those designed for short waves. At high fre-
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quencies, where oscillator pulling tends to be most severe, the
shielding grids 2 and 4 play an important part in improving
stability. This type of mixer is also used in beat frequency AF
signal generators.

. Advantages.—The main advantage of the pentagrid mixer
is the fact that the injection grid is shielded from the other
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elements in the tube. This shielding is accomplished by the
screen grids (No. 2 and 4). The gain of the pentagrid mixer is
high, resulting from the fact that it is used as a pentode and
has a high gm.

Variations.—A common variation of the pentagrid mixer
circuit is similar to the 6L7 (used in Fig. 97 ) except that
the anode and the grid of the oscillator are separated from the
mixer electron stream. The oscillator grid is connected to the
grid of the mixer inside the tube.

Limitations.—The pentagrid mixer requires a separate oscil-
lator for conversion. This limits its use in small compact and
inexpensive receivers. Being a multi-element tube, the noise level
is higher than that produceg in diode or triode mixers.

Tube Types Used.—6L7, 6L7G.
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PENTAGRID CONVERTER

. The pentagrid converter circuit shown in Fig. 9.

is distinguished by two important fcatures. One is the fact that
separate grids are provided for the oscillator and the incoming
signal respectively. The other is the fact that the signal grid

Fig. 99,

(No. 4) is surrounded by two screen grids which shield it
from the other elements in the tube. Grid No. 2, which is a
third screen grid, is used as the anode of the oscillator.

A signal is applied to points A and G from an antenna or an
RF amplifier stage. Resonant circiut I.1-Cl is tuned to this
signal and builds up a signal voltage on grid No. 4. Screen
grids 3 and 5 are operated at ground RF potential and thus
shield the signal grid.

Grid No. 1 is the oscillator grid; grid No. 2 is the oscillator
anode. These elements may be connected in any one of a
number of ways to produce the necessary oscillation. Fig. '99.
and 100 show the two main types of pentagrid converters. Fig.
99. shows a circuit using a 6A8 tube. In this circuit, grids 3
and & are screens, grid 2 is the oscillator anode. Fig. 100 shows
another circuit as used with the 6SA7 tube. Here there is no
element used for the oscillator anode alone, grids 2 and 4
being both screen and oscillator anodes. Grid No. 5 is a sup-
pressor and is connected to the cathode. In either case, the os-
cillations cause the grid No. 1 potential to vary according to
the oscillator radio frequency signal. These potential fluctua-
tions cause the electron stream to vary at radio frequency.
The signal grid (No. 4) also influences the electron stream
according to the incoming signal. The two signals are mixed
in the electron stream in a process referred to as “electronic
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mixing.” The sum or difference heterodyne (IF) is extracted
in the plate circuit by the tuned primary of the IF coil
(14-C4).

Applications.—The pentagrid converter circuit is one of the
most popular types used in modern superheterodyne receivers.
Since the tube includes both mixer and oscillator elements, it pei-
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mits the use of a very compact converter section. This factor
makes it popular in small low priced receivers. The shielding
provided between the sjgnal grid and other elements provides
stability and efficiency appropriate to the best receivers as long
as the frequency coverage is below 20 mc. The pentagrid con-
verter is also used in test equipment of the type in which mixing
is required.

Advantages.—The pentagrid converter circuit provides stable
operation and good conversion gain on the lower frequencies,
especially in the broadcast band. The interelectrode capacities
are low enough not to interfere with operation below about 20
mgdand “pulling” is minimized by the shielding of the signal
grid.

Limitations.—The pentagrid converter is limited in its ap-
plications to frequencies below the 20 mc region. In the higher
range, interelectrode capacities become excessive; and, despite the
shielding effect of the screcu grids, “pulling” usually becomes
serious. The use of so many elements makes the noise level
of this type of converter quite high.

Variations.—The pentagrid converter is similar to the penta-
grid mixer, except that the latter uses a separate oscillator.
The pentagrid couverter differs from this circuit only in that
it uses the screens as the oscilator anode and eliminates grid No. 2.
A suppressor grid is added.

Tube Types Used.—6A8, 12AB, 6D8, 6A7 (Type A); 6SA7,
12SA7 (Type B).
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TRIODE-HEXODE CONVERTER

The triode-hexode converter uses a tube containing a triode
section and a hexode section in the same envelope. The tri-
ode is connected as an oscillator and the hexode is connected
as a_mixer. The two circuits are coupled inside the tube to
provide oscillator voltage injection and electronic mixing.
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The input circuit L1-Cl is tuned to resonance at the fre-
quency of the incoming signal. This builds up a voltage on the
signal grid (point A). The triode is connected as an Arm-
strong oscillator in Fig. 101 and as a Hartley in Fig. 102 Any
standard RF oscillator circuit may be used.

The control grid of the oscillator and grid No. 1 of the hex-
ode are connected together. The radio frequency voltage de-
veloped on the oscillator grid is thus fed into the electron
stream of the hexode. The circuit is therefore practically the
same as though separate tubes were used with oscillator grid
and the mixer injection grid directly connected. This “sepa-
rate tube” arrangement minimizes interaction between incom-
ing signals and the oscillator frequency.

Because separate electron streams are used for oscillator
and mixer, variations in mixer plate potential or grid bias
voltages do not have as much effect on the oscillators fre-
quency as they do in other circuits. For instance, in penta-
grid converter circuits, AVC voltage is applied to the tube
which contains the oscillator elements, causing plate voltage
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and current variations. The triode-hexode converter elim-
inates this trouble giving greater oscillator stability.
Applications.—Tlie triode-hexode converter is used in super-
lieterodyne receivers and in test equipment using superheterodyne
circuits. The characteristics of the circuit are such as to favor
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operation on the higher frequencies, giving best performance
in the “short wave” region from 2 to 50 mc. Interelectrode
capacities are minimized through the use of two separate elec-
tron streams. This greatly reduces oscillator pulling and al-
lows stable operation on frequencies far higher than the limits
of good operation for pentagrid converters. The triode-
hexode converter also has miscellaneous applications requir-
ing two tubes with grids connected.

Advantages.—The triode-hexode converter uses separate
oscillator and mixer sections. This reduces the interaction
between the oscillator and mixer sections and permits opera-
tion on higher frequencies than is possible with converters
which are self-contained.

Limitations.—Although the triode-hexode converter uses
two separate sections for the oscillator and mixer, one ele-
ment is interconnected. This results in interaction between
the incoming signal and the oscillator which at very high
frequencies becomes appreciable.

Variations.—Any triode oscillator circuit may be used

Tube Types Used.—6KR. 12K8, etc.
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RATIO DETECTOR
The ratio detector is distinguished by its use of an IF
transformer with a center-tapped secondary (called a “dis-
criminator transformer”), two diodes and a load circuit as
shown in Fig 103 Its purpose is the detection of frequency
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modulated signals. The circuit differs from the Foster-Secley
type in that the polarity of one diode is reversed.
he RF voltages applied to the diodes at B and C are the
vectorial, or phased, sum of the primary voltages at A and
the half of L2 connected to the diode involved. The phase
relation is such that, as the frequency of the signal goes
higher, RF voltage B grows larger and RF voltage C grows
smaller; when the frequency deviates downward, C grows
larger and B smaller. The rectified DC voltages across Rl
and R2 are proportional to the AC voltages across the diodes
to which they are connected. Because of the manner in which
the diodes are connected, DC current will flow through Rl
and R2 only when B is negative and C is positive. A DC
voltage ., proportional to the received signal and with the
polarity shown, will appear across Rl plus R2. Condenser
C6 is made large enough to filter out all but very slow fluc-
tuations in the signal. Due to variations in the phasing of
voltages B and C with carrier deviations, varying DC voltages
appear across C4 and C5, producing a varying current in R3.
his is the desired audio signal. The instantaneous sum of
the voltages across C4 and CS5 must at all times equal the
fixed voltage across C6; in other words, the ratio of voltages
C4 and C5 varies and not their sum. This fact prevents
amplitude variations from affecting the output and gives the
ratio discriminator its name. The response curve is the same
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as that of a Foster-Seeley discriminator (Fig. 104. The output
voltage is that appearing across R3 or across C4 or C5.

Applications.—The ratio discriminator is widely used as a
second detector in FM rcceivers.
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Advantages.—The ratio discriminator has the inherent prop-
erty of canceling amplitude variations in the received signal.
thus eliminating the need for a limiter stage. The AM signal
voltage canceling process is effective on signals of any
strength and there is no ‘threshold” value of input signal
below which no canceling is possible as there is with receivers
using limiters,

Limitations.—An extra component is necessary in this cir-
cuit. Condenser C6 is necessary to keep the total rectified
voltage E constant with rapid variations in the incoming sig-
nal. Although the ratio detector inherently discriminates
against AM noise, its rejection ability is not as good as a well
designed limiter-discriminator comgination. Equal limiting
is provided at very low signal levels but is not complete.

Variations.—The ratio detector is very similar to the Foster-
Seeley discriminator. The main differences are reversal of one
diode plate and cathode connections, inclusion of ratio con-
densers C4 and C5, and addition of residual condenser C6.

'I?pical Tubes lfsed.——Any two single diodes or any dual
diode of the RF type.
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FOSTER-SEELEY DISCRIMINATOR

The Foster-Seeley discriminator circuit is used to detect
frequency modulated signals and does so by means of various
phase shifts in voltages produced in its component parts as
the incoming radio frequency signal deviates. The circuit is
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shown in Fxg 105 An IF transtormer (generally called a
“discriminator” coil) with a tapped sccondary is used. The
primary resonant circuit L1-Cl 1s made broad enough to have
a flat response over the FM signal deviation band width; the
secondary circuit L2-C2 normaily has a relatively high Q to
accentuate phase shift over the frequency deviation range from
the center of the 1F.

The RF voltages applied to the plates of the diodes at B
and C are the vectorial or phased sum of the primary voltage
at A and the voltage appearing across the half of L2 con-
nected to the diode involved. The phase relation is such that
as the frequency of the signal goes higher, voltage B gets
larger and voltage C gets smaller; when the frequency deviates
downward, C gets larger and B smaller. ‘I'he rectiied DC
voltages across R1 and R2 are proportional to the AC
voltages on the diodes to which they are connected. With
respect to ground, their polarities are opposed. The net result
at point D is a voltage varying positively and negatively as
the signal deviates about the center frequency.

Fig. 106 shows vectorially the phase relations involved.

Applications.—A large number of FM receivers use the
Foster-Seeley discriminator as a second detector. In this
application, 1t is preceded by a limiter because the detector
itself does not discriminate against amplitude variations. This
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necessity for a limiter has tended to lessen its use in inexpen-
sive receivers which utilize a ratio discriminator without a
timiter. In addition, AM and FM receivers which include
automatic frequency control (AFC) use their circuit to pro-
duce the reactance tube control! voltage.
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Advantages.—The Foster-Seeley discriminator is relativcly
simple as far as number of parts and circuit arrangement are
concerned, and gives high fidelity audio response. An aver-
age response curve (such as that shown in Fig. 107) remains
quite linear with great deviation of the signal.
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Limitations.—The Foster-Seeley discriminator circuit is sen-
sitive to AM as well as FM signals and must, therefore, be
preceded by a limiter. It is also somewhat critical as far as
choice of components is concerned, and must be carefully
aligned to prevent distortion.

Typical Tubes Used.—Any RF diode such as 6H6, 6ALS,
et;:). Crystal detectors may also be used in place of vacuum
tubes.
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LOCK-IN OSCILLATOR DETECTOR

The lock-in oscillator detector is distinguished by the fact
that a signal from the IF section of the receiver (FM) is fed
into the signal grid of a pentagrid converter tube and a signal
of a frequency which is a submultiple of the IF is produced
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n the plate circuit. A typical circuit is shown in Fig. 108 The
plate and grid No. 3 oscillate at this submultiple frequency,
which is usually one-fifth of the IF.

The typical circuit shown operates_as follows:

1. Plate and grid No. 3 oscillate at 2.14 mc, the resonant
frequency of L3-C3.

2. L2-C2 is tuned to 4.28 mc, second harmonic of 2.14, thus
accentuating other even harmonics.

3. Because of the action in 2, a considerable amount of the
4th and 6th harmonics are produced: 8.56 mc and 12.84 mc.

4. A 10.7 mc FM signal is fed in through L1-Cl. This
signal beats against the 8.56 mc and 12.84 mc harmonics,
producing more of the 2.14 mc output signal.

5. The =75 kc deviation of the incoming IF signal is re-
duced proportionately in the 2.14 mc signal to %15 ke.

6. The 2.14 mc oscillator is “pulled” or “locked in” to fol-
low this deviation. The signal is then passed on to a reduced
range discriminator for final detection.

Because the lock-in oscillator can only be “pulled” by the
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strongest and nearest signal, great adjacent channel selectivity
is afforded.

Applications.—The lock-in oscillator is used in FM receivers
as a substitute for the limiter and as a partial detector. Al-
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though a narrow range discriminator is used, the lock-in
oscillator reduces the frequency and deviation to make the
discriminator more efficient,

Advantages.—The greatest advantage of the lock-in oscil-
lator detector is its adjacent channel selectivity. Other types
of limiter-detector arrangements leave a wide pass band open
at all times, whercas the oscillator in this circuit responds
only to the desired signal and is not influenced by weaker
adjacent channel signals. There is also greater stability result-
ing from the transformation to a lower frequency signal in
the discriminator,

Limitations.—The lock-in oscillator circuit for detection is
a little more involved than ordinary limiter-discriminator ar-
rangements. Several tuned circuits must be adjusted for
proper operation and an oscillator is included.

Variations.—An important variation of this circuit makes
use of the fact that the plate current of the tube varies in
amplitude according to the deviation of the incoming signal.
A resistor is placed in the plate circuit and audio output
obtained from it as shown in Fig. 109

Typical Tubes Used.—Pentagrid converters or mixer tubes
and separate oscillators.
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CRYSTAL DETECTOR

‘I'he crystal detector makes use of the rectifying action of
a galena, carborundvm, germanium or other suitable type of
crystal to detect an amplitude modulated signal. The tuned
circuit (Fig.110) resonates at the frequency of the incoming
signal and builds up the RF voltage to a maximum. This
RF voltage causes a current to flow through the crystal and
carphones in series. Becausc of the rectifying action of the
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crystal, the current is pulsating DC. The bypass condenser,
C2. is made small enough in capacity to filter out the RF
pulsations and yet allow the desired audio signal to appear
across the earphones. If an antenna and a ground are con-
nected to points A and G respectively, the circuit becomes a
self-contained radio receiver. The earphones may be replaced
by a resistor or a choke so that output may be fed into an
audio amplifier.

Except for the extremely crude ‘“coherer” detector, the
crystal detector was the first used for detection of radio sig-
nals. Early crystal detectors were made of a mineral called
“galena.” A piece of this material was imbedded in a con-
tainer; a small piece of wire, supported by a nearb binding
post, made contact with the surface of the crystal. This wire,
which had to be adjusted to a “sensitive” spot on the crystal,
was referred to as the “cat-whisker.” Later types were per-
manently adjusted by the manufacturer and various other
materials were used. These materials were tungsten, carborun-
dum, silicon, and germanium. Recent developments have
greatly improved germanium crystals. They are light and
compact, easily made in large quantities, and are very rugged
in comparison to older types.

Applications.—In the early days of radio, the crystal detec-
tor was used almost universally. In spite of the fact that it
has been largely rcplaced by vacuum tube “detectors, the
crystal detector continues to play an important role in modern
radio. Some of the most important modern applications are:

1. In small “battery-less” and “tube-less” receivers used
by experimenters and hobbyists.

2. In high fidelity receivers which use a crystal detector
followed by a wide range audio amplifier.
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3. As detectors in signal tracers.

4. As detectors in field strength meters and AF and RF
measuring devices.

5. As a mixer in receivers and test equipment.

Advantages.—Crystal detectors are simple and have good
quality characteristics. Their principal advantages may be
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summed up as follows:

1. Simple, compact, light in weight.

2. No power required except that of the incoming signal.

3. Instant starting, no filament heating time.

4 Linear rectification characteristic within a useful range.
The quality of the detected signal is good.

5 “Transit time” effect, present in vacuum tubes, i3 very
small in crystal rectifiers. This makes crystal detectors par-
ticularly useful at very high frequencies.

6. The capacity.effect between the crystal terminals is nor-
mally very low, an important advantage at high frequencies.

Limitations.—The crystal detector gives no amplification of
the incoming RF, or the detected AF signal ‘The output of
the crystal detector is derived entirely from the incoming
signal.” The sensitivity of this detector circuit is therefore
very low and a relatively strong signal is needed to produce
usable output. For this reason, very elaborate antenna and
tuning systems are needed for good reception at any appre-
ciable distance from a broadcasting station. A stage or two
of audio frequency amplification is also frequently necessary
for use in bringing the low output up to a practical level.

Crystal detectors are capable of handling only very small
amounts of power. Their operation is often affected by tem-
perature changes. Rectification is not complete since some
current can flow in the “backward” direction, as seen from
the typical response curve shown in Fig. 111

Variations.—A number of typcs of tuning circuits have
been used in crystal detectors to improve the sensitivity and
selectivity of the circuit as a whole. If the crystal detector is
used in conjunction with an oscillator, it will operate as an
efficient mixer (see Crystal Mixer circuit). Another variation
is the use of the crystal with a DC meter to produce an RF
or AF voltmeter.
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DIODE DETECTOR
The vacuum tube diode detector makes use of the fact that
electrons will flow from the cathode to the plate of a vacuum
tube and not in the reverse direction. The circuit is shown
in Fig. 112and Fig. 113 A tuned circuit L-C is used to build
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Fig. 112

up the incoming signal by resonating at its frequency. The
resonant circuit voltage (amplitude modulated RF) is then
applied to the plate and cathode of the diode vacuum tube.
The rectifying action of the tube produces a pulsating direct
current in the circuit. This current contains both RF and AF
pulsations. The RF pulsations are bypassed around the ear-
phones (load resistor if AF stages follow) by C2. C2 is
chosen to have sufficient capacity to bypass the RF currents
but not enough capacity to bypass the AF currents.

An antenna and a ground may be connected at A and G
respectively to make the circuit a self-contained radio re-
ceiver. In superheterodyne receivers, the diode is universally
used as a second detector. In this application, it is used with
a load resistor and placed after the last IF stage as shown in
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Fig. 113
Several different arrangements of load resistors are used
to minimize loading and provide AVC voltage. In addition
to load resistor R, there is usually an additional resistor be-
tween the top of R and the cathode to decrease loading of
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the tuned circuit. . .
Applications.—The most extensive application of the diode
detector is as second detector in superheterodyne receivers.
Its stability and the fact that it can handle very strong signals
without appreciable distortion make it well adapted to the
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detection of the high level output of the IF section of the
average superheterodyne receiver. Some of the other im-
portant applications are:

1. Signal tracer detectors.

2. Vacuum tube voltmeters.

3. Field strength meters.

4. Noise limiters and clippers.

5. Automatic volume control rectifiers.

Advantages.—The main advantages of the vacuum tube
diode detector are:

1. Ability to handle large signal voltages with a minimum
of distortion.

2. Stability and good linearity over a wide range of am-
plitudes.

Limitations.—The vacuum tube diode detector is less sensi-
tive than most other detectors. This low sensitivity is due
to the fact that all the output is derived from the input signal.
The audio frequency output is simply a rectified and filtered
version of this input signal.

The diode detector distorts very weak signals. Reference
to the diode characteristic curve (Fig. 1149 will show the rea-
son for this. The curved portion in the low voltage section
of the characteristic causes the distortion on low levels,
whereas operation at all times on a higher input level elimi-
nates this distortion.

Variations.—The diode detector can also be used in the
push-pull version shown in Fig. 112 Another variation is the
noise limiter, or “clipper” which conducts and shunts a signal
when it reaches certain peak values. FM discriminators are
a variation of the diode detector.

Typical Tubes Used.—6H6, 6ALS, 6Q7, 6SW7, 6B8, etc.
Or any triode, tetrode, or pentode may be used by connecting
all elements except the cathode to the plate.
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SQUARE LAW DETECTOR

The square law detector circuit shown in Fig. 115 is similar
to an RF amplifier except that the bias resistor R is chosen
so that the operating point of the tube is located on the
“bend” or “knee” of the grid voltage-plate current curve.

iF—F—

OuTPUT

II\ZFB ;é

B+

Fig.115

The graph (Fig.116) shows how detection is obtained. ‘The
non-linearity of the curve at the operating point causes posi-
tive halves of the RF cycles to produce greater plate current
swings than the negative halves. Bypass condenser C filters
out the RF pulsations, leaving the audio frequency variations
in the output.

The name “square law” is derived from the fact that the
rectified output is proportional to the square of the effective
value of the applied signal. Since the efficiency of the square
law detector is greatest when the signal is weak enough to
permit operation on the curved portion of the grid voltage-
plate current curve (Fig.116, it is sometimes referred to as
a “weak signal” detector.

The amplifying property of the tube is utilized in the square
law detector, making the sensitivity much better than that of
the diode or other non-amplifying types. The square law de-
tector is, therefore, frequently used for low cost TRF re-
ceivers. Due to the fact that its operation depends on non-
linearity of characteristic, normal use entails a considerable
amount of distortion.

Applications.—The square law detector is used in low cost
communication receivers in which considerable audio distor-
tion is permissible in the output, or where principal reception
is of CW signals. It is also used in vacuum tube voltmeters,
This circuit makes the VIVM in which it is used quite sensi-
tive. Variations due to non-linearity can be compensated for
in the calibration of the meter scales. When two signals are
heterodvned, the beat frequency can be detected by this cireuit
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with little distertion. For this reason, the square law detector
is used in beat frequency oscillators and other test equipment.

Advantages.—The most important advantage of the square
law detector is its sensitivity resulting from use of the ampli-
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fying property of the tube. Because of this sensitivity, the
circuit is useful in receivers cmploying a minimum number of
tubes. The square law detector circuit is also useful as a
mixer-detector since it gives a distortionless difference fre-
quency when two signals are heterodyned.

Limitations.—The greatest limitation of the square law de-
tector is the high percentage of harmonic distortion intro-
duced in the output by the non-linear character of the oper-
ating curve. Another limitation is the fact that only weak
signals can be handled with good results since the efficiency
falls off rapidly when saturation is approached. Distortion
also increases under these conditions.

Variations.—Since the distinguishing characteristic of the
s?uare law detector is its operation on the curved portion
of the grid voltage-plate current curve, diodes and other de-
tectors can be made to operate in this circuit.

Typical Tubes Used.—Any triode, tetrode, or pentode.
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REGENERATIVE DETECTOR

The regenerative detector is one of the most sensitive so far
devised. Its excellent sensitivity is secured by having detec-
tion take place in the grid circuit, amplifying the signal in the
tube, and adding regeneration further to build up the signal.
Fig. 117 shows the circuit. The grid, grid leak and condenser,
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the tuned circuit, and the cathode form a diode detector circuit
which rectifies the incoming signal. The grid leak R1 acts
as the diode load and rectified RF and AF pulsations appear
across it. The RF, however, is filtered out by condenser C
which is too small to bypass the audio signal. The audio
signal appears across R1 and is applied to the grid, amplified
by the tube, and appears in the plate circuit. L2 is coupled
to L1 to feed the plate current variations back into the grid
in a manner tending to increase the grid input signal. This
process is allowed to continue until the circuit is almost ready
to oscillate. At this point, sensitivity is greatest. Control of
the regeneration is provided by R2 which varies the plate
current. Variable coupling of L1 to L2 may also be used for
regeneration control.

A complete one-tube receiver is created by connecting an
antenna and a ground to points A and G respectively and ear-
phones to the AF output.



FILTER CIRCUITS 207

Applications.—The development of the superheterodyne re-
ceiver circuit obviated the necessity for a highly sensitive de-
tector. The regenerative detector is therefore no longer in
common use. The circuit is still popular among hobbyists and
experimenters. It is the most efficient way to get good output
from a one-tube receiver.
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Advantages.—Principal advantages are great sensitivity and
flexibility of adjustinent.

Limitations.—While very sensitive, the regenerative detector
has very poor quality characteristics. It is easily overloaded
by strong signals. Its selectivity varies with the adjustment
of the regeneration control. When this control is near the
oscillation point, the detector is very selective due to regen-
eration; otherwise it is quite broad.

Variations.—The most important variations in this detector
are in the ways regeneration is controlled. Control can be
secured by varying the plate potential as shown in the dia-
gram, by varying the coupling between L1 and L2, or by
placing a variable condenser or resistor across the “tickler”
coil, L2 as shown in Fig. 118

Typical Tubes Used.—Any triode, tetrode, or pentode suit-
able for amplification at the frequency of operation.

e
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SUPERREGENERATIVE DETECTOR

The superregenerative detector greatly resembles an ordi-
nary Hartley or Dynatron RF oscillator. The difference lies
in the fact that the values of the components used are so
chosen that in the same circuit or in a separate circuit, low
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frequency RF oscillations also take place. These low fre-
quency oscillaticns alternately put the high (received signal)
frequency oscillator in and out of oscillation. The quenching
(low) frequency is made just high enough to be inaudible.
Passing the detector in and out of oscillation at such a rapid
rate results in great sensitivity because the most sensitive point
is that at which oscillation is about to take place. Figs, 119
and 120 show typical arrangements of self and separately
quenched detectors.

The quench frequency is produced,

A. By proper choice of grid leak and plate blocking con-
denser.

B. By adjustment of the separate quench oscillator V2 and
its circuit.

Applications.—The superregenerative detector makes a rela-
tively simple and highly sensitive receiver for very high fre-
quencies. For this reason, it is used extensively on very small
or portable equipment designed for UHF and VHF work.
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Advantages.—The main advantages of the superregenera-
tive detector are its simplicity and extreme sensitivity. It is
so_sensitive that in one stage (detector itself) the thermal
noise of the input circuit is strongly audible and manifests

'.NPUT%

itself as a loud hissing unoise, the familiar “superregenerative
rush.”

. Limitations.—The superregenerative detector is character-
ized by the following limitations:

1. Very poor selectivity; the pass band is usually 100 kc
or more,
. 2. Very poor quality; the detection characteristic is not
linear and peaks of medulation are often chopped off while
the troughs are accentuated.

3. Thermal noise; the output of the detector contains the
superregenerative “hiss” whenever a strong signal is not being
receive

Variations.—The two main variations are the self-quenched
and the separately quenched types.

Typical Tubes Used.—Any triode, tetrode, or pentode.
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INFINITE IMPEDANCE DETECTOR

The infinite impedance detector is distinguished by the fact
that the detected audio signal output appears across the
cthode resistor R, as shown in Fig. 122 The input signal is
fed to the grid in the usual way .The tuned circuit L1-Cl
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Fig. 121

builds up the incoming signal and selects the desired fre-
quency. The plate is connected directly to B plus. The cath-
ode resistor R is shunted by an RF bypass condenser C2.
Under “no-signal” conditions, the resistor R builds up a
bias which keeps the grid potential near cutoff. It cannot
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reach cutoff because this would stop plate current flow which
produces the bias.

When a signal (IF or RF) is applied to the grid rectified
late current pulses are produced. Rectification takes place
ecause of the proximity of cutoff. The rectified plate current
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flows through the cathode resistor R and produces an audio
frequency voltage across R. RF fluctuations are bypassed
through C2. The output audio signal is then tapped off at
the top of R as shown. .

Resistor R is in series with the incoming signal. For this
reason, the peak audio value must always be less than the
peak envelope voltage of the incdming signal. . .

Applications.—The infinite impedance detector is useful in
receivers and other applications where it is necessary to
handle large RF carriers without input loading effects. Am-
plification cannot equal or exceed unity, so the circuit is not
used where sensitivity is important. One of the most im-
portant specific uses is in high fidelity TRF AM broadcast
receivers. A strong signal developed through several RF
stages is handled well by the infinite impedance detector. The
lack of loading effect on the tuned circuits at the input to
the detector allows a high Q to be used with the resulting
gain in selectivity and sensitivity. The circuit is occasionally
used as a second detector in superheterodyne receivers because
it is suitable for handling the high level IF signal.

Advantages.—Because the grid is kept at a negative voltage
with respect to the cathode, no grid current flows in the
infinite impedance detector. The input impedance to the de-
tector is thus infinite giving the circuit its name. This is a
definite advantage in that high Q tuned circuits may be used
at the input and no loading effect is experienced. Very large
input signals can be handled because of the dynamic nature
of the circuit. Whenever a high input voltage peak drives the
grid in the positive direction, the bias produced by cathode
resistor R increases. The operating point is thus moved in a
negative direction, preventing the grid from drawing current.
A high peak audio output voltage can be obtained without
overloading; in fact, its peak voltage can approach half of the
B plus potential.

Limitations.—The infinite impedance detector has the dis-
advantage that no amplification of the signal takes place. The
output resistor R is also in series with the input voltage and
thus no gain is possible. The characteristics of this detector
are, therefore, similar to those of the diode type, except that
the infinite impedance type does not produce input loading
like the diode type. The negative peaks of modulation will
be clipped off if the modulation degree of the input signal
becomes greater than the AC to DC impedance ratio of the
load. This limiting percentage thus is:

(Zz + Zo)R
Z:Zo

Mod % =

in which Z¢ == jX. and Zz = R

Due to the non-linear nature of the grid voltage-plate cur-
rent curve at low levels, a high level signal is necessary to
minimize distortion,

Typical Tube Types.—Any triode, tetrode, or pentode.
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GRID LEAK DETECTOR
The grid leak detector accomplishes its detecting actiom
in the grid circuif. Its circuit is shown in Fig. 123 The circuit
comprising the grid, grid leak and condenser, tuned circuit
and cathode acts as a diode detector. The tuned circuit volt-
age is built up at resonance and applied to the grid. The diede
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action of the grid and cathode causes pulsating current to
flow through the circuit. The resistor R acts as a diode load
and C filters out the RF variation leaving the AF signal volt-
age intact. The detected audio signal appears across R and is
applied to the grid. It is then amplified in the tube to appear
in greater amplitude at the plate. This is the same type of
detector action used in the regenerative detector, except that
here no regeneration is used.

A complete receiver can be made from the circuit by con-
necting an antenna and a ground to points A and G respec-
tively and connecting earphones to the AF output.

Applications.—The grid leak detector finds its greatest use
in TRF receivers in which greater sensitivity is necded than
the diode detector affords. Since the TRF receiver has been
almost entirely replaced by the superheterodyne, the grid
leak detector is no longer in general use.

Advantages.—The main advantage of the grid leak detector
is its relatively high sensitinity compared to the diode type.
This increase in sensitivity is seeured by taking advantage
of the amplifying properties of the vacuum tube.

Limitations.—The grid leak detector does not have the
extreme sensitivity of the regenerative type nor can it handle
as large signal inputs without distortion as can the diode type.

Variations.—Addition of a tickler (plate) coil transforms
the grid leak detector into a regenerative detector.

Typical Tubes Used.—Any triode, tetrode, or pentode.
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HIGH PASS FILTER

The high pass filter in its simplest form consists of a re-
sistor and a condenser connected as shown in Fig.124 The
filter is designed to remove low frequency components from
a signal or reduce them for equalization purposes.
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The circuit, shown in Figl24A, can be considered as an
AC voltage divider A-M-N. The input signal is applied at
A-B across R and C in series. The output voltage is that
appearing across R (M-N). At high frequencies the reactance
of C is small compared to the resistance of R, and the out-
put voltage is high, or nearly equal to the input value at A-B,
because R represents almost the total impedance of the divider.

At low frequencies, the reactance of C becomes large com-

pared to the resistance of R and only a small portion of the
mput appears at the output terminals E to F. Thus the circuit
attenuates the signal increasingly as the signal frequency
decreases.

One of the most important uses of the high pass filter is as
a response modifying device for audio equipment such as mi-
crophones, phonograph pickups, and audio amplifier circuits
which would otherwise have undesirable frequency response
characteristics.

Figl24B shows a representative plot, or graph, of the cur-
rent in a high pass filter with constant input as the frequency
is varied. Use of an inductance in place of R will accentuate
the high pass characteristic because the inductance itself has
a lower impedance (greater shunting effect) to the lower
frequencies.
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LOW PASS FILTER

The low pass filter in its simplest form consists of a resistor
and a condenser connected as shown in the figure. It is de-
signed to remove high frequency components from a signal or
reduce them for equalization purposes.
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The circuit, shown in Fig. 125, can be considered as an AC
voltage divider A-M-N. The input signal is applied at A-B
and across R and C in series. The output voltage is that
appearing across C (M-N). At high frequencies, the reactance
of C is small compared to the resistance of R and the output
voltage is low in relation to the input voltage.

At low frequencies, the reactance of C becomes large com-
pared to the resistance of R, and most of the input voltage
appears at the output t2rminals E to F.

Frequent uses of this circuit are as crystal pickup equalizers
and de-emphasis circuits in FM tuners.

The graph, Fig. 125 shows a representative plot of the
response of a low pass filter of this type, assuming a_constant
voltage input. Use of an inductance in place of R will accen-
tuate the low pass characteristic; the inductance itself offers
a higher impedance to high frequencies.

In the transmission of standard FM broadcast signals, high
modulation frequencies are applied to the carrier with a
greater degree of modulation than the lower modulation fre-
quencies. This process is known as “pre-emphasis.” The low
pass filter described above is used to equalize the signal at
the receiving end, this latter process being known as “de-
emphasis.” In this way, the high frequency noise arising from
transmission and reception processes is suppressed as the
signal frequency response returns to normal.
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BAND PASS FILTER

The band pass filter in its simplest form is a condenser and
inductance connected in parallel and arranged as shown in
Figd26A. It is designed to reject signals of all frequencies
except the resonant frequency or a narrow frequency range
around it.
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This circuit makes use of. the fact that a parallel tuned
circuit exhibits a very high impedance at its resonant frequency
and a relatively low impedance to all appreciably different
frequencies. Signals at frequencies other than the resonant
frequency are shunted (shorted) through the parallel circuit.
Because of the. high impedance at its resonant frequency,
resonant signals are unaffected.

Resistor R is seldom used in practice, but is placed in this
circuit to represent the internal resistance of the source. The
whole circuit acts as a voltage divider with output tapped
off at M-N of the leg A-M-N (R and L-C in series).

The band pass circuit is the most common in radio. Some
of its applications are in receiver RF, IF, and oscillator cir-
cuits, wave traps, transmitter RF amplifiers, and in most
circuits where frequency selection or frequency discrimination
is desired.

Alternatively, the series resonant circuit may be used as
shown in Figl26B. With signal input of a freguency at or
very near the resonant point of L and C, very little impedance
is offered to the passage of the signal to the load resistance.
At frequencies other than the resonant frequency, high im-
pedance is offered by the L-C combination. The load re-
sistance thus constitutes a voltage divider section in series
with the L-C combination. Output voltage varies according
to the relative impedance of the load and of L. and C in sevies
at the frequency used.
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PI FILTER

The pi filter circuit derives its name from the fact that in
schematic form its components are arranged so as to resem-
ble the Greek letter 7. It is this arrangement which distin-
guishes the circuit; the types of components used may be
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changed in any combination desired, giving different trans-
mission characteristics.

The main uses of the pi circuit are:

1. Impedance matching.
2. Equalization or filtering.

The circuit shown in Fig. 1274 is a pi low pass filter. The
graph shows the response of this circuit. Note that there is a
icut-off” frequency F below which there is no attenuation
and above which the attenuation rises rapidly. In other words,
the lower frequencies helow F are allowed to pass through
the filter, whereas frequencies above F are not allowed to pass

Fig. 127B shows another arrangement of the pi filter. This
tvpe has a high pass characteristic as illustrated by the graph.
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T FILTER

The T filter circuit derives its name from the fact that in
schematic form its components are arranged to resemble the
letter T. The circuit is identified by the arrangement, not by
the type of components. Use is made of resistors, condensers,
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and inductances in various positions.

Two main uses of the circuit are:
1. Impedance matching.

2. Equalization or selective filtering.

The example shown in Fig.128A shows the T low pass filter
and a graph of the response of the circuit. Note that there
is a cut-off frequency F below which there is no attenuation
and above which the attenuation rises rapidly.

Another variation is the T high pass filter in which con-
densers are used to replace the coils L and an inductance
is used to replace C. The circuit and response are then as shown
in Fig.128B.

Fig. 128
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DIVIDING NETWORKS

It is difficult to design a speaker which will reproduce all fre-
quencies in the audible range. For this reason, high fidelity
speakers are usually designed in two parts or sections. One part
reproduces the low frequencies, the other part reproduces the
high frequencies. For proper operation, the output of the ampli-
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fier used must be divided so that no highs are fed into the low
frequency speaker and no lows into the high frequency speaker.
This is necessary for efficient operation since energy fed into
the wrong channel is wasted. Dividing networks are designed
to separate the highs and lows and feed them into the.proper
speaker sections.

Fig.129 A shows the simplest form of dividing ne work. A
voltage divider consisting of an inductance (L) and a capacitance
(C) in series is connected across the amplifier output. The volt-
age division between the two elements changes with frequency
as follows:

High Frequencies—Low voltage on C, high voltage on L.

Low Frequencies—Low voltage on L, high voltage on C.

The low frequency speaker is connected across the condenser
and the highre?requency speaker is connected across the induc-
tance. The elements may be connested in series as shown in
Fig. 129.B.

Fig. 130 shows another t}ﬁ)ze of dividing network in which
filters are used. L1-Cl and L2-C2 are low pass and high pass
filters, respectively. This circuit has the advantage that atten-
uation at the cross-over frequency (dividing line between high
and low frequencies) is much sharper.

Fig. 131 shows graphically the proper response curve for a
dividing network.
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Applications.—Dividing networks are used in audio ampli-
fiers to dijvide the output power between the sections of dual
speakers. The result is that all high frequencies are fed into the
highk frequency speaker and the lows into the low frequency
spcaker.
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. Advantages.—The main advantage of a_dividing network
is efficiency of reproduction. The AF energy is fed to the circuit

where it will be most efficiently reproduced, giving high fidelity
with a proper load division between the reproducing elements.
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Limitations.—The dividing network is only useful with
amplifiers having a wide range, and with dual speakers which
merit its use.
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RESONANT FILTER

Resonant filters are used in power supplies for transmitters
and receivers. In the resonant filter inductances and capacitances
are used in pairs to form resonant circuits. These resonant cir-
cuits may be of the parallel or the series type and are tuned to
the power frequency. They make use of the impedance charac-
teristic at resonance.
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Fig. 132A shows the series resonant type of filter. The input
choke is often included to prevent too high a ripple current from
being drawn through the resonant circuit. It is not always neces-
sary. The choke coil L and the condenser C are designed to
resonate at the power or ripple frequency. At the resonant power
frequency, the combination has a very low impedance. Since the
output power is drawn from across L and C in series, the ripple
frequency is bypassed, or shorted out.

Fig. 132B shows the parallel resonant type of filter. Here L
and C resonate at the power or ripple frequency and offer a very
high impedance to the ripple current. If properly designed the
choke coil will have a low DC resistance.

The circuits illustrated above use only one resonant circuit
each. More than one resonant circuit is often used in the more
claborate types of power supplies.

Applications.—Resonant filters are used in power supplies
(see Rectifier Circuits) for receivers and transmitters. Because
the choice of components is rather critical, the applications are
limited to a few types of equipment. High voltage, high power
supply units make the most frequent use of resonant filters. In
these supplies, filter components are very expensive and a sub-
stantial saving can be made by using a much smaller choke than
is required with a non-resonant filter.

Advantages.—The resonant type of filter is lighter, more
compact, and less expensive than a non-resonant filter of equiva-
lent effectiveness.

Limitations.—The components in a resonant filter must be
carefully chosen for rating, quality, and reactance value.

Variations..—More than one section is often used. Com-
binations of series and parallel types are sometimes found.

Tube Types Used.—Not restricted by circuit.
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RC POWER FILTER
RC power filters are used with rectifier type power supplies
to remove the “ripple” from their output. \Vhen AC is changed
to DC by means of a rectifier pulsating DC is obtained. This
pulsating” DC contains an undesirable AC component, known as
“ripple” which the RC filter is designed to eliminate.
The RC power filter eliminates ripple voltage from the output
of an AC power supply by acting as a low pass filter whose cut-
off frequency is below the power frequency.
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Fig. 133

Figs. 133A and 133B show the single and two-section RC fil-
ters most frequently found in receiver power supplies. Both
types are shown with resistor input which is usual, although
condenser input is occasionally found. The principle of operation
is as follows:

1. Rl and Cl form a voltage divider at the ripple frequency.

2. At this ripple frequency CI has a negligible reactance com-
pared to the resistance of RI.

3. Almost all of the ripple voltage appears across R1 and very
little appears across C1 and the output voltage.

The same principle applies in Fli)g. 172 B except that the
process is repeated in the R2-C2 combination. The efficiency of
filtering is much lower than that of LC fiters because for good
filtering, R1 and R2 must have a high resistance and, therefore,
considerable voltage drop occurs in them.

Applications.—The RC power filter_is used in AC power
supplies for receiver and transmitters. It is generally found in
small supplies where current drain is small and where economy
and compactness are important. It is also used to decouple the
B plus from various stages in a high gain amplifier supplied by
a common DC source.

Advantages.—The main advantages of the RC power filter
are economy and compactness. Resistors are much cheaper and
smaller in size than filter chokes.

Limitations.—The voltage regulation of an RC filter is poor
because when R1 and R2 are made large enough for good filter-
ing, they offer a high resistance to the DC current.

Variations.—Any number of filter sections may be used and
resistors can be added in both power leads to produce a balanced
combination.

Tube Types Used.—Not restricted by the circuit.
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CHOKE INPUT FILTER

Filters are required in all rectifier type power supplies op-
erating from an AC source when pure DC output is desired. A
Most radio equipment uses rectifier type power supplies. AC is
changed to DC by means of rectifier whose output is pulsating
DC. This pulsating DC contains an undesirable AC component,
known as ‘“ripple” which the filter is designed to eliminate.

The most efficient filters are those which contain inductance
and capacitance. This is because a high ratio of reactance to DC
resistance can be maintained. LC filters are classified as “choke
input” or “condenser input” depending on which type of element i
first encountered by the pulsating DC input from the rectifier.
Filters are also classified by the number of sections (L-C combina-
tions) used.
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Fig. 14

The choke input filter shown in Fig. 134 is the most popular
type. It uses two sections. The “input choke” L1 is often a
“swinging choke.” This name is used to distinguish this type of
choke coil from the ordinary smoothing choke used at position
L2. The swinging choke, L1, is made without a gap in its iron
core, making it saturate easily when high current passes through
it. As it saturates, its reactance decreases, compensating for the
DC output voltage drop which occurs at heavy loads.

Cl and C2 form low reactance shunting paths for the ripple
frequency. L1 and L2 have a high reactance to the ripple fre-
quency, thus “choking” it from the output. The condensers do
not shunt the DC at all, and the chokes represent a low DC
resistance. The filter thus allows DC to pass through it but at-
tenuates ripple frequency voltage greatly.

Applications.—Choke input filters are used in AC power
supplies for receivers and transmitters. The use of choke input
is especially applied to heavy current drain uses, especially those
in which the load is intermittent or fluctuating.

Advantages.—The choke input filter has the advantage of
good voltage regulation with heavy intermittent and fluctuating
power loads. It also limits peak rectifier currents to a lower
value than does a condenser input filter thus protecting the rec-
tifier tubes.

Limitations.—The choke input filter requires a “swinging
choke” whose inductance must fluctuate within certain limits as
current drain varies. Any kind of an input choke reduces the
output DC voltage below that which could be obtained with
condenser input,
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CONDENSER INPUT FILTER

The condenser input filter, shown in Fig. 135 uses two sec-
tions and is the filter most irequently used in radio transmitters
and receivers. It is distinguished from choke input filters in that
the pulsating DC does not have to pass through a choke coil
before reaching the first filter condenser Cl (input condenser).

Cl and C2 form low reactance shunting paths for the ripple
frequency. L1 has a high reactance to the ripple frequency thus
“choking” it from the output. On the other hand, the condensers
do not shunt the DC at all, and the chokes represent a low DC
resistance. The filter thus allows DC to pass through it while
it attenuates ripple frequency voltage greatly.
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Fig. 135

Applications.—Condenser inpul filters are used in radio
transmitter and receiver power supplies. The condenser input
feature favors applications in which a relatively high voltage out-
put is desired.

Advantages.—Condenser input filters have the advantage of
producing a filtered DC output which is a high percentage of
the peak value of the pulsating DC wave from the rectifier.
In this respect, they are definitely superior to the choke input
type. They are also cheaper since they do not require an input
choke coil.

Limitations.—The condenser input type of filter is not
adapted to heavy intermittent current drain applications because
it lacks the controlling effect of the input choke. It also re-
quires that the input condenser Cl have a higher voltage rating
than the corresponding condenser in a choke input filter. Regula-
tion due to current variation is not as good as with a choke in-
put filter.

Variations.—Any number of sections (L-C combinations)
may be used. Increasing the number of sections increases filter
efficiency and cost and lowers the output voltage.

Tube Types Used.—Mercury vapor rectifiers should not be
used with condenser input filters because of the danger of “flash-
back,” due to the high peak currents drawn by the rectifier tubes.
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CRYSTAL FILTER

The crystal filter is used to increase the selectivity characteris-
tics of superheterodyne receivers. It is so arranged that the in-
termediate frequency signal must be coupled through a quartz
crystal to the following stage, as shown in Fig. 136

This circuit makes use of the fact that a quartz crystal acts
like a tuned circuit with a very high Q. The intermediate fre-
quency signal is fed through the crystal to the grid circuit of the
next stage. The crystal acts as a series resonant selective circuit
allowing only signals of the resonant frequency through and
producing a very high attenuation to signals of slightly higher or
lower frequency.
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Fig. 136

Crystal filters nearly always include a phasing control, Cp.
This control neutralizes the parallel capacitance of the crystal
holder. The tuned circuit, L1-Cl, is split by C1 so that the RF
fed through -Cp is 180 degrees out of phase with the RF on the
crystal. Thus when Cp is equal to the parallel capacity of the
crystal, phasing is complete and selectivity is best.

Applications.—Crystal filters are used in superheterodyne
receivers, particularly those of the communications type, in which
great adjacent channel selectivity is desired. Because of its side-
band clipping action, the crystal filter is not often used for radio
tgelplllone reception. It is primarily useful in receiving keved CW
signals.

Advantages.—Crystal filters make use of the high Q char-
acteristics of the quartz crystal to provide a very sharp selec-
tivity curve. With reasonable care, a band-pass characteristic as
narrow as a few cycles can be obtained at a 455 kc intermediate
frequency.

Limitations.—Crystal filters will not pass the full sidebands
of radiotelephone signals.

Variations.—Several variations are used for providing vari-
able selectivity. Variable selectivity controls usually consist
of a rheostat in series or in parallel with a tuned circuit at the
grid of the next stage. More than one crystal may be used in
various network arrangements to gain desirable band pass char-
acteristics. Piezoelectric crystals of suitable frequency, Q and
temperature coefficient are used.
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Section 8

A-M
RECEIVERS AND TRANSMITTERS

1. Amplitude Modulation.—One method of transmitting
intelligence by means of radio waves is by amplitude modu-
lation. Amplitude modulation is deflned as the process of
changing the amplitude of an r-f carrier wave in accordance
with the intelligence to be transmitted. The radio frequency
carrier portion of an amplitude modulated wave is of con-
stant frequency and constant amplitude, as shown in Fig. 1A.
An audio modulating frequency is superimposed on this car-
rier in a manner that causes the amplitude of the carrier sig-
nal to vary as illustrated in Fig. 1B, leaving the carrier fre-
quency unchanged. The pattern shown in Fig. 1B is common-
ly referred to as a modulation envelope.

2. Side Bands.—An amplitude modulated wave is composed

®

Fig., L—Unmodulated and amplitude modulated r-f carriers.

of a number of frequencies; the radio frequency of the car-
rier wave, the modulating audio frequency or frequencies,
and combinations of these frequencies. These combination
frequencies are called the side-band frequencies and are the
result of mixing the radio frequency and the modulating fre-
quencies. Whenever any two frequencies are mixed together,
two new frequencies are produced. One of these is the sum
of the two frequencies, and the other is the difference be-
tween the two original frequencies. Thus, for a modulating
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frequency of 500 cycles and a carrier frequency of 100 kilo-
cycles, side-band frequencies of 99.5 kilocycles and 100.5 kilo-
cycles are produced. If the modulating frequency is increased
to 1000 cycles, side bands will be produced at 99 kilocycles
and 101 kilocycles.

It is these side-band frequencies that carry the intelligence
in an amplitude modulated wave. When an r-f carrier is
modulated by many audio frequencies, such as occur in
speech or music, the side frequencies consist of a band of
frequencies above and below the carrier frequency. The width
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Fig. 2.—~Wave envelopes for 100 percent and 50 percemt modulation.

of this band is determined by the highest modulating fre-
quency.

3. Modulation Percentage.—The degree of modulation of
an amplitude modulated wave is expressed as a percentage
of the amplitude deviation from the unmodulated value. A
carrier wave is 100 percent modulated when the total ampli-
tude variation from crest to trough is equal to twice the un-
modulated amplitude. This is shown in Fig. 2A. The ampli-
tude at A is the constant amplitude of the unmodulated car-
rier wave. When measured from positive crest to negative
crest as at B, the amplitude is twice the unmodulated ampli-
tude. At point C the amplitude is zero. The total variation
is equal to twice the unmodulated amplitude of the carrier
and the wave is 100 percent modulated. The modulation en-
velope shown in Fig. 2B is 50 percent modulated. In this in-
stance, the total variation is equal to the unmodulated ampli-
tude. Stated in terms of voltage, 100 percent modulation
exists when the plate voltage of the r-f amplifier is made to
rise to double its unmodulated value and to fall to zero.

The modulation percentage of a wave should always be as
high as possible. The intelligence being transmitted is con-
tained only in the side bands, and the greatest amount of
power is contained in the side bands when 100 percent modu-
lation is accomplished. If a final amplifier operating at a
d-c plate supply voltage of 200 volts is plate modulated by an
audio signal of 250 volts, a condition of overmodulation will
exist. The percentage of modulation in this case is 125 per-
cent. As the modulating voltage swings from zero to its
maximum value and back to zero as shown in Fig. 3A, the
Mate voltage of the amplifier rises from 200 volts to 450 volts
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and falls back to 200 volts. All during this interval plate cur-
rent will low. During the next half cycle of audio modulat-
ing voltage, the audio voltage subtracts from the d-c plate
voltage causing the plate voltage of the amplifier to fall to a
value of —50 volts. During the period that the plate voltage
on the amplifier is negative, no plate current flows. Thus the
instantaneous peak value of the r-f waves, as shown in Fig.
3B, do not follow the amplitude variations of the audio modu-
lating wave during the complete cycle and distortion results.
High-order harmonics are produced as a result of overmodu-
tion. These harmonics act in the same way as modulating
voltages; they generate side bands which greatly widen the
modulated carrier.
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Fig. 3.—Overmodulation.

4. Power and Amplitude Relations.—In order to 100 per-
cent modulate an rf carrier with a single sine wave audio
frequency, a modulating power equal to one-half of the rf
carrier power is required. Under this condition, the average
power of the modulated carrier is equal to 1.5 times the un-
modulated carrier power. The added power is divided equally
between the upper and lower side bands. During the peaks
of modulating signal, the amplitude of the carrier is doubled
and the instantaneous peak power is equal to four times the
unmodulated power.

When voice modulation is used, only the highest amplitude
peaks can” be permitted to modulate the carrier 100 percent.
A large portion of the a-f speech components do not modulate
the carrier 100 percent. Consequently, the power required
for voice modulation is less than that required for modula-
tion with a single frequency sine wave. It has been deter-
mined that a modulating power equal to approximately 25
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percent of the unmodulated carrier power will result in 100
percent modulation during voice peaks.

5. Ptate Modulation.—In plate modulation the plate volt-
age of an r-f amplifier is varied in accordance with the ampli-
tude and frequency of the modulating signal. Plate modula-
tion is the most efficient of the various types of modulation.
In addition, a plate modulated transmitter is relatively easy
to adjust. For these reasons, plate modulation is used to a
greater extent than other types.

The most common method of accomplishing plate modula-
tion is by transformer coupling between the modulator stage
and the r-f amplifier. Figure 4 is a simplified schematic of a
transformer coupled, plate modulated r-f amplifier. The out-
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Fig. 4.—Plate modulated r-f amplifier.

put of the modulator stage is assumed to be a sine wave of
1000 c.p.s. and 400 volts peak-to-peak amplitude with the in-
stantaneous poilarity as shown in Fig. 4. The voltage induced
in the secondary of T1 will subtract from the d-c supply volt-
age, applied to the plate of the r-f amplifier, during one modu-
lating frequency half cyle, causing a reduced output from
the stage. During the next half cycle of the audio wave, the
polarities reverse and the audio voltage will add to the d-c
supply voltage. The increased voltage on the amplifier causes
a greater current flow in the stage and consequently a higher
output. Since the amplitude of the r-f output is dependent
upon the d-c plate voltage applied to the r-f amplifier, the
continuous variation of the effective plate voltage by the
modulating signal causes a continuous variation in the ampli-
tude of the r-f output.

Another method of plate modulating an r-f amplifier is by
choke coupling. This system, commonly known as the Heis-
ing constant current system, is illustrated in Fig. 5. Plate
voltage is applied to the modulator and the r-f amplifier
through common audio choke coil L1. The audio voltage
across L1 is in series with the d-c plate voltage and will alter-
nately add to and subtract from the plate voltage applied to
the r-f amplifier and modulator. The output of the r-f ampli-
fier will therefore vary in amplitude in accordance with the
modulating signal. When the signal applied to the grid of the
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modulator is swinging negative, current flow through the
modulator tube decreases and plate voltage increases. The
positive voltage across L1 adds to the d-c supply voltage and
causes an increased current through the r-f amplifier. As the
current through V1 decreases, the current through V2 in-
creases and the total current through L1 remains practically
constant. Thus, the name constant current. This system re-
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Fig. 5.—Heising constant-current system of plate modulation.

quires that the modulator tube V1 be operated as a class A
amplifier. In order to attain 100 percent modulation, the
r-f amplifier must be operated at a lower plate voltage than
the modulator.

6. Grid-bias Modulation.—Another method of amplitude
modulating a carrier is by varying the grid bias applied to an
r-f amplifier. An example of this type of circuit is shown in
Fig. 6. A modulation transformer (T1) is connected in series
with the fixed grid bias source of the r-f amplifier. The audio
signal induced in the secondary of T1 varies the d-c bias on
the amplifier. This continuous variation of the bias causes
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Flg. 6.—Grid-bias modulation.

the output of the r-f amplifier to vary at the audio rate. The
modulator must be operated as a class A amplifier. Since
little power is consumed and a comparatively small amplitude
audio votage is required, this is not a disadvantage. The
power outputs obtained with grid-bias modulation are gen-
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erally less than one-fourth the output obtainable with plate
modulation. In addition to low efficiency, it is difficult to ob-
tain a high percentage of modulation using this method.

7. Cathode Modulation.—Cathode modulation is a combina-
tion of plate and grid-bias modulation. The carrier efficiency
obtained with cathode modulation lies between that obtained
with the grid-bias and plate modulating systems. The actual
efficiency secured depends upon the proportion of plate modu-
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Fig. 7.—Cathode and suppressor-grid modulation.

lation to grid-bias modulation. The audio power required and
the permissible carrier efficiency increase as the plate moqdu-
lation is increased in proportion to the grid-bias modulation.
A simplified circuit for cathode modulation is shown in Fig.
7A.

8. Suppressor Grid Modulation.—In a pentode tube a var-
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Fig. 8.~Flate and screen modulated r-f amplifier.

iation in plate current can be produced by varying the volt-
age applied to the suppressor grid. An r-f amplifier employ-
ing a pentode tube can be amplitude modulated by returning
the suppressor grid to a voltage source and varying this volt-
age at an audio rate. The audio signal can be introduced by
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means of a modulation transformer as shown in Fig. 7B.
This method is not widely used because it is difficult to ob-
tain a reasonable modulation percentage with acceptable
linearity.

9. Screen Grid Modulation.—Amplitude modulation of a
tetrode r-f amplifier can be accomplished by applying the
audio modulating signal in series with the screen grid and
the d-c supply voltage. The variation of plate current with a
change in screen voltage is linear over a very small range.

D .I SPEECH l MODULATOR
ANPLIFIER DRIVER MOOULATOA

¥ig. 9.—Block dlagram of a-m transmltter.

It would be impossible to obtain a high degree of modulation
with screen-grid modulation. In order to obtain a high de-
gree of modulation, both the plate voltage and the screen-
grid voltage of a tetrode r-f amplifier are varied. A simple
circuit for this type of modulation is shown in Fig. 8. The
audio voltage induced in the secondary of T1 varies the plate
voltage and the screen-grid voltage without changing the
ratio of the voltages with respect to each other.

A-M TRANSMITTERS

10. An amplitude-modulated transmitter consists of the
r-f circuits which generate and amplify the carrier signal and
the necessary audio circuits to provide modulation. Figure 9
is a simplified block diagram of an a-m transmitter. The r-f
oscillator generates the carrier frequency. The output of the
oscillator is applied to a buffer amplifier where it is amplified
before being applied to the final power amplifier. The audio
signal is amplified by the speech amplifier and then applied
to the modulator stage. In the modulator stage, the audio
signal is amplified to a power level suitable for application
to the r-f power amplifier.

11. Speech Amplifiers.—The audio stages which precede
the modulator are referred to as the speech amplifier. The
speech amplifier usually consists of from one to three voltage-
amplifier stages followed by a power-amplifier or driver stage.
A typical three stage speech amplifier is shown in Fig. 10.
It consists of a class A pentode voltage-amplifier, resistance
coupled to a class A triode voltage amplifier whose output is
resistance coupled to a class A power amplifier. This speech
amplifier is suitable for driving class B modulators of up to




232 A-M TRANSMITTERS AND RECEIVERS

50 watts output. When greater modulator powers are re-
quired, the driver is usually a push-pull stage.

12. Modulators.—This stage supplies the power for modu-
lating the r-f power amplifier. Many modulator arrangements
are used depending upon the power, frequency response, and
distortion requirements of the transmitter. In low power
transmitters class A and class AB modulator stages are gen-

]

Fig. 10.—A three-stage speech amplifier.

erally used. High power plate-modulated transmitters gen-
erally use class B modulators. The power output of a power
ampifier used for plate modulation is usually equal to ap-
proximately 50 percent of the plate input of the modulated
stage. The circuit of a class B modulator is shown in Fig. 11.
It consists of input and output transformers and the modu-
lator tubes. The output transformer is designed to match the
impedance of the modulator plates to the load impedance pre-
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Fig. 11.—Class B modulator.
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sented by the r-f amplifier. The load presented to the modu-
lator is equal to the plate voltage of the modulated stage
divided by its plate current.

13. Oscillators.—The oscillator generates the r-f signal
which is amplified and modulated in later stages of the trans-
mitter. There are two general types of oscillators, variable-
frequency or self-excited oscillators and crystal-controlled
oscillators. Self-excited oscillators make it possible to op-
erate the transmitter at any frequency in the tuning range
of the oscillator and are used when flexibility is more import-
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ant than frequency stability. Self-excited oscillators must be
operated at low power levels, be provided with stable element
voltages, and be lightly loaded to secure suitable frequency
stability. In addition, circuit components must be carefully
designed to minimize variation in circuit values with temper-
ature change. Because of their better load isolation, electron-
coupled oscillators are widely used as variable-frequency
oscillators in transmitters.

When stability and the ability to operate on an exact pre-
determined frequency are important, crystal-controlled oscil-
lators are generally used. In this type of oscillator, the fre-
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Flg. 12.—=Simple crystal osclllator.

quency of oscillation is controlled by a piezo-electric plate.
This plate is mounted between two metal electrodes. When
pressure is applied to a plate of piezo-electric material, such
as quartz, an electromotive force is generated. Conversely
when a voltage is applied to the faces of a quartz plate, it
distorts mechanically. If a quartz plate is mounted between
suitable metal electrodes and placed in an oscillator circuit as
shown in Fig. 12, it will control the frequency of oscillation.
The crystal acts as a high Q resonant circuit. The frequency
at which a quartz plate oscillates is deterniined by its dimen-
sions and its orientation in the quartz crystal from which it
was cut. While the resonant frequency of a good quartz
plate is remarkably independent of temperature, some fre-
quency change does occur with temperature variation. When
the greatest possible stability is required, the crystal unit is
mounted in a temperature control chamber. The tempera-
ture chamber maintains the crystal at a nearly constant op-
erating temperature.

14. Buffer Amplifiers.——The frequency stability of an os-
cillator is somewhat dependent upon load conditions. If an
oscillator must supply power and loading conditions change,
the stability of the oscillator will suffer. 'To minimize the
load on the oscillator and to isolate it from the power ampli-
fier stages, a buffer amplifier is generally used in transmit-
ters. An ideal buffer amplifier operates as a voltage amplifier,
biased so that its grid does not draw current. Under these
conditions, the oscillator is not required to supply power and
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optimum load conditions are secured.

15. Interstage Coupling.—Two coupling methods, capaci-
tive and link, are commonly used between transmitter stages.
Capacitive coupling is illustrated in Fig. 13A. Capacitor C1
serves as the coupling and as a blocking capacitor preventing
the plate supply voltage of the previous stage from reaching
the grid of the amplifier. The amount of coupling is varied
by changing the position of the tap on tank coil L1. Link
coupling is illustrated in Fig. 13B. With this type of coup-
ling, two coils, consisting of a few turns each, are tightly
coupled to the plate and grid tank circuits. These coils are
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Flg. 13.—Interstage coupling circuits.

then connected by a suitable low impedance transmission
line. The coils are located at the low potential points on the
output and input tank coils. In Fig. 13B, where single tube
circuits are employed, these are at the lower ends of the
coils; while in Fig. 13C, where the amplifier is of the push-
pull type, the coupling is placed at the center of the coil. Link
coupling has several advantages. The circuits to be coupled
do not have to be located close together; when used with
push-pull circuits circuit balance is not disturbed, and it
minimizes capacitive coupling which must be avoided in many
circuit arrangements.

16. Frequency Multipliers.—It is not always possible or
desirable to operate the oscillator of a transmitter at the
transmitting frequency. In many cases, the oscillator is op-
erated at a sub-multiple of the transmitting frequency. The
oscillator frequency is then multiplied in suitable amplifier
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circuits to produce the transmitting frequency. An amplifier
whose purpose is to produce energy at a harmonic of its input
frequency is called a frequency multiplier. These circuits
take advantage of the nonlinearity of the plate-current grid-
voltage characteristics of vacuum tubes to produce harmonic
energy. Two frequency multiplying circuits are illustrated
in Fig. 14. In the circuit at A, a single tube is used. The
plate tank circuit is tuned to a harmonic of the input fre-
quency. To secure greatest efficiency, the plate circuit is
operated at a much higher voltage than would be used with
a straight amplifier, and the grid is biased at a voltage slight-
ly beyond plate-current cutoft.

The circuit of Fig. 14B is called a push-pull frequency mul-
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Fig. 14.—Frequency-multipller olrcuits.

tiplier. In this circuit, the grids are connected in push-pull
and the plates are paralleled. Thus for each hailf cycle of
input voltage, a full cycle of output voltage is developed. This
circuit will not operate at the oscillator frequency or at odd
harmonics of that frequency. It is suitable for use at even
harmonics only and its efficiency approaches that of a straight
amplifier.

17. Neutraiization.—~When the grid and plate circuits of an
r-f amplifier are tuned to the same frequency, some means
must be provided to prevent the circuit from acting as an
oscillator. In an amplifier with plate and grid circuits tuned
to the same frequency, the feedback due to the grid-to-plate
capacitance of the tube causes the circuit to operate as a
tuned-plate tuned-grid oscillator. The effects of the feedback
can be neutralized by providing an equal amount of feedback
voltage 180 degrees out of phase with the grid-to-plate feed-
back. Several methods of accomplishing this are illustrated
in Fig. 15. In A a center-tapped plate tank coil L1 is used.
The plate supply voitage is applied to the center tap of L1
through an r-f choke, and bypass capacitor C3 is provided to
place the center tap at ground potential with respect to r.f.
The plate current of the stage flows through the upper halif
of L1 and the r-f variations in this current induce a voltage
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in the lower half 180 degrees out of phase with the r-f voltage
in the upper half. Part of this out-of-phase voltage at the
lower end of L1 is fed back to the grid through neutralizing
capacitor Cn. This voltage opposes the feedback due to the
interelectrode capacitance and prevents oscillation. The cor-
rect amount of feedback is obtained by varying the capaci-
tance of Cn.
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Fig. 15.—~Neutralizing clrcuits.

In the circuit at B, a center-tapped grid coil is used in-
stead of the tapped plate coil of A. Proper phasing of the
feedback voltages is obtained by applying them to the oppo-
site ends of the coil. The circuit at C is a push-pull amplifier
with cross neutralization. The r-f voltages on the opposite
plates of a push-pull stage are 180 degrees out of phase. By
feeding r-f voltage from each plate to opposite grids, the ef-
fects of feedback due to interelectrode capacitance are elim-
inated.

18. Power Amplifiers.—Class B and C amplifiers are used
in the r-f power amplifier stages of transmitters. Class A is
not suitable because of its low efficiency. A class B amplifier
is biased approximately at cutoff. Without excitation, the
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plate current is near zero. When excited by a sinusoidal
voltage, the plate current flows in a series of half cycles.
Push-pull amplifiers may be operated in class B in which case
each tube conducts alternately. The class B amplifier is not
as efficient as the class C amplifier and its use is generally
limited to transmitters in which the modulated amplifier pre-
cedes the final power amplifier. In such a transmitter, con-
siderable distortion would result if a class C amplifier were
used.

Class C amplifiers are biased well beyond cutoff. Plate
efficiencies as high as 90 percent may be obtained with this
class of operation. When the final power amplifier is the
modulated stage, it is usually operated in class C.
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Fig. 16.—Antenna coupling clreuits.

Triodes, screen-grid tetrodes and pentodes are used as
power amplifiers. The screen grid tubes require less driving
power and usually do not require neutralizing.

19. Coupling to the Antenna.—Several of the methods
used to couple the antenna transmission line to the output of
a final amplifier are shown in Fig. 16. A is called direct
coupling. It is used to connect a single-wire or end-fed
antenna to the output tank. To secure proper loading, the
position of the tap is varied. The capacitor C prevents the
high positive plate voltage from being applied to the antenna
system. In B a tuned circuit is inductively coupled to the
final tank circuit, and the antenna is attached to the tuned
circuit. To minimize capacitive coupling, the antenna coil
should be located on the final tank at a point of low r-f volt-
age. In C a half wave antenna, fed with a low impedance
transmission line, is coupled to the transmitter by means of
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a link consisting of a few turns of wire tightly coupled to the
final tank circuit. Link coupling may also be used as illus-
trated in D and E. In D a low impedance non-resonant line
is link coupled to an antenna tuned-circuit which in turn is
coupled to the final tank by means of a link. E is similar
except that it is used to feed a single-wire-fed antenna.

A-M RECEIVERS

20. Superheterodyne Receiver.—A superheterodyne receiv-
er is one in which the desired signal is mixed with a locally
generated signal to produce an intermediate frequency signal.
This intermediate frequency signal is then amplified and de-
tected to produce the audio frequency. Figure 17 is a sim-
plified block diagram of a typical superheterodyne receiver.

Fig. 17.—Block diagram of superheterodyne receiver.

The r-f amplifier stage receives the weak signal intercepted
by the antenna, amplifies it and passes it on to the mixer.
In the mixer stage, the received signal is heterodyned with
the output of the local oscillator. The output of the mixer
stage is an intermediate frequency signal which has the same
modulation characteristics as the received signal. The i-f
signal then passes through a number of amplifiers, referred
to as intermediate-frequency amplifiers, whose output is ap-
plied to the second detector. This stage removes the i-f
component from the signal, leaving the undistorted audio
signal which is then amplified and applied to the loudspeaker.

21. Frequency Conversion.—The converter stage consists
of the mixer and local oscillator., The purpose of the fre-
quency converter is to produce an intermediate-frequency sig-
nal having the same modulation characteristics as the re-
ceived signal. This is accomplished by generating an un-
modulated r-f signal in the receiver and heterodyning it with
the received signal. By this method, a third signal is gen-
erated, whose frequency is equal to the difference between
the locally generated and incoming signal frequencies.

Two circuits are required to generate the i-f signal, an
oscillator and a mixer. Tubes of special design have been
developed so that both functions can be accomplished by one
tube. Many receivers, however, employ separate mixer and
oscillator tubes. A typical converter circuit using separate
mixer and oscillator tubes is shown in Fig. 18. The r-f input
is coupled to the mixer grid tuned-circuit, L.2-C1, by means of
roupling coil L1. This circuit (L2-Cl) is tuned to the fre-
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quency of the incoming signal. The incoming signal builds
up across L2-C1 and is applied to the mixer grid. V2 is con-
nected in an Armstrong oscillator circuit. The oscillator op-
erates at a frequency equal to the incoming-signal frequency
plus the intermediate frequency. Output from the oscillator
is coupled to the mixer grid through capacitor C2. The sig-
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Fig. 18.—Converter stage using separate mixer and oscillator tubes.

nal on the plate of the mixer tube is thus the result of both
the incoming signal and the oscillator signal. Signals at the
oscillator frequency, the received signal frequency, the differ-
ence frequency, and several others appear in the mixer out-
put. Circuit L5-C8 is tuned to the difference frequency and
this signal builds up to a high amplitude while other signals
are largely eliminated.

Capacitors C1 and C3 are ganged so that when the mixer
grid circuit is tuned to the frequency of an incoming signal,
the oscillator is tuned so that its frequency remains equal to
the incoming signal plus intermediate frequencies. 465 kilo-
cycles is one of the most common intermediate frequencies.
With this i.f. if the received signal is at a frequency of 1,000
kilocycles, the oscillator frequency must be 1,465 kilocyeles.
If the mixer is tuned to a new signal, at say 2,000 kilocycles,
the oscillator must be changed to 2,465 kilocycles.

22. Oscillator Signal Injection.—In the converter described
above, a capacitor is used to inject the oscillator signal into
the grid circuit of the mixer. This arrangement is called
capacitive injection. Two other methods of injecting the
oscillator signal into the mixer circuit are shown in Fig. 19.
In A inductive injection is used. The oscillator grid coil L4
is inductively coupled to the mixer cathode circuit by means
of coupling coil L3. In B electronic injection is used. A
pentagrid mixer tube is used in this circuit providing a sep-
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arate grid for the oscillator signal. The incoming signal, ap-
plied to the control grid, and oscillator signal, applied to a
second control grid, both act upon the electron stream through
the tube, to produce the intermediate frequency in the plate
circuit. The injection method illustrated in Fig 18A is
superior to that of Fig. 18 in that it reduces interaction be-
tween the mixer and oscillator circuits. The circuit of Fig.
19B is superior to both of the others in this respect.

23. |.f Amplifiers.—The i-f amplifiers provide the selectiv-
ity and most of the voltage amplification of a superhetero-
dyne receiver. One, two and sometimes three i-f amplifier
stages are used. A typical i-f amplifier circuit i§ shown in
Fig. 20. The input and output circuits are inductively coupled

Fig. 19.—Inductive and electronic osclllator signal injection.

by means of i-f transformers Tt and T2. The primaries and
gecondaries of the transformers are tuned. Since the incom-
ing signal is always heterodyned to the same intermediate
frequency, the four tuned circuits are operated at the same
frequency at all times. This makes it possible to design and
adjust the circuits to obtain maximum gain and selectivity.
The i-f transformers are mounted in small metal cans and
are adjusted to the proper frequency by means of variable
capacitors, as shown in the figure, or by means of movable
powdered-iron cores. The capacitor-tuned type are often pro-
vided with fixed powdered-iron cores to increase gain and
selectivity.

Because of the high gain of i-f amplifiers, coupling be-
tween input and output circuits must be kept to a minimum.
This is accomplished by careful shielding and placement of
parts and by providing suitable decoupling net works in plate,
screen and grid circuits. Decoupling networks usually con-
sist of a resistor and capacitor connected as shown in Fig. 20.
R2-C5 is the plate decoupling network while R3-C6é provides
screen decoupling.

24. Selectivity and Image Rejection..—The two most im-
portant factors influencing the choice of an intermediate fre-
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quency are selectivity and image rejection. For several rea-
sons it is possible to obtain greater selectivity as the inter-
mediate frequency is lowered. Therefore, when maximum
selectivity is desired, the intermediate frequency is made as
low as possible consistent with other factors.

If the oscillator of a superheterodyne is tuned to 1,465 kilo-
cycles and the intermediate frequency is 465 kilocycles, sig:
nals at 1,000 kilocycles (oscillator minus i.f.) and 1,930 kilo-
cycles (oscillator plus if.) may be received by tuning the
mixer to the desired signal. This is possible because both
frequencies when heterodyned with the oscillator signal will
produce the same difference frequency. In practice, the mixer
is tracked so that it is always tuned to either the oscillator
frequency plus the i.f. or the oscillator frequency minus the i.f.
If the mixer frequency is equal to the i.f. plus the oscillator fre-

Fig. 20.—entode 1-f ampiifier circult.

quency, then the if. minus the oscillator frequency is referred
to as the image frequency. If the mixer is tuned below the
oscillator frequency, then the higher frequency is the image
frequency. Regardless to which frequency the mixer is
tuned, some signal energy will appear in the mixer 