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PREFACE

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

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

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

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

Van Valkenburgh, Nooger and Neville, Inc.

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

History of Communication

Did it ever occur to you to ask, "Why is there such a thing as a radio re-
ceiver?" To answer this question, you have to know something about the
history of man's attempt to improve his methods of communication.

Since the earliest days, man has always tried to increase the distance
over which he could send messages.

*e TELEPHONE




INTRODUCTION TO RECEIVERS

History of Communication (continued)

Since the dawn of history, good communications have played an important
part in the art of warfare. The victory message of the Battle of Marathon
carried by a Greek runner was one of the earliest recorded instances of

battle communications. Our own history offers another famous example
in Paul Revere's ride.

coop COMMUNICATIONS HAVE WON BATTLES

A result of poor communications was effectively demonstratea in the Battle
of New Orleans during the War of 1812. Because news of the cessation of
hostilities did not reach those in command until it was too late, this battle
was fought several days after the war had ended.

5-2



INTRODUCTION TO RECEIVERS
History of Communication (continued)

Some of the more primitive methods of communication—human messengers
and homing pigeons~have limited application. Today we still use semaphore
signals and interrupted flashes of light to convey messages. Colored lights,
rockets and flares perform functions similar to those of the warning hilltop
fires of old, while whistles and sirens are still being used.

some [[1ODERI] versions or
P}]JI‘”J‘IJ !IE METHODS ARE
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INTRODUCTION TO RECEIVERS

History of Communication (continued)

These simple signaling systems are at best slow and unreliable. If the
wind is blowing from the wrong direction, sound signals will not be re-
ceived. In thick fog or heavy rain, visual signals fail to deliver the mes-
sage. Runners and pigeons are slightly more reliable, but their rate of
travel is relatively slow.

The problem of rapid and reliable communication was solved by harnessing
electricity to the task. Improvements on the inventions of Morse, Bell
and Marconi have led to the development of modern telegraph, telephone
and wireless communication systems capable of transmitting messages
almost instantaneously over thousands of miles of space.




INTRODUCTION TO RECEIVERS

Modern Wireless Communication

Today, with the advent of wireless communication, or as it is more com-
monly known—radio communication, the use of electricity for transmitting
messages has reached its highest point. No longer is transmission limited
to those places which a wire can reach, as is the case with telephone.

This remarkable electronic device, the radio, consists of two parts—the
transmitter and the receiver. The transmitter sends out the message, in
the form of radio waves, into the atmosphere. The radio receiver picks
up the radio waves sent out by the transmitter, and converts them into the
message which was originally put into the transmitter. This section will
deal with the receiving end of radio communication—the receiver.
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INTRODUCTION TO RECEIVERS

The Jobs a Receiver Performs

The jobs that a receiver must perform are very much the same in radio,
radar and sonar equipment. Both the type of signal going into the receiver
and the type of signal coming out of the receiver are different for eachtype
of equipment; but the steps the incoming signal must go through before it
emerges as a useful output are almost identical, whether the receiver is
used for radio, radar or sonar. The function of any receiver can be
broken down into five separate steps.

1. Picking up incoming signals: In radio and radar, the incoming signals
are electromagnetic carrier waves sent out by a transmitter. When
these waves cut across the receiving antenna, a very weak current is
caused to flow. The current varies in frequency and amplitude to du-
plicate the signal radiated from the transmitter antenna.

In sonar, the ""antenna" is an underwater microphone called a "trans-
ducer™ which converts the incoming signal to a weak current flow and
serves the same purpose as the radio and radar antennas.
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2. Selecting the desired signal:
Many transmitters are sending
out signals that reach the re-
ceiver antenna, and of these
many signals, the receiver
must be able to select the de-
sired one. Each transmitter
uses a different frequency,
while the receiver contains
circuits tuned to only the fre-
quency that the operator de-
sires to receive. The more
tuned circuits used, the sharp-
er the tuning. By tuning these
circuits to the frequency of
the signal of one of the trans-
mitters, you can select that
desired signal and reject all
other signals.




INTRODUCTION TO RECEIVERS

The Jobs a Receiver Performs (continued)

3. Amplifying the desired RF signal: The currents generated by the in-
coming signals in the antenna or transducer are extremely weak, RF
amplifiers similar to those you have already studied are used to amplify
these weak signals before they reach the detector.

4. Detecting or demodulating the amplified signal: A detector stage fol-
lows the last RF amplifier in a receiver. The detector does the im-
portant job of separating the "‘envelope' of the signal from the RF car-
rier. Because the envelope is the modulation of the signal, a detector
is sometimes called a ""demodulator.' The signal, after demodulation,
may be a voice or code signal as in communications radio receivers,
or a sharp voltage rise and fall as in radar or sonar receivers.

5. Amplifying the audio or video signals: In radio receivers, the audio
signal which comes from the detector undergoes further amplification.
Audio voltage amplifiers and power amplifiers, similar to those you
have already studied, build up the audio signal enough to operate a pair of
earphones or a loudspeaker so that the signal may be heard.

In some sonar sets, the signal is heard in a loudspeaker, and the re-
ceiver is similar in design and operation to a radio receiver. In radar
and certain other types of sonar receivers, the signal will show up as
a "pip'" on a 'scope. In these receivers, a video amplifier similar to
those you have already learned about, would be used to amplify the
voltage "pips." The video amplifiers take the signal from the detector
and build it up so that it can be seen on the radar or sonar 'scope.

COMMUNICATION
TYPE
RECEIVER
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INTRODUCTION TO RECEIVERS
Receiver Sensitivity

There are several characteristics of a receiver which you can determine
by simply comparing the input signal and the receiver output. These char-
acteristics will tell you how well your receiver is working. The first of
the characteristics —there are three in all—is sensitivity.

Sensitivity can be defined as the ability of the receiver to pick up weak sig-
nals, amplify them and deliver a useful output. No matter what type of
equipment the receiver is in, sensitivity is important because many input
signals which the receiver must amplify are extremely weak. Only a sen-
sitive receiver can develop a sizable output with a weak input.
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INTRODUCTION TO RECEIVERS

Receiver Selectivity

Sensitivity, by itself, does not make a receiver good enough for use. It
must also be selective.

Selectivity is the ability of a receiver to select a desired signal and dis-
criminate against all undesired signals. If every signal which struck the
antenna were amplified, the output, although strong enough, would be
worthless because of all the interference caused by the presence of the un-
desired signals.
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INTRODUCTION TO RECEIVERS
Fidelity

For some applications, if the receiver can pick out one signal from the
many which strike the antenna (selectivity) and can amplify it so as to pro-
duce a useful output even though the signal may be weak (sensitivity), the
receiver is good enough to be used. For other applications, one more
thing is important—the receiver must be able to reproduce the incoming
signal without distortion. A receiver which can do this is said to have'good
fidelity; a receiver which cannot,has poor fidelity.

Home radio receivers usually have good fidelity since they are made for
enjoyment. Communications receivers are made to duplicate voice, but
only so that it is intelligible, and are therefore not usually designed with
good fidelity in mind. Sonar and radar receivers, on the other hand, have
good fidelity because the operator gets a great deal of information from the
sound or 'scope appearance of the receiver output,




INTRODUCTION TO RECEIVERS

The Crystal Receiver

The first receivers were used in the early 1900's and were ca.lled"crysta.l
sets” In their simplest form, they consisted of an antenna, a crystal de-
tector, a '"'cat's whisker" and a pair of earphones.

The antenna picked up any signals in the air —in those days there were very
few—and the crystal (which operated as a rectifier) allowed the antenna
currents to flow directly to ground on every positive half cycle of RF, but
blocked the negative half cycles. These positive half cycles of current
flowed through the' cat's whisker," a delicate wire contact on the crystal,

to the earphones where weak sounds sometimes were heard. Crystal sets

at best had one tuned circuit before the crystal, but even so, the selectivity
was very poor. Because no vacuum tubes were used, the sensitivity was

so bad that crystal sets could not be used very far from a transmitting
station. Today these sets are curiosities, and have no practical applications.
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INTRODUCTION TO RECEIVERS

The TRF Receiver

RF AMPLIFIER DETECTOR AUDIO AMPLIFIER

By 1920, crystal sets were on their way out and were being replaced by
tuned radio frequency (TRF) receivers, which made use of vacuum tubes.
The first few vacuum tubes, and their tuned circuits, make up the RF am-
plifier which gives the TRF receiver better selectivity and sensitivity than
the old crystal sets. The detector does the same thing as the crystal de-
tector and sometimes amplifies the signal as well. After the detector, the
audio signal is amplified in the audio amplifier. The output of the audio
amplifier is a fairly powerful signal which can be used to drive a loud-
speaker or a pair of earphones. TRF receivers are not used very often
today, but some receivers are still of this type.
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INTRODUCTION TO RECEIVERS
The Superheterodyne Receiver

The most common type of receiver used in home radios and in other equip-
ment is the superheterodyne receiver. In this type of receiver, all the RF
amplification does not take place at the incoming signal frequency. Most

of the RF amplification occurs after the incoming signal has been converted
to an intermediate frequency (IF), which is always the same no matter what
the frequency of the desired signal is. You will see how this is accomplished
later.

\/ A

Mixer
W ‘ W L /
RF - IF "~ Detector AF
Amplifier Amplifier Amplifier
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The only parts in a superhet which differ from those in a TRF are the vari-
able frequency local oscillator, the mixer and the IF amplifier. The vari-
able frequency local oscillator is similar to the oscillators with which you
have already worked. The oscillator produces a pure RF signal which is
"mixed" in the mixer stage with the signal from the RF amplifier. The
resulting IF frequency is the difference between the input signal frequency
and the local oscillator frequency. The IF is a fixed frequency and the IF
amplifiers are therefore fixed-tuned. This allows them to be very accu-
rately tuned so that high gain and selectivity can be obtained at the chosen
frequency.

You will find out exactly how a superhet receiver works a little later in
this section. For the time being, it is enough for you to know that the
advantage of the superhet over the TRF receiver is that the superhet has
higher gain and greater selectivity.
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INTRODUCTION TO RECEIVERS

Recently Developed Uses of Receivers

Receivers play a very important role in the relatively new field of tele-
vision, which finds wide application both in the civilian and military field.

Every home television set has at least two receivers. One receiver is de-
signed to change part of the incoming signal into sound, while the other

converts the remainder of the signal into a picture or image which appears
on a screen.

o~

Picture or
VIDEO SECTION

Sound or
AUDIO SECTION

Picture Tube

Class Room

We are all aware of television as a source of entertainment. Another
application, designed for improving and enriching training programs,
involves the use of televised demonstrations. These demonstrations may
be observed simultaneously in dozens of classrooms.
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INTRODUCTION TO RECEIVERS

Recently Developed Uses of Receivers (continued)

Airborne television equipment can be used to transmit an overall survey
of localized operations back to a flagship or to headquarters.

One of the most interesting and significant applications of radio reception
to modern warfare is in connection with the development of guided
missiles. The path followed by these missiles can be controlled by radio
signals transmitted by a distant operator.




RECEIVER ANTENNAS

The Function of Receiver Antennas

The purpose of the receiver antenna is to intercept the electromagnetic
waves radiated from the transmitter. When these waves cut across the
antenna, they generate a small voltage in it. This voltage causes a weak
current to flow in the antenna-ground system. This feeble current has the
same frequency as the current in the transmitter. If the original current
in the transmitter is amplitude modulated, the antenna current will vary
in exactly the same manner. This weak antenna current, flowing through
the antenna coil, induces a corresponding signal in the grid circuit of the
first RF amplifier stage of the receiver.

Electromagnetic Waves

I ”| H ‘ [y

1)

Current 1 1 Current
% E ‘ 1nput
TRANSMITTER & - stage
s RECEIVER

RECEIVER ANTENNAS INTERCEPT THE RADIO WAVES SENT OUT BY
THE TRANSMITTER

A receiving antenna should feed as much signal and as small an amount of
undesired interference to the receiver as possible. It should be construc-
ted so that the signal is not lost or dissipated before reaching the receiver.
It should give maximum response for the frequency or band of frequencies
to which the receiver is tuned. An antenna can also be directional, which
means that it will give best response in the direction from which the op-
erator wishes to receive.

The receiver antenna problem is easily solved when the receiver is op-
erated in conjunction with a transmitter. Since the transmitting antenna
is usually designed to incorporate the desirable features which have just
been listed, the same antenna is used for both transmitter and receiver.
A switch or relay is used to connect the antenna to the piece of equipment
that is operating at that particular moment. However, when no trans-
mitter antenna is available it may be necessary to erect a separate re-
celving antenna, paying attention to the four considerations of noise, sig-
nal loss, frequency response and directivity. Before discussing these
considerations of antenna design, it might be a good idea to become famil-
iar with a few of the more common types of receiving antennas.
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RECEIVER ANTENNAS

Types of Receiver Antennas

One of the simplest and most commonly used antennas is the inverted L.
It consists of a wire, known as a 'flat-top, ' which is suspended horizon-
tally between two insulators. The length of the wire should be from 50 to
75 feet for broadcast-band reception and from 20 to 40 feet for high-
frequency reception. The flat-top should be suspended from 30 to 50 feet
above the ground. A wire known as the '"lead-in" is used as a transmis-
sion line from the antenna to the receiver. It is connected near one end
of the flat-top and brought down to the primary winding of the receiver
antenna coil.

s Flat-top

Insulator A Antenna Coil

Lead in r‘—/
ELE

RECEIVER

= INVERTED L ANTENNA == R

Another common type of antenna is the doublet or dipole antenna. It con-
sists of a horizontal wire divided into two equal sections by an insulator.
Each half of the antenna should be a quarter wave long for the frequency
band most commonly used. The transmission line from the antenna is
connected to the two ends of the primary of the antenna coil.

This type of antenna will give excellent high-frequency response and will
also give comparatively noise-free reception on the broadcast band. It
may be of interest to note that most television receiver antennas are mod-
ifications of the dipole antenna, with metal bars replacing the less rigid
wires.

1/4 wavelength  1/4 wavelength
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RECEIVER ANTENNAS

Types of Receiver Antennas (continued)

Where lack of space makes horizon- VERTICAL
tal antennas impractical, a vertical ANTENNA
antenna is used. Vertical antennas,
consisting of telescoping metal masts
from 3 to 14 feet in length, are com-
monly used for automobile and port-
able receivers, and sometimes for
home broadcast receivers. An ordi-
nary lead-in wire is run from the
bottom of the antenna to the primary
of the antenna coil of the receiver.
The other end of the primary should
be grounded.

FLAT OR PANCAKE
LOOP ANTENNA

Another type of antenna used for
BOX LOOP portable and home receivers is the
ANTENNA loop antenna. The loop consists of
a coil of wire which is connected to
\1 the two ends of the primary of the

antenna coil, Most home broad-
cast-band receivers contain a loop
antenna within the cabinet.

A TYPE OF LOOP

ANTENNA FOUND

IN DIRECTION The loop antenna is highly direc-
FINDING EQUIPMENT tional. When it is pointed edge-
wise toward a transmitter, the
signal piekup {8 maximum; when
its flat side is toward the trans-
mitter, the signal pickup is mini-
mum, This property makes it ex-
y tremely useful for radio-beacon

- and direction-finding equipment.




RECEIVER ANTENNAS

Considerations in Selecting and Installing an Antenna—Noise

An important consideration in antenna installation is that of noise. Noise
consists of radio waves of many frequencies and is produced by both man-
made and natural electrical disturbances. Among the more important
man-made noise producers are elevators, fans, refrigerators, automobile
ignition systems, vacuum cleaners, X-ray and diathermy equipment, and
power lines.

NN N = N\I\uxx\‘

MAN-MADE PROD

B

The antenna cannot differentiate between desired signals and undesired

radio noise. It is customary to compare the signal pickup of the antenna
with the noise pickup. This relationship is known as the "signal-to-noise
ratio. " A high signal-to-noise ratio is necessary if one desires to obtain

relatively noise-free reception.

Desired
Signal ° NOISE WAVES
Waves
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ANTENNAS CANNOT DIFFER-
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RECEIVER ANTENNAS

Considerations in Selecting and Installing an Antenna—Noise (continued)

There are various ways by which a high signal-to-noise ratio may be ob-
tained. The first method is by locating the antenna as far as possible
from elevator shafts, street car and power lines and other devices likely
to produce noise. Placing the antenna at right angles to the power line
will also reduce the amount of noise.

HIGH SIGNAL-TO-NOISE
RATIO (Low Noise Pickup)

LOW SIGNAL-TO-NOISE RATIO
(High Noise Pickup)

The second method is by increasing the height of the antenna as much as
practical considerations will allow. This tends to increase the signal
strength and reduce the amount of noise.

The third method involves using a good ground connection to the receiver
when provision is made for one. A poor ground lead may pick up noise;
therefore, it should be as short as possible and away from noise-producing
devices. A good ground lead should use rubber-insulated wire, size No.
14 or larger. It should make good contact through a ground clamp to a
grounded object, such as a radiator or water pipe. Gas pipes should never
be used for grounding purposes.

A good deal of noise may be p!cked up by the lead-in. If the lead-in uses
two wires, as in the case of the transmission line used with a doublet an-
tenna, noise can be reduced by using twisted wires or by reversing the
positions of the wires every few feet. Noise can also be reduced by using
shielded lead-in wires.
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RECEIVER ANTENNAS

Considerations in Selecting and Installing an Antenna—Signal Losses

The second factor to be considered in selecting and installing an antenna
is that of signal losses. The antenna should be placed as far as possible
from metal objects, chimneys, walls, and tree branches which absorb
radio waves and thus reduce the strength of the signal reaching the an-
tenna. A loose or swinging antenna may cause the signal to fade.

FACTORS THAT CAUSE
ANTENNA SIGNAL LOSSES. ..

Antenna touching
tree branches

Antenna sur-
rounded by tall buildings

Antenna swaying in the breeze

Signal losses will also be increased if a high resistance is present in the
antenna circuit. To reduce resistance, all joints and connections should
be carefully soldered and, wherever possible, the antenna and lead-in
should consist of a single piece of wire with no joints.

Signal losses may be further increased by leakage of current through poor
supporting insulators. These insulators should be made of materials such
as glazed porcelain or pyrex glass, which do not readily absorb moisture
and thus provide a leakage path for current.

Antenna Wire
Insulator Tie-Wire
REDUCING ANTENNA RESIST-
Lead-in ANCE BY ELIMINATING JOINTS
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RECEIVER ANTENNAS

Considerations in Selecting and Installing an Antenna—
Frequency Response and Directivity

The third consideration is that of frequency response which is related to
the antenna length. A maximum signal, at a given frequency, will be in-
duced in the antenna if it is one-quarter or one-half the wavelength of the
signal to be received. If desired, it is possible to change the effective
length of an antenna by placing a coil or capacitor in series with it. Add-
ing inductance increases the electrical length of the antenna, while adding
capacity shortens it. The front panel of certain receivers contains a con-
trol marked ANT. COMP. (antenna compensation). This control varies
the size of a small capacitor and is used to compensate for variations in
antenna length. In general, adjustment of the antenna to the correct length
is not nearly as important or critical for receiving equipment as for trans-
mitters.

The final consideration if that of directivity. All antennas, except the ver-
tical type consisting of a single perpendicular wire, have a directional ef-
fect and receive signals from certain directions better than from others.

A horizontal or inverted L antenna will receive best when the signal cuts
the antenna wire at right angles. For any one station the antenna may be
turned so that it produces the maximum signal pickup. However, since it
is extremely unlikely that all transmitters will be broadcasting from the
same direction, the placement of the antenna will probably be a compro-
mise for all stations.

The directional eftects of the loop antenna have already been discussed

and need not be repeated. Dipole antennas may be made highly directional
by arranging them into systems called "arrays," similar to those employed
with television systems.

FACTORS TO BE CONSIDERED IN
SELECTING AND INSTALLING
ANTENNAS. . .

-
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RECEIVER ANTENNAS

Review of Receiver Antennas

ANTENNA FUNCTION—The receiver
antenna picks up signals radiated by a
transmitter, and transmits these sig-
nals—via the lead-in or transmission
line—to the primary of the receiver
antenna coil., The electromagnetic
waves cutting the antenna induce volt-
ages, thus causing currents to flow
which are amplified by the receiver.

INVERTED L ANTENNA—This is one
of the simplest and most commonly
used types of antennas, consisting of
a horizontally supported wire, with
the lead-in attached near one end.

DIPOLE ANTENNA—This type of an-

tenna is the same as is used in trans-
mitters, and consists of two quarter
wavelength sections supported hori-
zontally. It gives excellent high-
frequency response.

LOOP ANTENNA—The loop antenna

is used with many portable and home
broadcast-band receivers. Because

it is highly directional,it is also used
in direction-finding equipment.

SELECTION AND INSTALLATION—
Noise, signal loss, frequency re-
sponse and directivity are the four
factors which must be considered when
selecting and installing an antenna.
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TRF RECEIVERS—RF AMPLIFIER STAGE

The TRF Receiver

The TRF receiver is the type of receiver you will study first. You will
recall from "Introduction to Receivers" that the TRF consists of an RF
amplifier, a detector and an audio amplifier.

So that you may have in mind the goal toward which you are working, shown
below are the circuit diagrams of the two TRF receivers you will learn
about.

TRF RECEIVER WITH A REGENERATIVE DETECTOR

]
Li.‘i' MFD

REGENERATIVE !
DETECTOR | AUDIO AMPLIFIER

TRF RECEIVER WITH A PLATE DETECTOR

:

NT.COl
f I
=5 ~~

RF AMPLIFIER | PLATE DETECTOR
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TRF RECEIVERS~RF AMPLIFIER STAGE

The RF Amplifier Stage

Every TRF receiver contains one or more stages of RF amplification pre-
ceding the detector. The main purpose of these amplifiers is to provide
additional selectivity and sensitivity. You will recall that selectivity indi-
cates how well a receiver receives a desired signal and rejects unwanted
signals, and that sensitivity is a measure of the receiver's ability to pick
up a weak signal. In general, the more RF amplifier stages used, the
greater will be the selectivity and sensitivity. On this and the following
few sheets you will review some of the outstanding points about RF ampli-
fiers.

ml
| il

;; GREATER SELECTIVITY AND SENSITIVITY
Antenna OBTAINED BY USING MORE TUNED
RF STAGES

2ND
RF
AMPLIFIER

M |
Since the RF amplifier stage is designed primarily for voltage amplifica-
tion, any tube suitable for voltage amplification may be used. However,
triodes are not considered satisfactory because they have a strong tendency
to produce undesirable oscillations when employed in RF amplifier stages.
Unless the triodes are carefully neutralized to prevent feedback, the os-
cillations produced are likely to cause considerable trouble.

3RD
RF
AMPLIFIER

AMPLIFIER

Tubes containing a screen grid do not suffer from this disadvantage and

as a result, most RF amplifiers found in receivers employ either tetrodes
or pentodes. The tube which is generally preferred as an RF amplifier is

a variable-mu pentode. The use of this type of tube not only provides for
considerable voltage gain, but also minimizes certain types of interference
from powerful undesired signals. Since varying the grid bias of a variable-
mu pentode changes the amount of amplification, this type of tube lends
itself admirably to applications in circuits involving manual volume control
or automatic volume control.

Only screen grid ““
tubes are used "l
in receiver RF ','
amplifiers Il

TETRODE PENTODE




TRF RECEIVERS—RF AMPLIFIER STAGE

RF Transformers

In the schematic of an RF amplifier stage shown below, you will note that
the RF amplifier has two RF transformers. The first, the antenna coil,
is designed to couple the antenna circuit to the grid circuit of the ampli-
fier. The second, often referred to as the RF coil, couples the plate cir-
cuit of the RF amplifier with the grid circuit of the next stage.

ANTENNA COIL RF COIL

RECOIL

ANT con

The coils are usually wound on a form made of cardboard or bakelite.
They are generally of the air core type, although occasionally, when
the frequency of operation is not too high, powdered iron cores may
be employed.
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TRF RECEIVERS—RF AMPLIFIER STAGE

RF Transformers (continued)

RF transformers used for broadcast band reception have relatively large
primary windings which tend to resonate at low frequencies and produce
greater gain at the low end of the dial. To compensate for this, capacitive
coupling between primary and secondary is used to increase the gain at
the high frequency end of the dial. This is accomplished during the man-
ufacture of the coil, by connecting a small capacitor of from 3 to 10 mmfd
capacity between the primary and secondary windings, or by using a loop
of wire, known as a "gimmick' or "capacity turn.' This wire is connected
to the primary and is wrapped around, but insulated from, the secondary.

the

Gimmick

Perhaps you will recall some references, made in "RF Amplifiers, ' to
the "Q" of a resonant circuit. This Q, which is equal numerically to the
reactance of the coil divided by its resistance, determines both the selec-
tivity and voltage gain that can be obtained from a resonant circuit. In
order to keep the selectivity high, it is therefore necessary to use RF
transformers whose resistance is fairly low.

Another important consideration is that of shielding. Unless RF trans-
formers are shielded by means of copper or aluminum shields grounded
to the chassis of the receiver, there probably will be undesirable coupling
and the production of unwanted oscillations. It should also be noted that
shielding changes the inductance and Q of a coil. Consequently any re-
ceiver adjustments, such as the alignment process which will be de-
scribed shortly, should be performed with the shields in place.
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Band Switching

You will note that while the primaries of these transformers are untuned,
variable capacitors are connected across the secondary coils, thus form=-
ing resonant or tuned circuits. These resonant circuits are responsible
for the high selectivity and sensitivity of the TRF receiver.

If a receiver is to cover a frequency range greater than one coil and one
tuning capacitor will allow, it will be necessary to change the tuning cir-
cuits. This 18 usually accomplished by substituting a different coil. One
system uses removable plug-in coils, while another system uses several
mounted coils whose leads run to a multicontact rotary switch, known as
a '"selector” or "band switch. " By turning the switch, any coil may be
connected to the tuning capacitor and thus provide a satisfactory response
for any desired band of frequencies.

A good example of a receiver employing band switching is shown below.
In this receiver the selection of the frequency band is accomplished by
rotating a four-position switch. Each switch section can connect any one
of four RF coils to a variable capacitor.

BAND SWITCHING
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Ganged Capacitors and Alignment

Every TRF receiver has a minimum of two tuned circuits, one associated
with the RF amplifier and one with the detector. In the early days of the
TRF, each variable capacitor in the tuned circuit was connected to its own
individual tuning knob. In order to tune your radio to a station, you had to
turn each knob individually until each tuned circuit was resonant to the
frequency of the desired station.

The modern TRF receiver eliminates the need for individual tuning knobs
by having the variable capacitors of all the tuned circuits mounted on one
shaft. This allows the receiver to be tuned with a single control which
varies all the tuned circuits together and at the same time. This is called
"ganged" tuning. In a receiver having two RF amplifier stages plus a de-
tector, a three-gang capacitor would be used.

Since all of the tuned circuits are varied together, all of the variable
capacitors should have exactly the same capacity, at the same time,
for various settings. All of the tuned circuits would then be resonant to
the same frequency at the same time—resulting in maximum sensitiv-
ity and selectivity.

Unfortunately, no two capacitors can be manufactured exactly alike, and
therefore the individual capacitor sections on a ganged unit will have
slightly different capacities at every setting. If nothing were done to com-
pensate for these differences in capacity, the tuned circuits in a receiver
would be resonant to slightly different frequencies for every setting of the
tuning knob—causing poor receiver selectivity and sensitivity. Such a re-
ceiver is said to be"out of alignment.”

A= 200 MMF
B =195 MMF
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RECEIVER OUT OF ALIGNMENT
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Trimmer Capacitors and Coils

The problem of misalignment can be solved by adding small variable ca-
pacitors, called "trimmer capacitors,' in parallel with the main variable
tuning capacitors.

Sometimes the adjustmentis made in the coil of a tuned circuit rather than
on the capacitors. In this case, an iron-cored slug is moved in and out of
the coil, causing the inductance to vary. This is called "slug tuning."

In receivers covering only one band, the trimmers are usually located on
the ganged capacitors, one for each section. In receivers using band
switching, the trimmers for each range are usually mounted on, and in par-
allel with, the individual coils. These trimmer capacitors are adjusted
after the main capacitors have been set at minimum capacity at the high
end of the dial. They are adjusted to make the total capacity of the
individual tuned circuits the same at every setting of the tuning con-
trol. The tuned circuits will, therefore, be tuned to the same fre-
quency, simultaneously, all over the band—resulting in high receiver
sensitivity and selectivity.

K-
2

i

Ny

A
g! VARIABLE
- CAPACITORS

.....
e
-

t TRIMMERS

'

A+D= 200 MMF l|3+g=2oom4r C+F =200 mmr

7 L] st 1 2ND 3R

-
7] RF RF RF
< O
RESONANT RESONANT RESONANT
TO 600 KC TO 600 KC TO 600 KC
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It sometimes happens that although the circuits are properly adjusted at
the high end of the dial, they may not tune to identical frequencies at the
other end of the dial. A correction may be made for this, in some sets,
if the end rotor plates are of the slotted type. Adjustments can be made
by bending a portion of the slotted plates toward, or away from, the stator
plates. When all of the stages tune to identical frequencies at all dial set-
tings, they are said to be "tracking” and the receiver is in alignment.
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Grid Bias Manual Volume Control
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Since signals arriving from different transmitters will vary in inten-
sity, it is necessary to provide a volume control so that the gain of
the RF amplifier and the loudness of the signal can be varied. One of
the most common methods of controlling the gain of a TRF is to
change the bias voltage of the RF amplifier stage by placing a variable
resistor in the cathode circuit.

You will recall, from previous discussion, that the RF amplifier stage
usually employs a variable-mu pentode tube. Varying the bias of this
variable-mu tube causes the amplification factor of the tube to vary, and
therefore the gain of the stage to vary. If there are several RF amplifiers,
the variable resistor may be connected in such a manner as to vary the
bias of all of the RF amplifiers. The fixed resistor in the cathode circuit
is placed there to provide the proper bias when the variable resistor is

set for maximum gain at the zero resistance position.

A variation of the grid bias volume con-
trol employs a potentiometer, which also
acts as a variable shunt across the pri-
mary of the antenna coil. When the mov-
ing arm of the potentiometer is moved to ANT.COIL
the left, the resistance across the pri-
mary coil is reduced while the cathode
resistance is increased. This resultsin
a weaker signal on the grid and reduced
voltage amplification. When the sliding
arm is moved to the extreme right, the
resistance across the primary is in-
creased, while the cathode resistance is
reduced. This produces a stronger sig-
nal on the grid and increased voltage
amplification.
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Analysis of the RF Amplifier

The R Amplifier

Suppose you pause for a moment to examine the RF amplifier shown above
and to review the purpose of each component. The antennd coil couples the
antenna to the control grid of the RF amplifier. The variable capacitor
enables the operator to tune the amplifier to the frequency of the desired
signal, and thus provides selectivity. The 25K variable resistor acts as a
volume control, while the 330-ohm resistor provides limiting cathode bias.
The . 01 mfd capacitor between the cathode and ground is the cathode bypass
capacitor. The 100K resistor in the screen grid circuit is the screen grid
voltage dropping resistor, which serves to keep the screen grid at a lower
positive potential than the plate. The .01 mfd capacitor in the screen grid
circuit is the screen grid bypass capacitor, which acts as a bypass for RF
signals, and enables the screen to act as a shield between the plate and the
control grid. The 22K resistor in the plate circuit is the plate load, while
the .01 mfd capacitor in the plate circuit is used for the purpose of coupling

the plate circuit to the grid of the next stage, and at the same time effectively
blocking the passage of direct current.
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What the Audio Power Amplifier Does

Your next job with radio receivers will be to review an audio power ampli-
fier. You need an audio power amplifier in your receiver because you will
want to pick up stations and hear them in a loudspeaker. Loudspeakers have
to push the air and make it move in order to produce sounds.

A loudspeaker converts electrical power into sound power. To supply the
loudspeaker with sufficient power, an audio power amplifier is put in as
the last stage of a receiver.

Like the RF amplifier, you will find an audio power amplifier in just about
every receiver you will repair or operate. Here is a chance to add another
building block to your know-how on receivers.

PHYSICAL
POWER

—




TRF RECEIVERS—AUDIO AMPLIFIER STAGE

AF Amplifier Tone Control Circuits

The tone or pitch of a complex sound depends upon whether there is
a greater proportion of high frequency or low frequency waves in the
sound. In other words, a high-pitched sound has more high frequency
sound waves, while a low-pitched sound consists mainly of low fre-
quency sound waves.

The sound emitted by a radio receiver may differ considerably from the
original sound applied to the transmitter. The main reason for this is that
audio amplifiers do not amplify all the frequencies by the same amount,
and loudspeakers do not respond equally well to all frequencies.

Other causes of distortion are static and tube noises which generally are
high audio frequencies of a random nature. To prevent the annoying in-
terference from static and noise, and to provide a deeper bass effect
which most radio listeners seem to prefer, many radio receivers employ
some means of tone control. This is accomplished by eliminating some
of the higher frequencies—shunting them to ground or bypassing them
around the output transformer.

A METHOD OF TONE CONTROL IN AUDIO AMPLIFIERS

You will note that the capacitor in the plate circuit offers a relatively easy
path for the higher audio frequencies, while the lower audio frequencies
encounter a path of less opposition by traveling through the primary coil

of the transformer. In this way, the amount of high frequency sound reach-
ing the loudspeaker is considerably reduced. The variable resistor acts
as a means of tone control. If the resistance is made very high, the path
through the capacitor to ground becomes one which offers high opposition
to the passage of high frequency as well as low frequency signals. As a
result less high frequency current flows through the bypass capacitor and
there is a rise in the pitch of the sound coming out of the loudspeaker.
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AF Amplifier Volume Control

You have previously been given a descripticn of one method of controlling
the volume of a receiver. This method involved varying the bias of the
RF amplifier stage. There is another commonly used method of volume
control lnvolving the detector and AF amplifier stages.

AF
v+ AMFLIFIER
)
Diode -
. .
To
Loudspeaker
25MFD
17K
-
v g+

DETECTOR-OUTPUT VOLUME CONTROL

Notice that the detector is coupled to the AF amplifier by means of re-
sistance-capacity coupling circuit. The voiume control is basically a volt-
age divider, the moving arm tapping off the desired amount of signal volt-
age which is then applied, through the coupling capacitor, to the grid of the
AF amplifier. This type of volume control is frequently employed in
superhet receivers.

Some receivers employ a dual type of volume control. This control regu-
lates the gain in the first and second RF amplifier stages by varying the
cathode bias, and also controls the gain by varying the amplitude of the
input signal applied to the first AF amplifier.

2nd RF 1st AF
AMP.

1st RF
AMP.
v-1m

AMP.
r-in

T0
strEc TN

e a0 GAIN CONTROL

B+

GRID CONTROL OF RECEIVER
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Analysis of the AF Amplifier Circuit

Now stop for a few minutes
and analyze the functions of
the various component parts
of the AF power amplifier
circuit shown here. Notice
that no provision is made in
this AF amplifier stage for
volume or tone control.

The 0. 01-mfd coupling capacitor and 470K grid resistor found in the con-
trol grid circuit couple the control grid of the amplifier to the preceding
detector stage. The capacitor also reduces the possibility that any DC
voltages from the detector stage might be impressed upon the control grid
of the amplifier.

The 330-ohm resistor acts as a cathode bias resistor, while the 5-mfd
capacitor bypasses the varying component of the plate current around the
cathode resistor, thus preventing the production of a varying bias and the
accompanying reduction in amplification.

The primary of the output transformer acts as the plate load and couples
the amplifier to the loudspeaker. The .001-mfd capacitor across the pri-
mary bypasses high frequency audio signals around the primary and this
reduces the amount of high frequency sounds and noises emitted by
the loudspeaker.

Components Functions

0.01-mfd capacitor and 470K resistor Couples AF amplifier to pre-
ceding detector stage

330-ohm resistor Provides cathode bias

5-mfd capacitor Bypasses signal around cathode
bias resistor

0.001-mfd capacitor Prevents high frequency audio
signals from entering loudspeaker

Output transformer Acts as plate load and couples
amplifier to loudspeaker
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Comparison of RF and AF Amplifiers

Since most radio receivers you will encounter contain both RF and AF ampli-
fiers, you must possess a clear understanding of the differences between them
and the advantages and disadvantages of each. The following comparisons

should serve to clarify your conceptions of RF and AF amplifiers.

RF Amplifiers

1. Designed to amplify frequencies
above 20, 000 cycles.

2. Usually have tuned circuits,
thereby adding selectivity.

3. Usually coupled to other stages
by RF air-core transformers.

4. Precede the detector stage.

5. Designed for voltage amplifi-
cation.

6. I triodes are used they lack
stability and must be neutral-
ized.

7. Generally employ variable-mu
pentodes.

AF Amplifiers

Designed to amplify frequencies
between 15 cycles and 20, 000
cycles.

Untuned and do not add to selec-
tivity of set.

Coupled to other stages by AF
iron-core transformers, or by
resistance-capacity coupling.
Follow the detector stage.
Designed for power amplifica-
tion.

Very stable and not likely to os-
cillate—if triodes are used, no
neutralization is required.
Generally employ triodes, beam-
power tetrodes, and power
pentodes.

ANT.COIL
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What the Detector Does

The detector is the key circuit of the radio receiver. The primary pur-
pose of this circuit is to change the RF signal into a signal which can be
reproduced as sound by the headphones or loudspeaker. Without the de-
tector, radio reception is not possible. The simplest radio receiver con-
tains a detector, an antenna and a pair of headphones. All of the other
stages which are found in more complex receivers, such as the TRF and
superhet, have been placed there for the primary purpose of enabling the
detector to do a better job. In order to understand the purpose of the de-
tector, it is necessary to review briefly the theory of radio-telephone
transmission.

In the section on radio transmitters, it was made clear that radio-
telephone transmission requires the generation of a radio-frequency car-
rier wave. Intelligence is impressed upon this wave by varying the ampli-
tude of the carrier wave in direct proportion to the amplitude of the sound
impulses. This combination of audio-frequency waves superimposed upon
a carrier wave is known as an amplitude-modulated signal. It is this
combination of waves that is picked up by the antenna of the radio receiver.

When transmitted signals reach a receiver, the desired signal is selected
by the tuned circuit of the detector, or of the RF amplifier stage if the re-
ceiver employs such a stage. The selected signal is then rectified by a
crystal or vacuum tube rectifier in the detector. The RF component is
filtered out of the rectified signal, and the audio component is changed into
sound waves by earphones or a loudspeaker. The process of detection in-
cludes the rectification and filtering steps, and these two steps are per-
formed by the detector.

THE PROCESS OF... g yECTION

= : il‘hll “Iwi ® bl