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PREFACE

In my travols in the Fast and Far East
I have noticed one thing in common about these
countries, a desire for technical knowledge
that is frustrated because of language barriers.
In addition, most of the common technical words
have no counterpart in these languages.

This book is number ene of a series of three
books especially written to assist translation and
to give a2 type of technical assistance that will
be useful for many years to come,
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Progress today is greatly accelerated by the use of Elec-
tronics. The two most important uses of radio and electronics are:-

-

i; The use of uncensored radio news broadcast to advise the
éeople of‘woriﬁ events at the moment these events occur.
"Also.ali aspects of local problems that the majoritj of
%ﬁe’people wiil support or reject.
2. Pﬁblié safety raﬁia compunications used in all modern

police systems is desipned for the suppression-of crime,

protection of individuals and.national security.

This is written -for the reéader with limited ﬁathematical
background who is interested in studying the basic principals df‘
electricity as applieg to frequency modulated radio. As the begin-
ning of this training manual is ‘a review of previous‘studies;most ‘
detailed explanations are ommitted.- Howevef;-bésic‘iﬁems are mentioned

and if forgotten shonld be looked up in a detailed manual or explained

by your instructor..

Therefore, radio is a means of sending and receiving intelli-
gence between distant points in a fraction of-a second without the

use of wires connecting these points.

It is important to know sométhing about sound and sound waves
before studying the principles of radio as there is a direct relation

between sound and radio in radio communication,



Air in a place where no sound is made is said to be motion-
lees; If a sound is made it sets the air in motlon at one or more
' audlo frequencles and tﬁese v1bratlons strlke the ear—drum and the
" ear: drum w1ll v1brate at this frequency causing the nerves to-transe
‘ mit'the sensation of thls sound to the brain, These vibrations are
eélled sound waves. Sound Waves are produced by meeﬂanical vibra-
tions of.materiel iﬁ ehe medium‘of'eir. The stfings of a violin or
tﬁe:redio'cone of a epeakér will send out sound waves, These waves
‘w111 produce dlfferent Sounds relative to the frequencles of the air
v1bratlons. The tone of sound -will vary dJrectly with the frequency
of the air vibrations set in motlon by the sound source, The audio
frequency range that can be heard by the average. human ear is 20
. cycles to 2 maximum of 20, OOO cycles. A11-people do not hear the
.cemp}ete audio range but most pepple in varying degrees, can hear
‘fnom 50 cycles to 10,000 cyeles, the human voice is within the range

- of 75 cycles to 3,000 cycles,

Au@io eeves and radio waves are Simiiar in the fact that
tﬁey ere alternating frequencies. The difference is audio frequencies
vary to produce different sounds and high_freqﬁency radioc waves are
-;conﬁrolled to 2 specific frequency (exact time interval). Varying
: audAvaaves are super, imposed on the radio wave and therefore, the

radio’waves is a carrier of audio wave. -



It should be noted that a radio-transmitter besides being
a carrier of information is a manufacturer of a specific desired

frequeﬁcy-and a transformer of current into space (free space

elections).
0
By referring to Figure 0 it is seen that an AC wave has
. completed a cycle after two alternations, one positive and one

negative., It can'aIso be seen that the maximum value in both direc~

- tions are. the- same,

Velocity of radio waves

Audio waves travél at approximately 236 meters per second
and are quickly absorbed by air, bub radio waves travel at the
‘consfant rate of 186,000 miles per second. ‘(300,006;000 meters per
‘sé;.j: It mus£ be noted, this wvelocity is regardleés of“ffeqﬁency.
Fréquency denoteé.how-many times each second the current.chanées from
a positive direction to a nepative direction as it ﬁrével; thru space

at the rate of 300,000,000 meters per. second.

Example 1., Radio waves travel at 186,000 mps. What is

- their velocity in meters per second?

Miles per second 166,000. inches per meter 39,37
Feet per mile 5,280 A '
Inches per feet 12 -

186,000 x 5,280 x 12
39637

300,000,000 per second



) -
Wave léngth dr-ahtenna length in inches above 50 megacycles

5904 % 925
Freq. in Meg.

.

£ wave in inches

Antenna length in meters

300,000 ,000. .
—2 2 = -L.wave L h in meters
Freq. in.cycles wave lengt meter

;991999 = 1 wave length in meters
Freq. in kilocycles
300
Freq. in megacycles = 1 wave length in meters

In the above saﬁéiés'jou will noﬁe‘the use of the words
- gycles, kilocycles and megacycles. These words are associated with
'ali electronics and radio as they are a means of making numbers
smailer'and easigr to handle therefore, making problems easier to
soivg;l
B 1 Cycle is 1 as explained in figure #1.

"l Kilocyele is 1,000 cycles

}.Megapyc}e is 1,000,000 cycles

_Transmitting étafions send out radic waves by the use of
alternating Quprents_gnd voltages at high frequencies, The electro-
magnetic and electrostatic fields produced by this means is called
radio waves, The-strength ard frequency of fhe radio ﬁave is depen-

dent on the power and freguency producing it ‘and it will vary directly

with the source. ‘ o e o

An (a.c.) alternating current will vary its direction abt
exact intervals and at each interval the current will go from zero

to maximum then reburn to zero.
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(Because an 2lternating cuwrrent can be readily transformed
from low to high or from high to low voltages it is possible to
gend large amounts of power at low current through wires of small
diametefa It is cheaper to transmit an alternating current over

great distances than a direct current, and for this reason it is

the type of current used in industry, offices ard homes.)

In radio receivers and transmitters, transformers are.always
2 part of the unit so as to change the voltage to the designed re-
Guirement of the equipment. These requirements are us&ally higher
and lower than the city voltage. This is accomplished by specially
designed transformers that have connections on its output for both
the low voltage and the high:voltage. To operate the tubes-used in
m~nile radio we need a high voltage as well as low voltage but **-
power availaﬁle is a battery wiich is direct current. To transiomm
this current it is necessary to.change %t to alternating current or
“interupted- direct current. A simple coil with many.windings is used
30 the instant the on-switch is closed the current starting from
zero reaches maximum very rapidly, as this occurs a ﬁagnetic field
1s dsveloped that separates the sliectric circuit ;onnéction, instantly
the magnetic field colapses allowing tﬁé electric connection to again
close., This happens many hundreds of times a second. This changing
current passing thru the primary windings of a,transformer in éulses
from zero to maxiﬁum to-zero will cause indﬁction of pulsalting current
into the secondary of the transformer. This voltage is rectified and

. Tiltered to the high voltage direct current required,



S EA !Ohms Law

The flow of electricity bhrough a-circuit inmeny ways

i

resembles the flow of water through pipes.

In-the flow of water thru pipes we are interested in 3’
things:
1, The cause of the fiow (pressire)’

2.- The rate of flow in a given time
3. The factor regulating the flow (resistance)

. 2.

The rate of flow is'controlled'by'pressure. If fﬁé pressure
is inc;eased the flow will increase, If tﬁe preésure'is.déereased
the flow will decrease, If there is no pféssure there is no floé.
The rate of flow therefore, is directly proportional to the pressure
causing it to flow. If the resistance (friction of the walls of the
pipe elbows angles etc.) is increased, the flow of water will decrease.
If the resistance is decreased the flow -of water will increase.
Therefore, the flow of water is inversly proportional to the resistance

of the pipes,

In the study of electricity we find we have three terms that
compare with the flow of water:
Blectric pressure is voltage

Rate of electric flow is current
Blectric resistance is resistance

Chms Law Formula

The electric equation found to determine the values of
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voltage current and resistance is equabion 1, current = g913a%Zn .
This is the Ohms Law formula, o ES15Tance.

Ohms law is the Foundation upon which the study of all
electronics is based. Tt is essential that this law be fully
nderstood before a sbudy of any one of the branches of electricity
is attempted. Ohms law may be stated in 3 ways (Equation 1 ~ shown

above) Equation 2 - Volbage -~ current x resistance, Equation 3 -
Voltage

T l =
851st§nce‘ ourrent

The following conclusions can be esbablished from a study of

these three equations,

No. 1. - The current will increase if g voltage applied is
inereased or the resistance i1s decreased, and will decrease

if the woltage is decreased or the resistance is increased.

No. 2,-~ Higher voltage is .required %o force a larger current
through a fixed resistance or to force a fixed amount of
curr;nt through a higher resistance and‘a lower voltage is
‘required if ‘a smaller current is desi;ed or if less resistance

is used,

No. 3¢ - The value of any resistance will increase if the
voltage applied is increased or the current is decreased,
and the resistance will decrease if the voltage is decreased

or the carrent is inereased.



Fundamental Electrical Units

In every scilentific subject there are definite units of
measurement, It 1s necessary.that we know these units in order to
predetermine how a condition will change when any quantity of which

]

it is made-is vari§d..

- . - c
P . S e .ot . . .

' -
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~'t. . -

In electrical work certain units have been adopted as -
standard by allcountries of the world. As electricity and radio
are both-branches of the field of electronics the units used in

electricity and radio are the same.

As cu;rent is the flow of elecfrons a brief explanation is
necessary. A combination of protons ana eléctrons are called an
atom. All material is made up of éioms. The -difference in material
lies solely in-t.he arraﬁgement of é.ts pz.'-otons and electrons but all
electrons are the séme Whether,from an atom.of copper, aluminum,
or carbon. Thg‘difference‘or the reason these materiais are dif-
ferent is an atom of copper has 6l protons, 35 fixed electrons and
-29 orbital or free electrons, an atom of aluminum has 27 protons,
1 fixed electrons and 13 orbital electrons, carbon has 12 protons,
"6 fixed and 6 free or orbital electrons. Scientist have learned that
the center of an atoﬁ, called the nucleus, is positively charged and
the electfoﬁs neéatively chargeé orbit around the nucleus much the
same as the earth and other planets orbit around the sun. In an
ordinary conductor most of the electrons are revolving about their

nuclei and seme=the. orbital or free elecirons are moving in their loose



orbit, If this conductor were part of an glectrical circuit, the
free electrons would be atiracted to the positive charged connection
and the power source negative connection would furniéh glectrons
thru this™ conductor to keép the eleétrons in balance. If the posi-
tive volbtage was increased without increasing the size of conductor
or wire, the wire or conductor would become hot. If the voltage‘was

: increased still more the conductor or wire would burn up.
Ampere

The effect produced by the flow‘of electrons through a
conductor are all dependant on'§P§ amount flowing per unit time
and not on the total amount of flow. For example, a quantity of
electrons (several billions) may raise the temperature of a con- .
ductor 10 degrees if it flowed through the conductor for one second.
If this same amount tock one hour to flow through the same conductor
the heat produced would total the same but the instapt increase in
temperature would be slight, as the same heat is spread over one
hour, the instantaneous amount would be wvery smal}. It is therefore
necessary- to know the rate of flow rather than the amount of flow. .
As the mumber ‘of electrons fléwing for one second (6,280, 000,000,
000,000,000) is a large and unwieldly number so it is not used to
denote the quentity of current per unit time. A practical unit has
been es#ablished to denote this amount of electrons passing a given
point per secorid. This large amount of electrons is shown on all

meters as 1 and is called ampere.
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e e The Volt

a

' Tt has been shown that the free electrons in a condustor can
be made to flow in a definite direction By'éﬁilyiné a positive chafge

to one end of a conductor. This positive charge exerts a forece on

" " the electron and draws them %o it, An electric force exists bew

-

tween ahy two bodies having different polarities of charge and this
is called electromotive force, which is generally abbreviated as
EMF, The practical unit of EMF is VOLT. Through common usage EMP

is referred to as Voltage.

o~ -
Fal

The Chm

Certain materials has many free electrons and allow these
free electroﬁs to travel through it more easily, these meterials are
called Gonductors; A1l materiai has varying amounts of resistance
to the flow of current and can be measured by an Ohm-meter. This
ochmmeter is calibrated to make the mathematical caleculation based
on the fact: one ohm is the opposition offered to the flow of one
ampere under the pressure of one volt, (Inverse to conductors,
resistanée material has few f£ee electrons and is used to conbrol

the flow of current.)

Power

]

Power is the rate of doing work per unit time, Therefore,

Work done

or one watt =
time

we can express boﬁer by this formula powér =

1 volt x 1 ampere,
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Electric symbols of resistance,” volts and amperes (R, B
and I) are used to determine power. The proper combination of

these symbols to make the proper formulas are:
r= on =1 EC _
ET = W, IR = W, ?F.-'w

Example 1

If the final amplifier of a transmitbter has one ampere
flowing in the plate circuit and a pressure of 1000 volis,
what is the apparent power in watts?

ExI=P 1000 x 1 = 1000 watt apparent power

Fxample 2
What power is consumed by a circult whose resistance is 80
ohms and has a current of 1.5 ampere?

I°xR=W 1,5x 1.5 % 80 = 180 watts

Example 3
What power is used by a circuit that has a resistance of
75 ohms and is connechted to 15 volbs?

E2 = Watts 15 x :-]-5 = 3x 15 = 3 Watts

R 75 _ 15

Energy

Energy is the capacity to do work. The units for energy.is
therefore the same as work. The amount of energy in the universe is
always constant, for, according to the law of conservation of energy,

it can neither be created nor destroyed but can be changed frem one
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form to another., A battery changes chemical energy to elecirical
énergy. "A generator changes mechanical energy imto electrical
energy. The energy of eleciric current will be the energy of moving

electrons.

If we have a 100 watt lamp in 2 room and no current was

flowing through its filament the lamp would not radiate light. No

work would be done, and therefore no energy would be used. If

electric current was caused to flow the lamp would radiate light

and by using the formula ¥ yoltage 220, watts 100,
. 3. - b . :

Example: %g% = ,h5ha or LSL Milliampers.

==
1000

1 M¥tliampere = L;x of- an ampere
100

1 Milldvolt - of a.volb

The prefix Kilo means 1000 and it is used to designate large

amounts of voltage and power,

1 ¥XKilovolt
1 Kilowatt

1000 volts
1000 watts

Another unit of electrical power is the horsepower: 1
horsepower = Th6 watts. The prefix Meg means one million 1,000,000
and is used to designate high resistance such as = 1 Megohm -

1,000,000 chms.
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Square Root

Previously Ohms law has been éxplained along with the formulas
-~ to-f£ind current, Voltage and Reslstance and also the power fomulas
that "are salved by the same simple mathematics, Now we will take up
the two remaining power formulas that are +solved by thé use of square
root,

1. /WR =.,'3f_olioage (V)

2. =/_% = Current (I)

The process of deriving the squa.re root can best be explained
by work:n.ng an example. Clven the power and res:n.stance we must find

o

'bhe voltage as in the number l for'mula above we i‘:l_nd that the power
an; ];'951stance multlplled toge‘t.her we get the sum of 52805.3670,
From this figure we must extract _'b he square roob which will be the
vol‘t.ag‘e. o '

~

E = 52805.3670 o
1.' Se:t -dcvwn the number ;'md —dj.vi,de ,'the digits on each
side of the decimal peoint into groups of two; start at the
dedimal point and-work boward the left 'snd then again from
the decimal point and work toward the right. It is possible
~for the extreme left to have only one ;iigit. If the extreme

right group contains only one digit a zero is added so it will

‘have two cfigits .

The number /528C5,367
2

Example: /5-28-05,36-70°
b

/T
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~ 2, Find the largest number when multiplied by itself
will go into the first group., In this example the group is ‘
5 and thé iargest number that can be used is 2, We now write
the 2 above the 5. Next double the root number 2 and place
it .ulllder -jche 5. TIts value is li. Then substract the L from

the 5 leaving a value of 1.

2 a
Fxample b - /5-28—05.36—&'0

)ia/128.

3. Now bring the next group of numbers down along side
the remainder and draw a separation mark to the left of the
128, (Example b), Double that part of the square root
already f¥ound and also place this number at the right of the
128 in the separator, - This number placed in position as in
example b, when multiplied by the combination (La‘x a) that
will give the largest number that will go in‘;o the remainder
which is 128,

2 2
Example ¢ - /5-28-05,36-70
. N

L2/128
Bl
_/hb 8.
- ‘This step is done by the trial and error method. By
wr i trying 3 we find L3'x 3 is 129 which is too large so we know
we must use two. 2 x L2 is 8} and by looking at example ¢

we see a remainder of Lb.



5. Now we must bring down the next group (05) beside

the remainder L) and r epeat the procedures as in example d,

2 2 9.7 9 =T7Voltage
Example 4 - /5-28-0_5.__3_6-70

L2/128
— 8L

bhi9/ LLO5
hohl
L5587/ 36136
32109
Leohe/™ 132770
133541
/T 19229

Double the rcot already foendand £ind the largest

‘ multiplier that can be used. Continue until all numbers

are filled ebove each group in the or:iginal numbers.,

‘6, Notice that the-decimal point in the Toot is placed

exactly above the decimal point in the original numbersz

7. 'Should any of the divisors be oo iarge to go into the

remainder?_ a :zero is bla;ced in the root above thaﬁ_groﬁp and
the next pair of numbers br‘ought down. If it is desired to °
have more digits to the right of the decimal in the problems ~

answer ‘one-or more pairs of digits can be added. -

~
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" What is Frequency Modulation

Today almost all mobile two~way radio equipment uses f.requency
modulation rather than amplitude modulation. Therefore, if we are to
think intelligently about th é_ cperation of present-day two way communi-
cation equipment we must tﬂc’if‘qﬁ'ghly_ u;derstand what is meant by fre-
quency modulation - abbreviated F.M. The FM receiver is remarkably free
from noise and adjacent sitation interference. Also the ’FM transmitter

-

" 1s more efficient in that it requires less power input for a given coverage

than those used in AM (amplitude modulation),

FM is not particularly new. Not many years have passed, how-
t_aver,.‘sj;nce At was fi_;'st put to practical use. In.1939 the first
_ successful state—r-::i.dé mobile ¥M syst',e—m was designed for the Connecticut
State f;.CJl;i:ce; - Since then frequency modulation has been'accepted uni-

.~

versally as the ‘best modulation methed for mobile two-way ccmmunications

systems, ) T T

e}

Todays, widespread use of FM demand that you , the technician,
think in terms of FM as readily as yoﬁ’ do in AM.* One of the best ways
to approach FM is to compare it to AM. Let us start with a quick review -

of MM and see how the two differ.

Amplitude Modulation

In any basic radio communications system consisting of trans-~

mitter and receiver, the transmitter produces and radiates a signal in
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the nature of high-frequency electromagnetic energy,

The receiver must select the desired signal and reproduce the
message in its original form. Because 101" frequeﬁ;y audio :cannot be
radiated efficiently, a high freguency waves, callet.i the radio frequency
(R.F.) is used to carry the message to the receiver. That is the audio
freguency is ccmbined wij;h this RF carrier; and in this manner the

message reaches the receiver as part 'of ‘the radiated sigmal. This

precess of combining the audio with the carrier is called modulation.

In modulating the caﬂrriex" it is possible to alter the frequency

or the amplitude.

-

It is also possible to *alter phase of the carrier but as the
M receiver receives it the same as #M we will discuss it later, If

the audio causes amplitude changes in the transmitted RF the system is

" known as Uamplitude modulation'. If the audio signal causes correspond-

]ing frequency changes in the transmitted RF, the process is called

freguen cj modulation®,

The function of the receiver, whether AM or FM is to recover
the original audio message from the carrier and reproduce it in the

speaker.

Figure one is the block diagram of a simple AM transmitter.

The RF carrier, generated in the oscillator stage, is constant in both
frequency ard amplitude. This RF carrier (represented by closely spated
-fara.ves) is ajnplified in the power amplifier and fed to the antenna, and

then radiated into space, Somebhing has happened however, to the steady
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2

» 4. . ' T e el

RF amplit.ude'in the power amplifier stage, modulation has taken place.
An sudio voltage applied to the power amplifier a2t the same time as
the'RF has changed (modulated) the HF amplitude according to the

amplitude of the-audio signazl. -Lets see how this happens.

_When sound-wave's strike_ the microphone diaphragm th:ey ‘are
chan‘ged into correspo;ldiﬁg .audio voltagos. These low frequency mike
voltages are constantly changn.ng both in amplitude and in frequency.
This audio wltage is then applied to an audio amplifier (or modulator)
where it is amplified to the level to properly modulate the power
amplifier. Thus, there are two voltages applied at'the same time to
the po;wer amplifier. One of them is a steady RF from the ascillator,
the other 15 the aud:x.o (modulatlng) 51gnal f:r-om the audlo amplifier,
Al’t-hough the PA opera‘bes as an RF ampl:l.fler, its out.put is made to
vary accorda.ng to the amplltude of the audlo s:.gnal. The andio signal

is a low frequency alternatlng voltage. The p051t1ve half‘ cycle in-
creases the RF output the negative half—cycle roduces the amplltude
of the output. This means the amplitude of the RF output changes in
exact accordance with-the audio signal, while the frequency of the

earrier remains unchdnged, but the RF amplitude varies 'with the

spoken message. s e

Amplitude Modulation

Compared to the AM system, the FM system makes more efficient
use of the power taken from the primary power source, (The car battery

in the mobile), The power output of the AM transmitter increases
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under modul ation, tc the extent tha-t tﬂe power level at the peaks may
be 4 times the power of the unmodulated wave. This means the level of
the ummodulated carrier must be lower than the capabilities of the
final 6ﬁ‘l§pu3f,' tube, Also because of the thigh c.rrent and voltage peaks
the power supply and transmitter are bulky, hedvy and costly.' By
comparison the FM transmitter operates at fullvpower output at all
times, its output_ power does not change with mcdulation., This gr'e.ater
RF power level means increased coverage for the same amocunt of power
taken from the source. Also the FM transmitter is smaller lighter and

more ecopnomical to build,

The AM Receiver

The desired HF Carxier reaches the antemna of the AM recelver
(figure 1) together with ;:arriers from other transmitters. The first
action within the Ireceiver ;i.s selection of the desired carrier firom
all the others:. « Because this RF voltage at. the antemma is very weak
it must be amplified.. Fi-gure ;)ne shows only one block diagram for
. the receiver RF Arupiifier: , but in the Communications receiver there
may be more than one h:r.gh gain stage, From the BF Amplifier this- -
signal is apglied to tﬁe detector, a device that reacts to amplitude
changes. OSince the amplitu&e of the RF wave is changing according to
the spoken message at the transmitbter, the detéctor output is an audio
voltage corresponding to the audio wave f o}m_ produced at the trans-
.mitter ;uicrophon‘e. This signal is then applied to an audio §'bage B

which amplifies 1t enough to reproduce the message in the speaker.,
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.ITl cc;nﬁection with ‘the detector!s res:ponse to the amplitude

jﬁlvariations, We_éhouid talk briefly about the noise voltages in the
}eceivef itsélf.‘ Alﬁost all of these noise voltages are amplitude

“variations. Therefore,‘noise voltages reaching the AM detector will
be heard in the spéakef. These noilse voltéges may be (1) man made
(2) natural noises from atmospheric diétuébances (3) they may be

génerated within the receiver itself, We will study more about noise

in a later session.

Figure 2 shows a very simple arrangement of a very simple type
of FM transmitter. The ascilliator serves the same purpose in the ¥M
transmitter as it does:inftﬁéiﬁm_transﬁitter, to generate the RF
voltage of constant amplitude and frequency. There is-a big differ-
ence, howsver, when an audio voltage is introduced. In an AM system
the audio produces amplitude variations in the carrier, in an FM
system the audio frequency produces frequency variations., Lets see
how this happens. TFigure 2 shows a simple bscillator with its fre-
quency determined a}mogt entirely by its inductance and capacitance of
the tank circuit, (L and C). . A condenser microphone is connected in
parallel with the tank so it becomes a part of the total capacitance

of the tuned circuit. -

This type microphone‘is constructed of 2 mctal plates, slightly
.éeﬁérated from each other, forming a small capacitance. One plate is
Fixed the other is moveable. The moveable plate is the mike diaphragm,

When it is moved back and forth by the sound waves, the space between
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the two plates varies, and the capacitance in parallel with the tuned

circuit alters the total capacitance changing the oscillator frequency.

As the diaphrapm moves closer to the stationary plate, the
capacitance increases and the frequency decreases, When dilaphragm
moves away from the other plate the capacitance decreases- &nd the

fregquency increases, Thus as the diaphragm continues to move back

and forth a auvdio freguency modulated signal is prcduced.

Figure 2 shows the waveform of this FM signal in the oscillator
plate circuit. The carrier frequency vaq}es with the audio, but the
amplitude remains constant. At certain points the waves are close
together, representing & relatively high frequency. At otﬁer ﬁoints
the waves are further apart, representing a lower freguency. Tﬁe
plate circuit is tuned to the unmodulated oscillator frequency. The

FM signal is coupled from the plate to the transmitting .antenna,

Very little audio power is required in the FM transmitter
idiustrated in figure 2, This is another important characteristic
of frequency modulation, Regardless of the totai RF power output,
only a small amount of audioc modulating power is needed in an FM

transnitter,

Extent of Frequenéy Change

“Yhile discussing freguency variation of the RF carrier,
nothing has been said so far as to what exbtent the RF signal varies

above and below.the carrier frequency, nor has anything been said as
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to how often or at what-rate the frequency changes., These factors are

important and we must know how they are controlled by the audio signal.

Figure 3A shows a typical FIf waveform which represents the
output of the FM transmitter of figure 2. From the beginning of the
waveform to "point 1! the FM frequency is constant, This is an un-
*modulated R.F. wave. Then it is modulated between 1 and 2, the RF
increases in frequency - the waves are closer to-gether, (At 2 the RF
_reaches its highest frequency.) Between 2 and 3 it is returning to
iég average or ummodulated freguency. From 3 %o point-h the carrier
5Wings belo% its average frequency, the lowest value occurrlng at

p01nt L. At p01nt 5 the RF has again returned to its normal unmodu=-

lated value, endlng a complete FM cycle.

Now that we have seen the nature of the frequency modulated
wave of figure 3A, lets inspect the audio voltage which is shown as
the sine wave in figure 3A, Up to point 1 in the figure the audio
voltage has zero amplitude and the corresponding RF voltage at that
point is unmodulatea Between 1 and 3 the audic goes through a p051~
tive alternatlon, durlng thls same perlod the RF frequency increases
and.returns to normal. Ab p01nt 2 where the audio is maximum positive,
the RF has its greatest frequenqy'increase. Between 3'and 5 the audio
changes polarity, so that it isiggg;qggative. The RF frequency bew
tween points 3 and 5 again varies but in the opposite "direction",
that is it swings below its averagé frequency. From the audio sine
wave in flgure‘B A we see that every tlme the audlo goes positive the

RF frequency increases, every tlme the audlo is negative, the frequency

decreases.,
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The next question‘to %onsider isEthe effect of:appiyipg a
stronger aud;ogéiéﬁal -~ (talking loudgr ﬁn thelnicrophbﬁe.)'fLets
. assume someo definate‘valﬁe ofrfreduency change in figure 3A RF wave-
form. BSuppose in 34 the frequencylin;reases 500 cycles'per second
above and. decreases 500 cycles below the unmodulated frequency. In a
well designed system the modulation will vary twice as much or 1000
cycles per second above the unmodulated RF and 1000 cycleg*?elow the
ave;ége EF value. By talking louder or amplifying the audio voltage
we ﬁilllhéve more frequency change in the EF_carriérﬁ. A weak aﬁdio

- input dees nol cause as much frequency change as a strong one.,

Rate of freguency change

5

Now that we know what determiﬁeg_the AMOUNT of carrier shift,
the next problem is to consider the rat;nat which these frequency
changes occur. - (Stated as the number of c¢hanges per second) we can
determine the answer by figures L and 5; The sine wave in the middle
of figure L shows the awdio voltage producing the freéuency change in
the RF wave.form,- Aésﬁmé the.frequehcy of this audio wave is 1000 cycles
a second. (CPS). Ev&éy'time the audio goes positive the frequency in-
creases and_every'timé tﬁe audio goes: negative the ffequgncy decreases.
If the audio has a 1060 c§£ies a second change the‘Rf @i}l change fre=
quency, above and below avefage‘lOQbﬁtimes.: From éhi;"wé 1§arn that
the audio frequency'confrois the;rate of changezbf the RF, Lets see

Sf this holds true, in figure b we assumed the audio to be 1000 cycles

per second. In figure 5 we must have a lower audio frequency because

Y
.
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it is ioﬁge}'fér the ssme amount 6f time as shown on the time
line., If oﬁe éycle took 2 times as much time fpr—completionvof:
the-cycle, fhe frequency would be one half &r about 500 cycles.
Therefofe;‘in an M systeﬁj the freduency of the audio controls

the rate éf chinge of the carrier frequency: -

Deviation

‘Thus far in talking about FM and f requency changes we
have aveidsd a few terms cemmonly used by engineers and technicians..
Oné‘nften ﬁsed term is "Cenbar frequency'. This is the mid fre-
quency of the FI{ wave and corresponds to the unmodulated carrier,
In figure 3 up o point 1 the BF is ab its wmodulabed frequency,
and this is tﬁe cénter frequency. At point’ 3 and 5 the RF is again

momentarily at center frequency.’

"Deviation! is another frequéntly used term, This refers
te the amount of frequency change higher and lower than the center
frequency. In analyzing the frequenc& changes taking place we
.assumed 1000 cyclss above.énd below_;enter freéuency, The devia-
tion then is 1000 cycles. We usually write this'+ 1006 cyclest,
and say, "the deviation is plus and minusllGOO cycles", 1In
practice the deviation of the average FM-transmission is g;cater
then 1000 cycles and is expressed in term§ of kilccycleé.-‘Wb
might expect to see + 15 kilncycles, (KG) Note that the deviation
bandwidth for a 15 KC deviation is 3C KC, this‘is the total fre-
quency swing from 15 KC below center frequency tc 1% KC above

center frequency 15 + 15 = 30 XC.
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'Quick.Review ~ What Have We Learned?

i, In the ™M transmitter audio ﬁédulatiqn causes the

frequency but not the amplitude to-change.

. 2+ This ‘change of carrier frequency above and below

‘center frequency is known as deviation.

“h

3. The amount of deviatitn is controlled by the strength

(amplitude) of the audio signal.

ke The rate of change or number of deviationb.pér

second is determined by the frequency of the audios

. £

‘5 Deviation is expressed as + XC. '

6. Deviation bandwidth is the total swing and is twice

the stated deviation. (Example + i3 KC is 3C KC bandwidth.)

hl H

The FM Receiver

We have seen how an FM signal is generated and we know
that the audéo message is contained in the carrier deviations,
In order to complete our system using frequency modulation,-we
now reguire a receiver which will recover the audio signal from

the TM wave.

o™

The fundamental difference is in the @ype:cf-deteb%or.
The AM receiver has a detector that responds tg. amplitude chéﬁges.
The detector in the FM Yeceiver must be sensitive To frequency

changes.
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Figure 6 is a partial block diagram and simplified circuit of

an ¥M Receiver, 'The-incoming gignal is an FM carrier and it is
transferred from theﬂAq}enna to the RF Amplifiers. The cperation
of the FF Amplifiers in the FM receiver is the same as in the

AM receiver. From the RF section the amplified sigpmal is

coupled to the Fif detector by means of a transformer” that hag a
tuned primary and two tuned secondariesi The primary is tuned

to the center frequancy but the secondaries are tuned to frequeneies
above and below center frequenpy respectively1 %ﬁsuming a center
frequency nf 455 KC, secondary S1 may be tuned to L75 KC, which
is ZO'KG above center fréquency, in which éase o2 will be tumed
%o U35 KC which is 20 KC below center freguency. A load resistor
Rl in series with a diode rectifier Dl is connected‘to secondary-
51. During the positive altermation of the applied R¥ voltage,
dicde Il coﬁducts current in thé direction shown by the arrows.
This éurrent produceé a vnltége across RE wﬁich i1s approximately
equal to thé BF voltage in the 31 secondary. The FF filter capa-
citor across R1 maintains ﬁﬁ; resiétor voltage at & TC value,
Thus an incoming signal produces a voltage across R1 having the
‘polarity indicated in fiéure 6 and an amplitude éetermined by the

applied voltage.

Secondary circuit 32 is identical- t¢ 81 and cperates in
the same manner, the RF in the secondary being rectified to a DG
'.voltage across B2, The two seccndary circuits, hewever, operate

independantely of each nther the only common connection is at the



- 27 -

resistors, © As concerning the autput, the VQiﬁage-oﬁ]Rl and

D

R2 are in series with .each other but have oppnsing pelarities.
The‘ouﬁput will thep«be the differences. of these rolbtages -_Figure
7. shows what heppens when an FM signal is applied to the circuit,
Figure TA indicates that when the center frequency of LI5S XC is

present, the voltage of Rl and R2 are equai in value., This is

true because the secondaries are ¢ rescnance by the same amount

and the resulbting veltage in the secondaries are equal. The

output terminals A and B are at the same charge or pnténtial}
=0

. . - . X _
Since voltage is the difference between two charges or potentiais,
. . - .

the voltage across A and B is zerol (4 voltmeter cornected
Bl *

across A and B of figure 7A wuuld record zero'vgltage,) Thus
for the FM detector zero guiput voltage occurs when thé'applie&
signal is ab ceﬁter frequénqy. The next step iz to determine
what happens when the signal varies sbove and Selow center

. frequency. A

i |
When the incoming signal swings above cenber freduency

(we call this positi;e deviation), the ffequency is highér than
455 KC and the tuned circuit of Sl is hearer to being in résénance
with tﬂé incoming sigpal. Being nearer to resohaﬁbe, the R.F,
voltage in the tuned circuit increases and the resulting voltage

¢« agross Rl must alsc dncrease. - At the same_ time, the }uned circuit
" of R2 is further from resonance so the FF voltage of S2 decreases.

This results in less voltage acrposs R2.. In figurs 7B we have

9 assumed the volbtage of Rl increases to 6 volts while that of RZ
’ v P |
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decreases to 1} volts. The differernce between a and b is now 2

‘volts and a is positive with respect to b. Thus, when an in~

coming signal is above cemter frequency (positive deviation) the

FM detector produces a positive output voliage.

When the inceming signal swings below center frequency

[}

(negative deviation) the ¢Qndition of figure Te occurs. At a

frequency below center, 52 is nearer to resonance and produces

.the larger voltage. This time at R2. Secondary S1, on the

™

other hand is further from resonance and its output voltage
decreases. As assumed in figure Tc, the voltage across RE2 in-
creases to 6 volts while‘the voltage across Rl decreases to I
volts, Again there is a difference-of 2 volts between a and b
but a is now negative in respect to b so tﬁg eff'ective voltage is

minus 2 volts,

To summarize, whenever the signal is at center frequenéy
ths output is zerw, During a positive deviation -of the signal
the cutpul becomes positive but for-a negative deviation the
output swings negatiye. Thuq)tpe FM detector is a device that

converts frequency variations into changes of voltage,

-

% the FM transmitter the andio amplitude determines the
amount of deviation while the ‘fréquency of this audio determines
the rate of deviation. At the receiver this process must be re-

versed. That is thé amount of deviation fram the center that

should determine the audio‘émplitude.“ (Amount of output auvdio
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voltage.) While the rate. of deviation should determine the
audio fréquency, Lets see how this happensi. .

The amount of output veltage of figure 6 depends upon
the difference, or the unbalance of voltages acrgss Rl and R2.

v f n

The resistor veltage depends upon the amount of’'RF voltage in

Al

the secon&ariese_ The secondary voltages, in turn on how near
‘;the circuits are to being resonant with tﬁe inconing signals.,
For highef’deviation the frequencyfis éloéér‘to resonance in one
secondary and further from resonance in the othér. This results

in a greater differencer in the resistor voltagés and a higher

voltage at the subpul terminals,

Thus, the higher the deviation, the higher the output
voltage. This satisfies our first re:uirement. .The AMOUNT of
deviation determines the amount of output voltase, (audioc ampli-

tude).

Our second req:qiremen‘t is that the RATE of deviation
determines the'fgequency of .the ogtput.valtage. Every time the
signal deviates froem above cenbter frequency to below center, the
cufput changes from pesitive to negative, and vice cersa, The
detector output thus changes polarity at the same rate that the
frecuency swings above-and:below tenter. . Now we can see the re-

covered audio is exectly the same as the original audio that created

the rate of deviation of the FM signal, -
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As we progress other differences between the FM receiver
will be discussed. "For'this assigrment hawever, the basic
difference is in the type of detector used, The circuit in

¥ -
figure 6 1is not msed in present day receivers because.there are

a
several refinements introduced. This circuitfdoes serve best
to explain the priﬁciples involved in FM detection, Cemmunica-
bions type FM receivers usually dincerporate a eircuit known as
a tdiscriminator® for FM detection. As we shall gee later the

E)

action is similar to that shown in figure 6.

. At the begimming of this lesson we said one purpese of
the assignment was to determine what is meant by ¥M, In addition,
‘we-indicated. certain inherant advantages of FMM. These advantages

will now be discussed.

Y

FM is more interference free

Almest all noise energy is characterized by its irregular

( - -
amplitude variations. In the AM system the detector is designed

to respond to ampiitude'vériamions;a Little can be dene at the

detector to eliminate noise without- sacyificing the desired signal

modﬁlétiéﬁ. Altﬁough circdits have speen. devised which seemingly
distinguish‘the"sharp peakéd noise Mateforms‘from'phe more even

Wavéfofms of the Spoken message. -These.circuits, at pést, leave
alo£ to be de;ired and are only partially ;ffective. Other types

of amplitude limiting of* neise pu}ses"are successful to some extent

but under adverse conditions the results are poor.
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.M. receivers incorporate ;pecial circuits known as
l“lﬁniters" which drasticgl;y reduce or eliminate amplitude varia-
tioﬁsn' This does not affect the avdio messagé for infreéuency
modulation all of the intelligence is coqtained' & within the
fraqueﬁcy deviations. Eliminating amplitude changes has no
effect nn frequency deviations. Thus the M receiver by means

»f the limiter circuits, is free from almost all noise interfer-

ence, this ie prcbably the most cutstanding advantage of FM,
3

FM signals are less sensitive to interference from other

signfls,” For an AM system, a d651red sigual mast be at least 50

to 100 tinmes stronger than an 1nterfer1ng 51gnal to over-ride
Phe lattkr to the point where it causes no trouble, UHor an FM
system however, interference free operation is often maintained

. With a ratio as low as 2 to 1.

v The FM Transmitter ig Efficient

The FM Lransmitter is more efficient than the AM trans-

mitter. If a power tube has a rating of €0 watts the entire

60 watts can be utilized as‘carrier tqwer in M, The FM power,
you will recall does not increase ﬁith modulation, The FM
transmitter may work at maximun power at a%l times, In an AM
system u51ng the same tube, 20 watts m&st be reserved for audio
modulatlon 1eav1ng only hO'watts for EF carrier powers, The AM
transmitter is only LC watts but the FM tramsmitter is 60 watts.

Also where battery power is at 2 premium in mobile service, the
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ability to use all the power for the carrier mean s greater cover-

~

age. Furthermore, the additional pawer requlred to aperate the

' higher power audio ‘stages in AM is nAt required,in EMI

Impérbant Words,

e
.

" AM Detector: A demodulator incorporated in an AM

receiver which recovers the de51red 1nte111gence from the ampli-

L]

tude varlatlons of the AM Carrler.

Amplitude Modulation: A system of-nndulating the RF

carrier, whereby the amplitu&e of the radiated signal is made to

vary in accordance with the.modulating voltage, but the carrier

frequency remains constant,

Carrier: RF energy of.a spetific frequency generated
at the transmitter and radlated into spaeeu The carrier whea

modulated, serves to” transport thé 1nte111gence to the receivers.

Center Frequency: The term applled to the “average

.

carrier frequency" of an rF wave. This center freqnenqy 15
evident when the FM wave is undlsturbed (in the absence of modu-
. . S| s

lation),
Deviation: Frequency changes of the FM carrier, resulbing

from modulation. Peviation is expressed as the extent of fre-

quenqy'change from the center frequency.
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Deviation Bandwidbh: The total frequency SW:';.ng cf the

modulated FM wave, Numerically deviation bandwidth is esqual

. to twice the stated deviation.

Electromagnetic wave:; Radiant electric energy, such

as that radiated from a transmifter antehna, 8lectromaghetic
energy consists of an electric field and a magnetic field, both
~f which are essential for continued propagation of the wave,
Light and heat are othe£ examples of electromagnetic energy - -

the difference, (radio energy, light energy) is in the wavelenght.

-FM Detector: (Discriminator) A demodulator incorporated

in an FM receiver, which recevers the desired intellignece from
the deviations of the FM carrier. This is accomplished by con--

Terting the frequency variations into an audio voltage.

Frequency Modulation: A system of modulating the RF

carrier, whereby the frequency of the carrier is made tc vary
in accerdance with the nodulating véltage; but the carrier ampli-

tude remains cornstant.

Block Diagram Analysis

F

As we continue we will make use of several block diagrams
of the commumications receiver, We shall determine the purpose
of each stage within the receiver and learn how each stage must

function., After this, we shall be prepared to study the indivi-

dual sections of the receiver., We will now confine ourselves with
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the single questlon, "what heppens"? The answer to "How is this
accomplished"? will be %aken up_la£é:n‘tln phié1begiﬁning.§tudies
power supply considerations will be obmitted as they will be
taken up separately. This permits simpler diagrams, sn that
your attention can be confined to the particular circuit under

-

discussion.

Receiver requirements -~ The "Superhetrodyne

In rrder to provide interference - free <peration a
receiver must have three characteristics., Selectivity, sensi-

tivity and fidelity-.

Selectivity is the abilityﬁnf a recelver to separate the
desired signal from 211 others. The avefage receiver antenna
may intercept hundreds of radio WE!J.TGS; each producing a voltage
at its own frequency. nAl.'L these RF voltages are transferred from
the antemna to the receiver input .:e;nd i%: bec'omes necessary tn
select the desired signal, rejecting all others, before any of
these signals reach the detectnr.- This is not accomplished in a
single stage or in one circuit only. Many tuned circuits are
required for this purpose, They all proceed the detector and

they all have the same ultimate function, to select the desired

signal.

Receiver sencitivity depends primarily upon the ga:in of
the amplifier stages. Amplification alone, however, is not enough.

When the received signal is very weak, it must undergo considerable
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amplification if the message is to be reprodﬁced in the speaker
with sufficient volume, Im such cases it may be diffichlt or
even impossible to hear the message because of noise interference
from other stations., Sensitivity then, also depends upon the
receivers selectivity and its ability to minimize noise., The
true sensitivity of a receiver must be stated in terms of the
weakest signal that can be applied at the input £0 produce a sat-
isfactory output at the speaker., Fideli%? in any receiver is

its ability to reproduce a méssage which is free from noise,
interference and distortion. (Any type of interference present

in the output must be considered as a form of distortion.)

Because the superhetrodyne receiver exhibits excellent
selectivity as well as sensitiviby, most of the receivers today
are of this type. In the superhetrodyne receiver incoming RF
signals are converted to a lower freguency by means of a mizer,

The mixer for this reason is sometimes called a "frequency con-
verter!!. This lower frequency signal (still RF but called the
Uintermediate freguency of 1F") is always the same for a given
superhetrodyne. Let us, then, firsv review the operation of the
familiar AM broadecast receiver before préceeding to the more intri-

cate PM communications type receiver.

Simple Broadcast Recelver

Figure 8 is a block diagram of a simple AM receliver

designed to operate within the broadcast band, The oscillator
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and mixer indicate that this is a superhetrodycne'. To provide

~ [

for converting the incomir_lg RF to a lower, frequency, a second RF
gignal is generated in the local oscillator stége, and this
signal combines with the RF in the mixer to produce the inter-

5] "

mediate frequency output. (IF)

Whenever two signals are combined (hetrodyned) in a
non-linear device, such as a mixer, a number‘ of new frequencies
] P
are produced, for our purpose only the "difference! frequency
is used. A frequency- of 155 kilocycles, {commonly used in broad-
cast receivers) is taken as the I¥ in figure 8. At the same

time the receiver is tuned to a statibn, the ascillator is adjusted

so that its frequency is L55.KC higher than the incoming EF.

For example, when we turn the receai.ver tuningrknob to
receiver a station, TEOTKG, two things take place at the same
instant, First, a tur;éd ‘circui'l:, between the antenna and mixer
is tuned to the stationm, '?_20 hK‘C }requency\ 8o that the maximum
:roltage from this s tition rea;:hes the mixer grid, other stations
are a.tteﬁﬁated as far as possible, Sedond, the oscillator is

ddjusted to generate a signal of 11T7S KC which is 455 XKC higher

than the’station RF (720 XC).

n L]
The RF signal of 720 KC and the o¢scillator signal of
1175 KGC are both applied to the mixer, and the difference or
IF frequency becomes available in the plate circuit. Now ; &

m2st important factor in mixing two signals is that any medulation

-
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present on éither or both of the applied signals will be present

also in the IF output waveform.

Since the @séillator waveform in this case is unmo&ulated
RF, the only moﬁulation on the IF s%gnal is the modulation of
the incoming RF.

The advantage of selectivity, sensitivity and fidelity,
which pertain to the suﬁerhetrodyne type of receiver, are the
result of converting the RF ?p this lower frequency IF signal.
Since the feceive;‘s IF stages operate at the same frequency
for all ihcoming sigqgls,_these stages have.fixed tuned circuits,
with controlieﬁ éelectivity. All desired signals receive the
same amount of amplification ana are subject to the same degree
of selectivity. The selectivity of the IF'amplifier-is much
grgater than would be Ross}ble at a highé; freguency RF level,
The problem.of feedback too, becomes simplified, anﬂ'thé I

amplifier is mere stable in operation.
e . RS
While most of the selectivity in the superhetrodyme
receiver is rea}ized in ﬁhe.If section; there must also be seme
fejeciion of unwanted signals at the RF level. Without RF

selectivity the receivef will be subject to image freguency

s T
]

respopse, . -

Besides the desired RF another frequency, - the imags

frequenby-~ can corbine with the oscillator veltage in the mixer
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stage to produce the IF frequency .»f the receiver? Thus, it is
essentlal to reject .undesirable signals before they reach the

mixer, this is RF selectivity.

For breadcast receivers where the gscillator is
always higher than the RF the image frequency will be LS55 KC
above the gscillator frequency. For higher frequency receivers
(FM) the oscillator may operate below the RF, in which case

the image frequency wili be below the RF and the ascillator.

~ As an example of image frequency for the broadcast
‘receiver, consider the previcus example where the ‘receiver is
tuned-to the station, 720 KC. With an TF of U455 XC the ascilla-
tor operates at 1175 KC. WNow suppose that a strong station in
.the vicinity of the recéiver is transmitting on a frequency of
1630 KC¢. If the signal from this transmitter reaches the mixer
stage, not having been suffibiently attenuated in the tuned RF
stage, it will hetrodyne‘(mix) with the oscillator to form a
différence in frequenqy.. The difference iﬁ frequendy is,
. 1630 XG - 1175 KC which is 455 KC so it along with both
modulations; will go.into and through the IF stages to the

speaker., -

'The_separation between the image frequency and the
RF to which the réceiver is tuned is always equal to twice
the IF frequency. Whether the image is above in frequency to

the KF or below is determined by the escillator, If the
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os:eillator is above the RF, so is the image, if the oscillator

1

is-below, the image alsc will be belowa

In the breadcast receiver the operationof 910 XC
(twice IS5 XC) for the image is satisfactory for the tuning
range of the receiver. In order to provide good image rejection

in high fregquency receivers, the image must be further separated

from the R¥. This requires the use of a higher IF frequency.

The detector f-llowing the IF amplifier stage recovers
audio s;gnaié from'tﬁé amplitude modulated I¥ signal, For AM
‘cietec:*bio‘n,~ the diode detector is t@e most practical since it
is'ecoﬁomicai and hés ;elativeiy littlé'distortion. The audié
voltage frém the detectg; is too Weék to .operate the speaker, so

an audio section is included to bring up the signal to a higher

level.

The principal requirement of the detector and audio .

stages is that ‘all distortion must Ye held %o a minimum.

The basic T receiver shown in figure 9 is mot much dif-
ferent from the arrangemeﬁt in figure 8. The Qécillgtor, mixer,
IF amplifier and audio sections are almost ident:f:é.lnbo‘l?h in purpose
and operation. The outstanding difference between the twc recei-
vers are (1) the type of detector required, and t2) the addition
of a 1imiter stagé in the FM receiver.

-
-

-
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Because FM éignals are transmitted in freguencies above
25 megacycles the tubes and circuits of the FM receiver differ
somewhat from that Sf the AM broadcast receiver just described.
Also in dfé:} go prevent ‘image frequency response the IF is -usually
10,7 megacycles instead of LSS kilncycles. The strength of the
FIJ[‘ signal reé.ching the recedver is also lgSS than in the AM
receiver,

-

‘\-’fq
Tt is therefore necessary to have two or more stages of

anplification in the TF section of the FM receiver, This addi-
tional amplification is .2lso necessary for the proper:operation

of the limiter which follows the IF amplifiérs. Before inspecting
the limiters further lets lonk briefly at.the #M detector. Most
FM communications receivers make use of the discriminator, because
of its relatively high audio ouiput, sensitivity and its fidelity.
This same discriminafor however, is also affected by amplitud e
changes and its output will be noisy unless all amplitude varia-
tions hé&e'been eliminéted from its input., Thus the signal to

the discriminator must be free cf any amplitude variationg, noise
pulsétiéns in particular, Tt is the function .of the limiter to

pfovide jusﬁ such a signal,

The effect-of the limiter on the IF waveform is illu-

strated in figure 1Q.

The FM waveform 2t the left contains nct only the desired
signal, but meny amplitude variations as well; most of them

being made up by the sharp pulsations of necise voltage. 7The
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waveféxm.at the right shows the FM output from the limiter. Ib
will be noted in this output waveform that all amplitude varia~
tifns have been eliminated, The amplitude of each cycle remains

constant and the only.remaining medulations consists of the

-

frequency variations. These have not been disturbed by the
limiter., Regardless »f the strength of the incoming signal to

the limiter, the output voltage cannot exceed certain limits

)

whlch are designed into the llmltlng stage. Assumming that the

L]

iy ampllflers have sufflclent gain, ‘even the weakest 51gnal av
the antenna w1ll result in a strong input to the limiter. This

means all SJgnals reaching the dlsclmlnator are equal in amplitude,

The effectlveness of the limiter stage in reducing or ellmlnaulng
o
amplltude variations 1“rom the 2 gnal depeud directly upon the

»

strengths of the signal appl;ed to the limiter., In practice
we say strong 51gnals saturate the llmlter. This action is

con51derea more fully in a fubure lesson.

.-
1

" The.FM detector (discniminator) »f figure 9 radovers
? the audio intelligence- from the incoming frequency deviations
by converting these deviations intq corresponding voltages.

(The action is much the same as for thé FM detector, figure 6,)

- [

The discriminator auwdio oﬁtput'ig then amplified in the

audio section of the receiver and the message is reprcduced in

r
- ~

the speaker, )
-~ e
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FM Communications- receiver "2 The Touble Superhetrodyne

FM was first used in the 30-L0 megacycle range.and it

took many years of resedréh before FM was developed for use in

=

150-170 megacyclés. Now FM is being used in the 450 megacycle

frequency range.
We now call 2 to 54 megacycle ?requeﬁcy tlow Yand® the
: )

1);1-17h megacycle freque&cyy "High barid®, The LS0 megacycle

range is just called “LE50 me",

. - oo -
Figure 11, is a.block diagram showing a high band FM
communications receiver designed teo aperate at 172 me, but the
same arrangement could be used in connection with a "low band!

{(24~5}4 me) or a LB0 mec receiver. The samé geﬁérél pattern will

+

apply to any communigations receiver regardless:nf'iﬁs operafing.
frequency. ﬁotice there are two oscillstors, two mixérs and twg‘
L F sections. This type of receiver_is called a ddqble'sugerf
hetrodyne. The incoming RF is first conﬁgyted to a high fre-

"0

quency IF for improved image frequency fgjectiop, then the.sighal

is again converted, this time to a low frequency I¥ to permif -

2

greater-amplificaﬂ@on and selectivily. We can best se=es the
action and advantages of the double superhqtrpdyne by following

the signal through the receiver. ‘ l . o

Tncoming signals from the anterria Fifst encounter the
RF amplifier stg%PL Becausze of the high frequency of the incoming

signal it is not préctical to expect a great amounf of gain and

- .-
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Eeie%%ivihy in this Stages. By careful designiﬁg this RF amplifier,
gsatisfactory rejection of*unﬁanted signals is possible, and the

. gain can be 5 times or more. Noise géneraﬁion within this RF
stage must be kept to the minimum hecause any noise generated in
this RF stage would be amplified the same amount as the desired
signal, Therefore, the properly designed RF gmp;ifier is one

that will amplify a maximum amount, wﬁich is just below thg

point of generating internal noise.

At the mixer the (172 MC) RF signal combines with the
160 me signal from the oscillator to produce the first (or high
frequency) IF of 12 mc. This comparatively places the image
freguency far enough away from the channel frequency to be re-
jected in the tuned RF circuwits with the oscillator operating be-
lo% the RF.. The image will be 12 megacycles below the oscillator

frequency, or 1L8 mc.

The most impsrtant requirement for the oscillator is
stability, and the most stable oscillator known today is the
crystal controlled oseillator. Crystal sscillators at 160 me
are not practical at the-present time for use in mobiie equipment,.
so in our example (figure 11) we use 32 mc and the Sth harmonic
of 32 is selectgd to provide the desired 160 me signal. This
receiver is designed te receive one frgguency;sq the tuned circuits
are seﬁi—fixed‘tuned, (These circu%?é are only retuned by a
.teéhnician to correct for aging compoﬁentsziafter repair, or tube

replacement). This type communications receiver has greater

efficiency and circuit stability..
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The 12 mc IF combines at the, second mixer with the 12,1455
mc signal from the second oscillator to produce the second or

low frequency if signsl of 455 ke,

Selective Filter

While the RF and first IF sectioﬁs are efficient in re- -
jecting the image frequency their relati;e selectivity at these
ﬁigh frequencies is not sufficient -to reject éignal of neighbor-
ing chamnels, which must be eliminated before they reach the disw
criminator, (FM detecto?j}- Ry employing this second IF, (h55 ke)
sharper selectivity becofies possible, ﬁowever, before this }j55
ke sig&;l goes into the second IF (455 kec) it goes thru a Mselec~
ti&é filter" which is between the second mixer and the second IF.
(See Figure 11). This selective filter- has many circuits tuned
 to bypass unwanted signals and pass only the L5S kc signal- Wlth
Wts modu1atlon deviation, This selectlve fllter then passes this
455 kc signal to the second IF stages which have the sole function
of amplifying the signal. These high gain I¥ stages Rrovide'far
‘more ;mpliéication than minimum gain féquired thus introducing a

L]

reserve gain, which is essential for contlnued receiver sensiiivily

over a prolonged period.

- . Limiter ssction -

‘Following the second IF section are two limiter stages,
(see figure 10) which eliminate the amplitude and ncise puisatifns

which may be present.
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The Iiscriminator

T

) The input to the discriminator is then a pure FM signal
containing only deviations iﬁtroduced to the signal at the

transmitter.

- . The discriminator recovers the audio component from the
FM variations and this audio voltage is applied through two
eudio amplifier stages ©o the speaker.

Squelch

-

In a commercial broadcast receiver, the transmitter
carrier is present-e%en though modulation may be temporarily
discontinued., In the case of the commuaications receiver the
-situation.is.different. The carrier is present only when a mess-
age is being transmitted, In the absence of any RF carrier to ~
provide this quieting, noises entering the receiver causes an
objectional ncise in the speaker. This is particularly bother-

. some when the receiver must be constantly monitored.” A squelch
circult quiets the receiver between transmissions by preventing
- the noise voltage from passing through the audio stages and

reaching the speaker.

A8 shown in figure 11, the squelch system operates into
the first andio amplifier, preventing that tube from functioning.
Tn the absence of an incoming signal, the noise cammot get through

the sudio stages to the speaker,
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- The squelch ecircuit controls the bias on fhe andio am-
_lpifier so that it operates-only when a signal is coming in.
At other times when there is no signal the audio stage is biased

. beyond cutoff and no sound comes from the spedker.

Two Frequency Operation

Gertéin épﬁiications require the commuqicétions receiver
to operate on either of two frequencies. This can be accompiished
, by hawing two oscillabors at the first mixer in place of one, It
is not..advisable to, have these two oscillators operate at the same
time.in.an effort to receive two signals at the same time because
the mixing of the signals and oscillators would ellow unwanted

-Signals to mix in the mixer possibly producing a difference fre-

.. quency that would also pass through the 12 mc IF, °

'Summéry

L

Since the TM receivers use the superhetrodyne circuits
' commonly found iﬂ_AM'receiver§, most of the stages of the Fi

roceiver operéte in the same mamer as those in the AM recelver,
The twe-receivers differ as to-the t&peuéf:detéctor am--
ployed. The detector in the AM recéivéer must respond to changes
of carrier amplitude, thé FM detector (discriminator) mush
respond to changes of carrier freéﬁénoy.

In .order %o. prevent urdesirable amplitude variations from

reaching the discriminator, limiters are used immediately ahead
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of it. Also sufficient input voltage must be provided by the
‘RF and IF amplifiers, ‘so the limiters will be able to limit
the lowest as well as the highést voltage peaks and a uniform
noise free voltage will be presenéed to fhe discriminator with

only the "frequency variations" (modulation)- present,

For maximum frequency éfabiliﬁj oscillators are crystal

controlled.

" *Without squelch the high gain communications qéceiver
;s very noisy between transmissions. The Squelch circuit however,
disables the audio section of the receiver during the ti&eé
- whgp theré is no carrier present, and'prevents noise from reach~
ing the sﬁeaker, As goon as the cérrief is received, the squelch

circuit becomes inoperative and the receiver performs normally,

»

Because of the high frequency of incominé signals, the
tuned circuits of the RF-gnd I stages camnot reject all of the
unwanted fregquencies, this task is performed in the low frequency

' section of the réceiver. The highily ;e}eétive filter immediately
following the seconé'mixer rejects all gignals exhcpt those of the
- operating channei, pgrmitting‘only the desired signal to pass

through the last - -IF section Eo the detector.

Tmportant words used. in this chapter:

Image fréquéncy: "That undesired frequency that combines

with the local,oscillator at the mixer to produbé a difference
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frequency equal to the I¥:frequency. The image freguency is

always spaced from the desired frequency :by an amount equal to

twice the value of the IF frequency.

Limiter: The limiter is an amplitude controlling device.
When the input signal reaches a certain amplitude, the output'
voltage has reached a maximuﬁ:value beyond which it cannot in-

crease, regardless of more increase in the input,

o . .
Oscillator: A device that generates A.C,, As used in
the. superhetrodyne receiver, the oscillator provides an additional
R.F, .signal which mixes with the inconmiing signal- to produce a

difference lower frequency.

r

‘Selectivitys The. ability of a receiver to discriminate

between radio waves having different carrier frequencies., Good

seléqtivity of a receiver depends wupon the efficiency of its

. tuned circuits to pass'a desired frequency with sufficient atbenua-

tion to all others. e

Sénsiﬁiﬁityﬁ The ability of a receiver to respoﬂs to -
woak shignal.

‘Squelch: - A cireuit that silences the speaker between

transmissions of messages..-
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‘CHAPTER T-HREGE

" We will now analyze the complete operatioh of the

1 s

various stages within the receiver, beginping in this chapter

with the RF amplifier stage.- o .

Requirements of the RF. Stage

RF stages .are used extensively in receivers up to 170
megacycles., Where an RF stage is used, é&fficient opération
depends on (1) té reject interfering-signals as far as possi:nle
by incorporat.ing sharp RF ‘s_e_lectivi'by and (2) to establish i:he
best possible signal to noise ratio ab the mixer mput. :The?
undesired signal which must be rejected inclp@e the image fre-
quency, the frequency- that is the :.sa-me as the ‘rec‘;a-iver IF, and

all others that might cause interference. .

ﬁhiie cjrcili‘ts that are effective in rejecting undesired
‘sign‘a'.ls, ﬁhey aléo cause séme loss of the desired signal, ‘The
gain of the RF amplifier, however, more than ccmpensates for
this loss with the resull that:thé'az‘n;plj;fied signal Aelivered
to the mixer stage has a better signal to noise ratio.

In the design of the RF stage particularly in the chojce

of the RF tube, attention must be giveén to the amount of noise
gencrated in the RF stage itself, Unless this noise is held to
a minimum the signal-to-noise ratioc will not be increased and

the receiver sensitiviiy would not be good.
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The RF stage must also provide an impedance match be-
tween the antenn; ;nd the éF stage tﬁbé grid.‘ This impedance
match will isolate the antenna f;%m the local Bédillator. (If
tHe antenna went direcﬁ'to~the mixer the oceillator RF could pass

" to the antenna and radiate interference to nearby receivers.)

Signal t o Noise Ratio

. Small éignalz§bifhééé'ﬁntering‘éﬁe*receiver must compete
withH any noise voltage in the receiver, The total noise whethe;
inﬁerﬁaI'or external-limits the minimum signal voltage that can be
"sucdessfully réceived, It therefore is important to have some means

of comparing the strength-of the signal with that of the noisea

‘The expression “signal-to-noise ratio" which is usually
“abbreviated "s/n ratio" is used to compare the strength of the
désﬁred signal with the noise vqltages present ip a particular

‘Jdﬁféﬁig.' The s/n ratio -is most important at the input of the
receiver, where the.signdl level is the lowest. Unless thekiﬁ~
:cgming signal voltégejis greater than_the’noisé vglpages,'satiSH
factorﬁ'feception is not-pessible. The amoupt of nbi§e.§resénp
at the receiver input combined. with the.noise gen?pated within the

receiver input circuits, determines the weakest useable signal,

While the RF stages generates a certain amount of internal

noise, the mixer which follows is an eveﬁ—greéter'offender in this
R S H . , r . :
respect, . Unless the signal gets the reqiired amplification in the
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RF stages the relatively high noise level of the mixer would

limit the receivert!s sensitivity.

.. DBecause-noise ﬁlays‘such an'important part in determining
the overall performance of the receiver, let us discuss it briefly

‘before proceeding.

Noise .Sources and Noise Frequencies

. Noise may be either éxternél or internal, whether it is
manmade, natural or generated within the receiver itself. It
may be either impulse or random noise according to its waveform,

and it may -be classified to some extent as to frequency,

Noise may enter the receiver from some external source,
in which'case it may be man-made or du; to‘ﬂatﬁrai caﬁses. Noise
also may be internal in origin, since-it méy be generaﬁed within
the receiver circuits and their cmnﬁonents. Néise, particularly
man~made noise is not distributed unifbrmly fhréughout'%he frem
quency spectrum:- Impulse noise is most bothersome ét‘frequenc%es

.from approximately ‘15 megacycles fo 160 megacycles, while random

neise can dppear at any freguéncy.

.

Man-made nolse

Man-made noise falls within two general clagsifications
jﬁst‘mentioned, impulse_aqd random noise, Impulse noise censists
of sharp pulses of-HF voltége which produce audible sounds in the
apeaker, The most ;ommon source of pulse noisc is the ignition

systems
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of cars, Because two-way radic is mostly vehicular, impulse noise

“

is 2 major problem.

_ The second kind of man-made noise, (randan noise) is
more continucus in nature, It appears as a broad band of many
puises uhiqh vear listle or no relabtion to each other. oOSuch
noises are produced by rotating elecéricél machinery, automotive

generators, regulators, high voltage power transmission lines, gas

rectifiers and similar devices,

Natural Noise

Natural noise coming from verious sources frequently
proves disturbing to radio communications. These noises also can
be impulse or random type. Pérhaps the most familiar example of
naéura} noise is thet produced by iightning discharge. This type
is ;ot entirely due to local storms, it frequently originates in
troﬁical storm cenbers and then it radiates as a radio_wave to
fany ﬁarts of the earth: The highest n;ise lovel is usually
highest in our summer months. TFortunately the intensity of this
noise is less above LO mc. _Some noises are attributed to sun

spots and other natural phencmena. .

Receiver Noise v

In addition to man-made and natural nolses entering the
receiver from cutside, noises are also generated in the receiver

itself, Almost all noises generated in the receiver is random



-2l -

type for.they are combinuous, have no specific waveform and cover

a wide range of frequencies.

One source of redeivér noise is the irregular motion of
electrons in ary ;urrent passiﬁg through a conductor, The erratic
motion.of electrons causes small variations in current and a
corresponding change in voltage.  This is called "fluctuation noise”

. and has no specific. maveform or freguency.

Another source of noise is the normal but random motion of
atoms and electrons. These particles make up all matter. They
are always in violent motion and their activity increases with
temperature incpease. The resulting noise (designated as thermal

noise) is present in any circuit that has resistance.

- The amount of nolse generated in the input'circuit of a
receiver is determined by-the bandwidth and impedance of the
circuit. . A circuit designed to operate on a wide band of fre-
guencies and having a high impedance (resistantce) generates more
" noise than a circuit with a narrow band acceptance and a low

impedance. ’ - :

Tubes also produce noise due to their distinet actions

inside the tube.

L. Electrons leave the cathode at irfegular intervals and
with random velocity,- Their arrival at the plate is alsec irregular
and causes rioise pulsétibns in the plate circuit thié is known as

the "shot effecth,


http:motion.of
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2, FRlectrons leaving the cathode of a pentode or other
multi-element tube form separage currents on their way to the
plate ond screen. This division-of electron stream is a source
of noise and is most noticeable in tubes ~thich has a number of
positive grids., Such a division‘of,céthode current does not

take place in triodes so these tubes are not subject to this

effect.

3. Ancother source of noise generated within the tube is
due to electrons passing close to the control grid on their way
to the plate., Small noises are induced in the grid circuit and

add to other noises present,

0f all tube types, the triode is the quietest. The
sharp cutoff pentode is next best, followed by the remote cutoff
pentode and multi-element tubes in that order. Regaréless of
the tube usad, noise can be minimized by establishing a low

value of cathode current.

Amplification Requirements

Because the mixer has a high noise level, the signal
must bg strong when it reaches this stage. The high noise level
at the mixer is due to many factors. First, the oscillator multi-
plier section generates noise, and this noise reaches the mixer
along with the desired oscillator signal, Second, the mixing

of two different frequencies causes additional variations in
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the electron stream in the tube J'which'in turn means more noise,
In additioﬁj the conversion efficiency gf any tube As low compared
to the saﬁe tube used as'an amplifig?i The lower évai}able output
voltage at the IF frequency means a relativeiy low signal teo noise
rati&. The RF section of the réceiygr must provide the necessary

gain in order to have a satisfactory signal to noise ratio at the

mixer.

Below 200 megacycles a single well designed RF stage of
amplification using a pentode tube is preferred to two triode
tube stages. The pentode will give about the same gain as two

tricdes,

At higher frequencies (above 200 megacycles) the pentode
beécomes less satisfactory, and at these fregquencies triode tubes
are generally used. They must be neutralized however, or used as

~

a grounded grid amplifier,

If all the noise generated in the RF is kept to a mini-
mum and at the same time, the incoming signal is amplified so
that the signal-to-noise ratio is éatisfadtory the RF amplifier

will have fulfilled one of its important requirements,

Intermodulation

L

Intermodulation requires two or more frequencies which

combine to produce a.signal at the channel frequency.



-7 -

This can best be explained.%y'an example, Gonsider a
receiver designed to operate on 152 mc. Two unwanted signals,
152,12 me 152.2L mc. are at the antemna, and these two signals
can possibly combinz in the mixer stage to produce a siénal of
152 mc, , Here is how £his can happen. We know that among the
additional frequencies created in the mixer stage will be the
second harmonic of ény incoming signal. Now the second harmonic
of 152.12.mc. is 304.2) me. This frequeﬁcy combines with the 152.
2h me. to produce: 152, mc. {The operating frequency of the recei-
ver,) Any modvlation presen£ on either of'the‘two freguencies

will modulate the new frequenqy and be heard in the speaker.

Intermodulation oCcurs only when the signals’causing this
condition are transmitting at the same time, From extensive in-
vestigatlons it is found the percentage of %time these signals are
transmitting at the same time is small. Also, these exact multi-
plications and mixing of frequencies usually occur only in an

v

area where all radio frequencies are being used.

‘The RF Input Circuit Impedance Matcﬁing

It is common to call the circuit betweén the antenna
transmission line and the RF grid the "input circuit'. This
circuit has two basic functions. First, being a tuned circuit
it must provide some selectivity. Second, in order to transfer

naxizzumenergy from the transmission line to the:RF grid it must

match the impedance of these circuits. The antenna transmission

Fa3
-
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line usually has an impedance-»f 50 ohms at the cha mnel fre-

~

guency: Thus as far as the transmission line is concerned, the
~ T

-

input circuit must appear to be 50 ohms. This circuit forms a

parallel tuned circuit between the grid and ground, and a paral-

lel tuned circuit uswally has a high impedance.

Ain impendance match may be effected several ways. One of
- the most comaon makes use of a transformer in which the primary
winding impedance matches that of the input, while the secondary
impedance is that required in the RFrgrid, Anocther method is to
use a single coil, but to comnect the input teo a low dimpedance

tap on the coil.’

The one used in Figure 12 empioys séili another approach

- to the problem of mpedance matching, Here the input is tonnected
* between two series coﬁhected capacitors, which themselves are part
‘of.a grid tank circuit. - This arrangement allows a step up of
voltage in ‘the same-manner as if a tapped coil.were used, The
value of input capacitor is selected so that at its operating
frequency its impedgncg is about SO‘OFmSn Therefor the input

impedance Eé-ﬁé-ohﬁéj

The gr;é circuit sees a parallel tuned circuit between
grié and érqund,_and this offers the required high impedance.
Fgr figﬁre 12 the step ﬁp in voitage from the antemna to the grid
of the RF tube is aboﬁi 5 timéé, which means an improvement ;n_

the signal to noise ratio., The signal is ;ncreased 5 times while

the noise remains unchanged.
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-

The RF Amplifier Plate Gircuit

~

The plate circuit of figure 12 is rather unusuzal because
it makes use of three highly efficient tuned circuits., These tuned
citeuits are eritically cowpled to provide maximum gain and fre-
quency selection. Whenever several twed circuits are used, ,the
coupling between them greatly effects both the selectivity and the
amount of signal voltage at the output. With transformers the
interaction of the coils (mutual induction) determines the amount
.of coupling. Tor the Eiate circuit of figure 12 the degree of
coupling is determined by the value of capacitors between the

tuned circuits.

With a small degree of coupling, tuned circuit;_react at
their natural frequency and their selectivity is very geod, As
the coupling is increased, the output veltage continues to in-
crease up to a ceftain point (Ycalled critical coupling") beyond
which there is no further increase im’ output voltage, Increasing
the coupling up to the Reritical coupling" point increases the band-
width a small amount. Beyond critical coupl%ng, however, the
bandwidth increases rapidly, This is called overcoupling and
causes poor selectivity. 1In addition the output voltage will be
10Wér than the maxiium value established at critical coupling.

It is important to employ critical coupled eircuits to obtain good

séleétivity and sensitivity, .

In addition to critical coupling it is important to use

circuits having a high Q, for this determines their ability o
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reject unwanted signals. High Q gives much better selectivity than
those with a low Q. At high frequencies subh as found in communi-
cations receivers, the Q of the coil and the degree of the loading
determine the Q of the tuned circuit. The Q of the coil is the
ratio of its reactance to its resistance. (As a formula, Q =
2x3.1416xFxLR, where R is the resistance to the high frequency

current traveling on the surface of the conductor.)

" The coils of sdme receivers are made from siiver plated
Tibbons having a large surface area, This reduces the R and.pra-
‘duces a high Q. The ﬂhfeercritically coupled high Q tuned cir-
cuits in the RF stage of figure 12 provide excellent selectivity,
rejecting the image frequency as well as many other signais that
might cause interference.. At this frequency (152 me) it is imw

possible to reject all signals on the neighboring channels but
. - A - :

these are eliminated by the selective filter in the last IF section.,

The RF Stage as a Class A Amplifier

When it is necessary to secure good amplification with
a minimum of d%stortion we use (¢lass A amplifications, The signal
vg;tage must not drije the grid positive with respect to cathode,
causing grid current, The tube is operated as near as possible to
thé center of the straight portion of its characteristic curve. A
Ot&pical Class A amplifier lcharacteristic curve" is shown i£ figare

13. (The amplification is slightly exagerated for explanation pur-

poses., )

O3
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Ple;te curreﬁt is 'plotted. on The vertic@afl. axis ~and the grid
voltage on the horlzontal a:cls.. The tube blas should be at the
center marked K on the cur've.. The incoming s:_gnal to the RF grid,
at the bottom.:of the.figure, wvaries the tO'l}al gri'q ;rq_lt_._age and
noperates the: tube- between -points.A and B-on the CuTve.., Plate .
_Cl%r:cl‘eﬁt}.xza‘r_"i-esvﬂb _e_tw%en &:-and Be.- I ther_ca,pgrat}?'{f)m'jfs J:j:gngax&_tr_nc_e)
‘sutput wave shape is an.exact 'dl}pliga:tion of: the RF grid voltage.
- H(:)W&‘V‘BI‘ » the amplification will be greater than the input,.the

exact amount depending on the gain of the tube.

Looklng agaln at flgure 13 two :anortant 'bhln.US can he
seen., (1) If the :|_npu‘b signal is reduced the output s:.gnal will

also be reduded. (2) If the grid bias is -chinged more nesative

2]

the operation of the RF input will be on the lower curved portion

of the characteristic curve and-distortion.again occurs on the upper
. B
curved portion of the tube characteristic curve.

Automatic gain centrol

Automatic gain control or “AG’G"— as ‘it is uwsudlly referred
to.,' lowers the amplification-er gain-of the RF stage when a strong
signal is received, - The grid-of a "limitdr stage" has a negdtive
voltage that gées more negative with 1a strong::signal. A small part
.oi‘ tk;is voltage that is more negative with.a strong signal, is
rectified, filtered and used to keep the RF grid at the proper
bilas on strong signals. Because the limiter grid is comparitively

negative even on a.-weak signal, it is important that this AGC does

O
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not further reduce a weak RF signal. This is realized by taking

the proper amount of positive voltage from the IF screen grid to

balance or cancel this idling negative voltage coming on the AGC

+

line. Therefore thlS AGC negative voltape‘Wlll overcome the posi-
tive balanclng voltage only on strong signals. ThlS is called
"delayed" AGG because the action is delayed until the EF 51gnal

]

reaches a certain level.
. - . o

Impnrtant Words used in this Chapter

Automatic gain Control: A:method:of controlling the

overall amplification of a receiver by varying the gain of one
or more stages inversely with the strength of the incoming-signal,
When used with two way FM receivers, AGC is highly effective in

reducing intermodulation.

.

5élayed’AGG:" An’ AGC systenm where weak signal ére'ﬁre-"
%ented”ffoﬁ'prodﬁcing'any AGC actibn. - .

Impulse noise: fhose'noise voltages'whiqh haye:very

sharp peak amplitudes’ and which oceur at irregular intervals., = The

>

" most common is the ignitiSn systems-of gasoline engines.

Insertion loss: ' The attenuation of the desired signal by

some circuit element, such ag a tuned. circuit..

T gt e . - o o ~a ~m - - mrw

Intenmodulation: A type ol 1nterference in. recelvers,

"'ﬁhefeby two or .more unwanted 81ggal§ ¢ombine %o create a new fre~

qupncyféqrresponding‘go the channel frequendy of the receiver,
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Noise: As used in the electronic industry, noise refers
to spontanecus and iffegul;r variations inﬁvoltages and currents,
Noise voltages are?éharacﬁerized~5y the absernce >f unifommity in
both wave form and frequency.. When such nolse voltages are re-
produced by the speakﬁr,:the resulting sound is equally irregqlgr

and is Ymoise',

Random noise: This noise is more continuous in nature

and has a more uniform amplitude. (Compared tb‘impulse.noise)
' * pearly all noisé is random type.
-

Yignal-to-noise ratio: A comparison of the amplitude of

the desived signal to the amplitude of the noise voltage present,

4
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CHAPTER FOUR

- The High Frequency Oscillager

The basic funetion of any bscillator is to change the.
C 'en'ergy from the power supply into AG energy at a specific fre-
quency. Many types of oscillators have been deweloped to meet a
variety of requirements. The most important ef these requirements
in regard to communications receivers is s'izaﬁility. The Y“colpitts®
type oscillator, which can be readily adapted to erystal control,

appears to be the most popular for high Jrequency communications,

The+eperating frequency of an oséi:f.lator is that frequency
producing a net zero reactance of all the circuit cér:pal,nen’c.s° Lny
circuit changes caused by varying voltages or aging of tubes
necessitates a frequency adjustment to keep the reactance at
zero, {or oscillatc;r on exact frequency), Because of the high §
and steep resonant curve of a crystal, it takes a large change in
reactance to cause a small change in crystal frequency. Regardless
of how or why a f requency change takes place, it is undesirable
and may rander the receiver to be inoperative. Assuming the fre-
quency drift is small (and it usvally is) » 1t is possible to bring
the oscillator back on frequency by varying a small capacitor
(figure 1) in series or in parallel with the arystal. This is

called Ywarpingh.

If a receiver uses an oscillator-multiplier operating at

the 5th harmonic, the change of frequency is 5 times greater at
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the mixer than at the oscillator section. As an example, in.
figure 14, a change of 2 KC at the oscillater frequency would

produce a change of 10 KC at the mixer. This in turn would -

allow a 10 KGC change in the 12 MC 1 F.

The effect of { emperature on a crystal

The natural frequency of a crystal is influenced to an,
appreciable degree by the temperature at which it is operated.
The extent and character of this temperatur-’e;effect is determined
by the manner in which_ the crystal is cut from the naturel quartz,
the shape and size, the prec:';_sion oi: grinding and the character-
istic of the crystal material i‘_c,se-li. The frequency change is
expressed in number of cy'_cles changes for each m_i]lion cycles of
crystal freqﬁency for e:ach de-{gx-'ee- centigrade variation in

temperat{lre. This change is in cycles per second and is termed

the temperature coefficient of frequency.

A positive coefficient means that the crystal frequency
increases with temperature increase and a negative coeff icient means
the crystal frequency decreases with an increase in.temperature.
Thus for the highest degree of stabllity in a crystal oscillator,

it is necessary to keep the crystal a2t 2 constant temperature.

To meet the rigid requirements ol modern communications 5
crystals of the lowest température coefficient are used. Also
these crystals are enclosed in a sealed electric oven that is

thembstatically controlied at a specific temperature. The
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temperature oi this "cr&stal oven" is maintained higher than the
Sunmer operating_temperaturé vf the equipmgnta If it is cold or
hot weathsr; the cfystal'ié operating at this fixed témperatufeo
This allows ~he overall asperaticnal stability of the receiver tc

be within ;00C5 percent. OComparing this accuracy with distance,
this is-an accuracy to withig-thré;'centimeters in three kilometers.
* (One iretwo miles,)

hAging in Crystals

This refers £o a natural change of frequency that takes
place over a period of time, A1l crystals agé to some degree, and
this usually occurs during the first few months t he crystal is used.
After the aging périod, crystals are likely to ﬁaiﬁiain‘i stable
frequency for the rest of their -natural life. .Aging in crystals
may be accompaﬁied by a deteriation in activit§9 If crystal
activity drops1as much as 25 percent during the initial aging
period it is possible that the crystal has some contamination or

natural flaw, ] s -

Contémination results.when foreign matter accumulates on
the crystal, This may Seriocusly affect the crystalls operation as
to both, frequency and activity, Because mcdern crystals are
'plated" there is no éractical field repair suggested, and such
crystals should be returned to the factory for service,

b
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The Righ Fregquency Mixer

T A

Since the mixer.sutput voltage depentis large]:y'upon the

impedance presented to the IF signal current in the plate cirsuit,

it is desirable that this plate circnit be highly selective.

A typical mixer, with an input of 172 me 1s shown in
figure-1li, The oscillateor voltage at 160 me is injected iato
the cathode cirenit. The 1.25 velt bizs developed across the
cathode resistor operates the tube a t the lower portion of i‘bg
characteristic curve. A triode 1s used so that the nolse genera-
tion will be low, and the three high, critically coupled tuned
circuits in thé plate provide maximum IF signal o;ﬁ.tpﬁt with

a ¥

good selectivity,

Does Hetrodyming affeet Deviation?

2
The question of deviation always arises in comnection
with mixer action and the resulting IF signal, We can best explain
this by using 2n example. Assume the i}lcoming s:"-Lg-nal* of 172 mc has
a deviation of ]:D'l'l:J.S aﬁd minus 15 kc-. This means 1;1'1.9 RF swings 15
kc above and 15 k¢ below center frequency. The incoming BF is not

the constant freaquency: of 172 me, but varies between 171.985 and

172 .015 mc.

When the RF frequency is atv center, or 172 mg it combines
with the constant 160 mc oscillator freguency to produce the
|
center IF frequency of 12 me. When the RF is 171,985 me it again

combines wi.th 160 mc signal but the difference is now 11,965 mc.
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Similarly, when the RF is 172.015 me, the .difference frequency is
12,015 mc, The IF frequency varies between 11,985 and 12,015 mc,
which is a deviation of plus and minus, 15 KC, From this we can

see that the mixing action has no affect on the modulation devia-

tion, the resulting IF has the same deviation as the applied RF.

hY

- - . . Summary

1. The purpose of this portion:of the receiver'is to
deliver én interference free signal with higlr S/N ratio to the

second mixer, . . L

2, The high frequency crystal is temperature controlled

for maximum stability. ©

3. The crystal oscillator, can be altered to compensate
for the netural aging of the crystal, This is usually acccmplished

by means of a small variable capacitor. %

4o The mixer hetrodynes (mixes) the RF and the oscillator

signals to provide the difference IF frequency..

' 5.7 The hetrodynihg process in the mixer does not chenge
the déviation characteristics of the signal. The deviation of the

IF signsl are identical to those of the incoming RE.

6. The IF:amplifier provides high gain and sharp selec~

tivivy.
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Important words used in this Chapter

Lging: As applied 6 quartz crystal used in the osecil-

lator. Aging is a natural change in crystal frequency evidenced

over a period of time,

I

Crystal Controlled Oscillator:- An oscillator that mékes

use of a quartz crystal Lo provide a high degree of stability,

Harmonic Frequency: A frequency which is a whole number

muliiplé of the fundamental frequency.

Fiezoelectric Effect: A natural phenomenon assogiated

with certain erystals. When a voltage is'applied across its

faces it distorts mechanically.

Quarts Crystal: A silica matverial which exhibits pilezo-

electric properti€s. Its most impertant use in the electronic
industry is in conjuction with an oscillator as a frequency con-

trolling device.

Warping: This is the ohanéing of the frequency of a

crystal ecnirelled oscillator so that i% operates‘exactly at the

4

required f reguency,



The Second Mixer:Osciliator and IF Stages

In this lesson we will be concerned with (1) Rejection
of all remaining signals except those of the desired chamnel,

(2) Provide a large amount of amplification ahead of the limiters.

The Low Frequency Oscillator

- ’ -
[} —_—

I wrder to p‘rovide for 'the'.réq{ﬁred-sele"ctivi:ty and
amplification, the high f‘requenbf IF sign:al: of 12 ;nc must be con-
verted to a low frequency IF of LS55 ke. (L.U55 mc) (which is used
for the low IF o; most communications receivers.) This requires
another mixer and oscillator combination. - Figure 15 shows a
typical circuit, With an IF of 12 mc, dn order to secure 2 458 X0
_second IF ‘bheh 'seéond oscillato‘r must be (;,i't.-h;—:'-r 1155 XG above or
bélowl 12 linc,, 'fis ‘shown in fié;ure 15,. the osc;illator in owr example
'-is'12:.h5-5 mc which ié Les KC -ab;ve the .12 me inco;ning’signal. To
insure maximum stability, the second, or lcw fr:;quency osc-il]-_a’\oor
is crystal controlled, - Because of its comparatively low £ regquency,
the .siight frequency change due to-any temperatur® change has no
appreciable effect on the receiver operation.. ~Therei‘:>re 5 -the

oscillator design is less complicated and it is not necessary to

use a constant temperature oven.

In figure 15 the crystal acts like a parallel tuned cir-

cult controlling the frequency of operation., Feedback to keep the
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crystal oscillating is obbained by cornectisg the cathode to the
Jjunctior of the two capacitors connected in parallel to the cry-
stal. The oscillator voltage is injected into the mixer stage grid
through capacitor .0l. The oscillator plate is bypassed to ground
and has no active part in delivering the oscillations to.the mixer

stage.

-

The Second Mixer

Two disbinct inpubs, the 12 I signal and the 12455
mc‘oécillator voltage are applied to the Second mixer. 'The-heter—
odyning acticn, or Ybeating togééher" of theseitwo inputs proauces
a difference frequency of US55 XKC at the output of the second mixer.
(There is also the sum of these two frequencies 2L4,L55 but it is
rejected because the output is tuned to LS5 KG,) while the second
mixer stage is-operated in class A to minimize the 'generation of
any undesired freguencies there is a satisfactory oubtput at the
h55 KG second IF frequency. To provide a.large voltage at the L55
KC, the plate load of the second mixer must present a high -impedance
at this fresuency. At the same time it must present a low im-

pedance to all undesired frequencies,

-

Cbtaining Selectivity .-

When we remember that all the-intelligence we want to hear
is contained in the side~bands rather than at the center fre-

quency, we-can appreciate the statement that the bandwidth of the
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last IF must accomodgte all of the incoming cnergy. Also since the
AM deviabions- possibly may extend plus or minu.s 15 lcf: each side of

center frequency, a frequency response‘whi_qh is both broad and-flat
is essential.. Beyond this flat top response, however, a sharp

attenvation is required in order -to eliminate other gignals.

In the best equipment a bandpass filter that is.tunsd at
the factory to pass a:required frequency and sealed so that it
ca:mot be jarred out of adjus‘tmf;;xt ;JI‘ tampered with by an unexperi-
enced person. (I‘b :would requiré special equipment and knowledge

r

to r eadjust a bandpass filter.)

Because there is always same loss due to resist;'ﬂ;oe, all
filters attennate the signal to some extent because there is no
amplifications Attenuvation of the desired frequency is called
":‘Lﬁsertion loss', The input and output impedance must be held
constant and they must match the impedance of the terminating cir-

cuits, By maintaining a constant impedance match there is no re-

flections and the only losses are those due to resistanc e.‘

At the ou’c.p';l’c. nf this bandpass (passive) filter we have
only the desired signai to- be cielivér ed to the limiter stages.

This we will take up in the next chapter.

‘Introduction to Decibels'

:

There 1is probé.bly ne field of electronics today which

makes more use of the decibel than does the two way. communications.

4
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Overall gain, selectivity curves, noise levels 'and many others

are all expressed in decibels levels, gains or losses, The ser-
vice man must have a good knowledge of decibels, abbreviated db,

in order to perform his duties intelligently, The deéibel is

often concerned with sound intensities, and there is a direct
relation in our hearing to the décibel. Thus, we have a convenient

starting place for this discussion,

The physicist defines sound in terms of wave motion that
take place in air. From the physioclogical standpoint sound is
the sensation produced in the ear by such wave motion, There ig
a difference in‘the amount of sensation as recorded.by the ear as
compared with the amount of energy used to produce these sound
waves. In other words our ears are neither reliable nor effici-
enﬂ in distinguishing between sound intensities., ~For example,
will i0,000 people shouting sound 170 times louder than 100 people
shouting? The answer is no, The difference To our ears 1s about.
20 times louder, There are many such examples that illusirate

the non-linear hearing characteristics of the human ear,

L

The specific relationship between the amount of sound

energy .and the intensity of what we hear is convenlently expressed
- - ~ .

in terms of decibels. The decibel is said to bs the smallest
change in sound intensity that the human ear can detect.

3 e

The conditions must be ideal, or a change in sound in-~

tensity of one decibel may not be noticeable., This is rather non-
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technical definition but it 1llustrates how the decibel is used.

Decibel is, written, db,

As a further example in compa ring sound levels, a sound
producing-device j.ticreas:’.ng to twice its original power output
produceé a 3 db increase in intensity. Any time power is doubled
it represents an ancrease of 3 db., Should the power be reduced
by one half its original value, there will be a 3 db loss, the
power is said to be "down 3 db." This 3 db relationship holds true
whether the level is but a small portion of a watt or many thousand
watts., Tor example, assume the pewer from a speaker is increased
from 1 to 2 watts, This is a 3 db change. On the other hand, when
the power output from a commercial broadcast station is increased
from 10,000 to 20,000 watts the increase again is just 3 db. In
the first instance it-required only 1 watt to double the power and
produce a 3 db gain, in the-second case, 10,000 watts were required

to cause a 3 db increase,

The exact amount of db change is usually foi‘J.nd bﬁr means of
# ’ :
logarithms. Where two power levels are concerned, the formula is:

(1) db = 10 times the log of P1/P2,

Where voltages or currents are being considered the foraula

is: (2) db = 20 times the log of E1/E2 or (11/'1“2)'., )

-

In uwsing either >f these formulas place the larger number

in the numerator in order that the ratio will be larger than 1,

*
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If amplification has taken place, the answer is said.to be a d

gain, if there has been same attenuation, the result is a db loss.’

JExample 1, Find the db change for a power increase from
5 watts to 10 watts., Using formula (1) db = 10 bimes the log of
16/5, or 2, From a 1log table the log'of 2 is ,3010. Substitubing,

db = 10 times ,3010 or a 3,01 db increase,

If the power had been reduced from 10 to 5 the solution

would be the same but it would be a 3.01L db loss.

Lxample 2, F11—'1c1 the db change when the voltage in a ¢ir-

cuit is reduced from 16 to 2 volts.

B

Using formula (2) db = 20 times log 16/2 (20 times log of
8). The log of 8 is ,9031, and the db loss is 20 times ,9031 or

about 18 db.

The convenience of using deci:bels may not b;a apparent in
the i‘orégoirfg examples, but consider the problem of determining
the total gain (amplification) of a communication ‘receiver where
the ga in might well be 1, GO0,0(‘)O + ~ Without decibels, the gain
of each Separa,te stage is determlned and then the gain cof each
Separate stage must be mul-ta.plled When the gain of each stage is
given in terms of the equivalent db ,_the Sep‘arate- db resultants-are

~

added or subtra cted.
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The 'db also eliminates the use of large and unwieldy
- numbers., Iets take as an example the receiver having a gain of
1,000,000. What is the db gain? Fortunately we. do not have tc

resort to mathmatics when a table such as shown below is available,

Current or voltage ratio db change
16 : 206G
100 40
1,000 ) 60
. 10,000 80
100,000 100
. 1,000,000 - 120
Power ratic db change
10 10
100 . 20
1,000 . 30
10,100 _ Lo
100,000 50
1,000,000 T 60

From this we see that each time the voltaght'is increased

10 times, there is a 20 db gain.

Each power increase of 10 times, is a 10 db gain. It
12 interesting to note that the voltage or current change ratio is

always exactly twice the corresponding db power change.,

To say that the pn')wer‘ of a transmitter has increased one
watt does not tell us very mut.%h unless we algo know the power level
before this change took plac;en When the increase occurs :f or a low
power device having but cne watt of power originally the increase

of one watt means doubling the pewer and a 3 db increase,
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Should the same increase of 1 watt occur in 2 transmitter
with an original output of 20 watts, the power will now be 21 wattis.
The effective increase is only about .2 db and will nnt be notice-
able, (1) An increase ot decrease can always be accurately stated
in terms of decibels,"for this is always a comparison cf two levels

and automatically indicates the effective increase.

Including the latter statement, 'here are some more things

to remember about decibels,

2. An increase of power to twice (or one hilf) the ori-

I

ginal value is a 3 db change, . :.;"-:

2

3. FEach change of power by 10 timeé, means a 10 db change.

P

4o Bach change of voltage or curfentfpf 10 times is a
20 db change,
5. Our ears are nct linear devices, but hear differences

of intensities according tc db changes in power levels,

6, Where the refevence levels are not specified, .N01

watt across 600 ohms is assumed, (Zero db is ,001 watt.)

The db meter dial markings are actually voltage readings
calibrated according to power level, (Some .meter dial scale, un-
like number 6 above, use ,006 watt across 500 ohm.line for zero dk

reference, )

i A B
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Important words used in this chapter

i

Critical coupling: The amount of coupling between tuned

”
L]

circuits which a2llows fcr maximum zutput voltage, but which retains

relatively sharp selectivity.

Cuteff Frequency: As applied to filters, the cutoff fre-

quency is the midpeint between the attenuated band of frequencies;

and the passed band cf frequencies,

DEM: A& decibel reference level in which .00l watts

across 600 olms equals zero dbm., All power levels may then be

stated with respect to this 1 milliwatt reference,

Decibel: A standard mit of comparison between two
levels of sound intensities or electrical power. A decibel is
sometimes defined as "the smallest change of sound intensity the

human ear can distinguich',
- : R ! -

Filter: A frequency selective device in which certain

frequencies are allowed to pass, but other frequencies are atten-

- -
B L

nated.,

a

« -

Insertion loss: Attemuation of the desired signal (due

to resistance) in a passive {ilter, This loss is usually stated

in decibels,
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 The i.imiter

~ The noise free reproductioncof the weak.signals by the
FM gcommunications receiver is made pessible by. the opération of
its.limiters.,

2

While 't:;hé discriminator is designed to respond to th;a
incoming deviations of the applied signal, it is also- sensitive to
amplitude variations ~ - and the dominant characteristic of ali .
noise energy is its amplitude irregularity. Thus, by using -properly
desipned limiters to deliver a constant amplitude signal to the
discriminator, a relatively noise~free reception ¢f FM.signels is

realized,

-Limiter Action

The incoming signal \coﬁ'ba‘ins many irregular amplitude

variations in addition to the d:esired freqflency modulation. Most

of +the ﬁoise énergy is cc.»nt-:entré*‘bed on the pé@ks of this ;signal.

To eliminate' this noise._-energyj from the signal, only 2 small por-
tion of incoming positive cycle is used. This, is realized by using
a low. plate and screen voltage (50 v) with capacitor coupling and
grid leéik bias. | f |

The limiter has wpper. and lower limits regardless of the

amplitude .of the applied.signal, the output can never exceed.these
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limits, Using a large resistor in series with a strong signal

input, one half of each cycle is attenuated, and the other half cycle
drives the tube beyond the upper portion of its characteristic curve
which is saturation, this cuts off the peaks of the outpub pulses.

As WE‘: are using only a portion of a cycle tfla’g has been limited ~r
clipped we can see the noise is greatly reduced, To be sure that

all noise is removed, we use at least one more Limiter stage.

As we are only interested in deviation of frequency which
contains the intelligence, we now can realize that the-oufput of
the total limitters are exact reproductions of the input sigmal

only in regard to frequency. All amplitude variations have been

removed leaving only a precise coding as to freguency variations.

4 typical circuit employing two limiter stages uses
resistance coupling between the stages. This type coupling eli-~
minates the use of transformers which is very difficult to align

where limiters are in Saturétion ard the adjustment of the circuit

to resonance do not cause any additional increase in output volbtage.

" Low value of supply voltage and grid-leak bias are used

in bo{sh Limiter stages.

The first limiter stage, with no signal applied has an
initial bias of 25 volts due to noise, -with a signal applied, this
bias increases. The stronger the signal the higher the voltage

produced, until the point of maximum bias ~ about 60 volts - is
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reached. 'At this point the maximum possible signal. will be
reaching the grid, due to the saturation in the plate - circuit of -

the preceeding stagé.

; ) - -

The second limiter stage with noise applied, has an-initial
bias ¢f approximately 20 volts with a signal applied, this bias does
not noticeably increase. This indicates that the plate of the first
lmi£ér is already sz;tura.ted by noise and the signal produces little
or No ir;crease in voltage from this stage, The signal voltage merely

replaces the noise voltage in the output.

Strong signal are limited to some extent even before they
reach the first limiter, Tt will be recalled that the last IF
stage does,not use cathode bias but has a grid-leak arrangement .
which provides some limiting action. When a sigpal is strong -
enough to exceed the straight. portion of the eperating curve, reach-
ing vhe points of cutoff and saturation, the last IF stage operates
as a limiter so that, in effect, a well designed receiver has 3

limiter stages“on strong signals. '

Inversely the weakest signal tc be received has only about
5 microvolts at-the antenna, the total amplification preceeding the
first limiter must be at least L,000,000 times, to.provide a two vol%
signal abt the limiter input. With o strong signal input the amplifi-

cation is greater than needed bubk as we have a constant amplitude

from the Iimiters this strong signal guarantees a noise free voltage
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at the discriminator., With a very weak signal at the antenpa,,the
high amplification of the stages ahead of the limiter will still

provide an understandable signal, - )

»

While we understand that the output of the second limibér
of the FM receiver has a constant amplitude, it is important to

investigate the nature of its waveform in the absence of a signal.

Because of the very high gain of the entire receiver, par-
ticularly in the last IF section, the small noise voitage generated
in the RF stages becomeé large voltages at the limiter. For this
reason the last limiter is always in a state of saturation. Thus,
the limiter output, deépite the absence of signal, consists of
noise voltages having a constant amplitude. When this waveform is
applied to the discriminator the receiver becames very noisy. This
noise output from the diseriminator is mainly due to the irregular
freguency pattern of the noise waveform rather than to any.amplitude

changes .

When a carrier is receivéd it_"repléces" the noise energy
in the output of thé limiter., 3Because of the amplitude limiting
ability of the stage, the noise energy of- the plate cireuit of the
last limiter is reduced, Instead of the irregular frequency of the
noise pulses, the plate current pulses now correspond to trans-

- mitted signal coming from the last IF. These pulses of plate current
through the primary of the discriminator transformer cause an oscil-
"latory current., which results in a sine wave (a signal pulse intro-

duced into a tramsformer primary produces a sine wave at the exach
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freqnency-ln,the secondary) -This oscillating current will corre-
spond exactly w1th the frequency modulation dev1atlons. Also, it
is of constant amplitude and is free of noise. The completeness
by which the signal replaces the noise depends upon the-strength ;
of the signal itself. The exact amount of noise replacement is

usually referred to in terms of resulting "quieting!,
'Summary

Amplitude modulation, particularly nolse energy, is
eliminated from the-FM signal by the operation of limitnrn-;head
of the discriminator -stage, With low operating voltages on the
plate and screen grid, plate current saturation takes place
rapidly., Grid leak bias is used to operate the tube on tneudesired

porbtion of its characteristic curve for all levels of applied

signal,

" To obtain good limiting action, the amplitung of the
input signal“to the limiter must be appreciable, there must be
a hlgh order of ampllflcatlon in the stages preceedlng thé limiter,
leltlng actlon by remov1ng both negatlve and p051t1ve peaks from

the signal, eliminates most of the moise voltages from the signal.

[l e Ty N . ‘ L4 -
After limiters reach a condition of saturation, the output

veoltage no 1onger.increases with signal strength.

P

& constant grid leak bias at any.grid circuld means that

the plate current of the preceeding stage has. reached saturabion.
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The last limiter in a receiver is saturated with or
without a signal being received, without a signal the noise
voltage output has a nearly constant -amplitude due %o the action

agf the last limiter;

4 5ignal replaces the noise in the outpub, the amplitude

Fa)

remains constant,

Important Words

' Gascade: Two or more stages -arranged so thdt the outpub
of one is appliéd to the input of the other. - (Word not used in

this chapter.) ’ . : oL e

Grid leak bias: 4 biasing methéd wherebf fhe grid is
made negative by an amount deperndant upon the streﬁgth'of the
applied signal. An RC circuit combination in the grid cireuit
develops this biasing voltage when the signal drives thé grid

positive with respect to cathode. .

Plate Limiter: The stage imimediabely preceeding the
i - ] -3

discriminator, the plate limiter provides an output having a con-
stant amplitude. A strong input signal is reqguired to swing the '
Limiter plate current beiween cutoff and saturation, thereby limit-

ing the signal amplitude and providing good noise quieting,

Quieting: The decrease in nolse reproduced by the M
receiver when a signal is received. Receiver quieting is the

result of limiter action,
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Saturation: An operating cdndiﬁibn-bf a vacuum tube

in which the plate cwrrent.,is a maximum value for the established

operating voltages and plate load. C(nee a tube has reached satur-
atlon, the plate current cannot increaée further, regardless of

b

signal amplitude.

20 Db Quieting: A standardized term in two way communi-

cations; this amount of quieting is used in conjunction'with re-
ceiver sensitivity. Thus sensitivity may be stated as™a minimum
signal voltage at the receiver input terminals, required to produce
a 20 db reduction in noise at the receiver untput. (10 to 1 voltage

4 [

ratio.)
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CEAPTER SEVEN

The Diseriminatotr

ATl FM receivers-incbrporate some circuit device to
convert the incoming deviations of the TF signdl (which contains
the audio message to be reproduced) inte vbltagé variaticns. The
two. most popular of these circuits are the discriminator and the
ratio detector. The discriminator ;gich at‘ﬁﬁé present 1s best
suited for-theneeds of the communications receivern is the one

described in this chapter.

-

Because the action of the discrimiﬁator depends upon
several phasé relationships between existing BF volbtages, it is
often regarded as somewhat more intricate than other circuit
found in FM receivers. For this reason it is probably the least

understood.

It is not necessary to have & thorough knowledge of
Uyactors®. However, a kncwledge of vectors would be of great

help to understand this circuit,

If you have not had the opportunity to make use of vectors

i1. the past you will find this following section helpful.

Plain Vector

Many things that we weigh and measure are described in

terms of pounds, feet or gallons, Because of their nature we do
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- nob require any further data about these things, the information
-is complete,. Other Quant%ties require thav their direction be
given before we can make useful application 'of the information.
For example, the airplane pilat must -know the-direction of the wind
as well as the velocity. In operating his plane the pilot must

- take into account. the wind direction or he will not fly a stralght
path to his destination. ;e may even end up in the wrong place.
This wind must be stated in terms of both directlon and magnitude.

ﬁany electrical forces too, must be étated in‘térms ;f
both direction and magnitude beforéﬁwe can nake intellige;t use
Luf

of them, The Yvector! 1s a convenlient device which can bhe used

to deseribe both magnitude and direction of forces.
. g ) -

A vector is a straight line drawn to a certain length

and in a specific direction., In any vector diagram, a vector

must have a common starting point, known as "erigin',

A vechbor system is drawn by a horizontal line and a
vert¥cal linew The horizontal line is the X axis with zer2® at
the right end and 180 degress abt the left end. The vertical line
(Y axis) cresses the horizontal line in. the center -and the top is
marked 9C degrees and the bottom marked 270 degrees, Where the
lines cross is the "point of origin®, Now we have I .quadrants
(quarters) each 90 degrees, (Uectbrs above the X axis are posi-

tive, below are negative.) : e 5



- 88 -~

In alternating current, vectors are thought »f as being
il:l constant fotation, moving counter clockwise at & specific re-
lation to time (frequency). It is permissible howsver, to "stop!
the vector at any instant to consider phase angles and a.nalyzé
what is happening in the circuit.’ :E‘.xample, (1) We have two &l-
ternating voltages in a circuit. One is 50 volts at zero degrees,
" the other 'is 50 volts at 180 degrees. Starting at the crossover
' poin‘b of the xy axis we draw a line vuttoward zero on the X axis,
" a specific distance for each volt. We do the seme in the 180 de-
gree direction and we see they are exactly the same magnitude but
the direction is such that one must subtract from the other, Thus,
we find the result is zero volits. In other words these ’voltages can-
cel each other., When two voltages are said to ’Re 180 degrees out
of phase, and they are egual megnitude, the resultant magnitude

will be zers

Ip AG practice we use U"phase" todescribe the relative
directions of separate forces, FExample (2) We have 2 alternating
voltages. One vol‘ta‘ge is 15 volts at zero degreés, this is on
the horizontal X axis, The other voltage is 15 vclts at 90 de-
-grees-, this is on the y axis., Now we use a scale which is an
equal amount, for each volt., We make a line at the'degre‘e angle
“the length of this 15 volt scale, By drawing a line from the
termination end of the 90 'degrée voltage ﬂei{actly 'pa.ral_'l_él with
.the voltage at zero degrees and another line f rom the zero degree

voltage and exactly parallel to the other voltage angle until



these two lines intersect forming a parallelogram. At this poi:nt.
of intersection we draw a line back to the xy axis (poin‘b' of origin)
we now have a resultant phase angle and by using the voltage scale

we can determine the resultant voltage which is about 22 volts at

.5 degrees,

»

It is apparent that the above resultant sine wave is not
the added sum of the two voltages bul the phase difference sum.
This can be solved by éomplebing a parallelogram. Regardless of
the phase angle of o volbages or two currents, a line drawn
from the termination. of one value exactly perallel with the other
shase and a line from the other value termination;-in parallel.with
the first - the intersection of these lines back to point of origin

will be the resuliant’ angle and value of volbage or current. -

Jeviation and Tiscriminater Output

A simple discriminator circuit was-showm in an early
chapter, ~ This circuif has a.transformer with a single coil
" primary from the last limiter but a double coil-secondary, One
of the two coils is buaed to accept 15 kc above the 455 IF and
the other secondary coil is tuned to accept 15 KC below the L55

¥

TF frequency.

(1) We have said, the audio amplitude controls the
amount of deviation, Fy this we mean, up to a controlled point,
the more volume at the transmitter microphone the more the fre-

. .- A . ”
cuency will change from center frequency. This exact condition
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is at these 2 transformer coils in the receiver discriminator. One
coil winding will accept 15 KC abwe center frequency, the other '

- will asc ept 15 KC below center fréquency. As the voltlages from
these two transformer coils are connected each to a separate diode,
capacitor and resistor, with the resistors in series, it is
apparent this veltage will be rectified. The higher the fre-
gquency goes above and below center frequency the higher this posi-
tive and negative voltage will be so a higher voltage will be
prenserlfc. at the output. This amplitude will establish the magni-
tud:a cf the outpu‘.c.a (2) Also we have said the audio freguency
determines the ratc; of deviation above and below center frequency
withi-r'l' the deviation 1limits established by the audic volume. To
explain this further we can better use an example: Assume an FM
transmitter produces a maximum deviation of plus and minus 15 ¥C
while u.s:'mg an audio frequency tone of 1000 cycles. At the recei-
ver this maximum deviation’will -e sté.ioii_sh maximum r&actified vol-
tage at the receiver discriminatr output and. the rate or number

of excursions from center frequency will be 1C0O Times per second.
In the output of the discriminator we find this rectified ountput -
vol'l'.ag-e mu.st change from positive to negative at the exaet avdio
rate of 1000 times per second so we realize a 10C0 cycle audio

Sine wave at maximum amplitude.
Let us summarize at this point:

. Without deviation being present (carrier ~nly) at the

secondary of the discriminatdér transformers , any center frequency
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voltage ’;;resent' in one of the two 'discrignina‘toz; transfc;r"mér wind-
ings will also be present in the bher tx:éﬁsrn;merwinding. Bec‘ause::
of .the_efjec.t of the components in the.discriminator circuit, these
two center frequency voltages, hecause of the resultant ph_a:_se

angles, will result in zero voltage output.

o m

Now we should be able to waderstand that with voice modu-
lation, varying amounts of frequency change, and the rate of this
change introduced by audio will cause a varliety of complé}s: phase

relationships in the disvriminator inmput., The discriminators cir-

cuits transposes these pnaase differences back Lo the original -audio,

It must be mentioned that FMY systems use preemphasis to
improve the signal to noise ratio at the higher volce frequencies.
To restore the discriminator’ output to normal, a2 deemphasis network
is required. T> have proper oalance between the audio frequencies,
the amount of deemphasis in the receiver must correspond to the pre-

emphasis introduced by the transmitter.

Important Words

Discriminator: A type of FM detector which recovers the

avdio component from the deviations of the applied FM signal.

Phase: As used in AC, phase refers toany instantaneous
time within the AC cycle. TBecause time is usually measured in the
degree of angular rotatior, phase is designated in degrees, (O to

360) .
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Fhase Detector: An FM demodulator or detector, its

operating depending upon 2 changing phase relationship between
th e‘opérétir\g voltagss within the cireuit. As the incoming signal
‘déviates from center frequency, these valbapges change in phase to

accomp‘lisﬁ the required detection, -

Phase Difference: Phase angle,.or Phase Displacement:

A comparison of the instantaners phases of two AC voltages or

currents.

r
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Squelch and Audioc Circuits

As we listen to the sound portvlon of television broadcast
we do not hear any noise or hiss from the speaker when the audio

modulation is temporarily removed. i

~

The reason for this is that the carrier is still present
to keep the receiver guiet. " In fact the carrier is always present,
from the beginning of the first program until the final program at

night., -

This is not ;ohe case in two-way ccm-imunication systems.
As soon as each transmission is ‘completed{ the oarr%er and modu-
lation is discontinyed at the transmitfffer. Without same means of
silencing the receiver during periods of ne transmissions, the long
periods of ﬁoise be;:'omes~bothersome. This receiver silencing is
-aocompiisl:led bg; means of the s.quelch" circuits, which prevents

noilse voltages firom reaching the speaker whenever the transmitter

carrier is off,

The inceming signal, whethsT modulated or unmodulated
controls the squelch. operation. When the carrier is received
the squelch "opens' and the recelver operates normally. In the
absence of the carrier the squelch "closes" preventing noise
voltage from passing through the audio stages, The squelching

f
(which actually silences the receiver) must not be confused with
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a similar expression, "“receiver guieting", which is the noise

reduction at the limiters in the presence of a signal.

-

*

* Squelch Requirements

Here are the reqpiremeﬁts of the squelch circuit.

1. The squelch must silence the receiver .during periods

of no signal.

2. The squelch must not. interfere with receiver nperation

for weak signals.

3. The squelch must not operate (open) bﬁ strong noise

pulses cr other interference at the receiver,

N, Fadi. signals must not cause fluttering - openin
ng g g K g

and closing of the squelch with signal.

oo

5. Squelch action must be independent of changes of

power supely voltages. It should not be nescessary to. readjust
. the squelch control fersmall normal changes of primary power

supply.

r
k] e

€. The squelch must open completely for weak signals at

the receiver frequency. i ) ”
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Noise Compensated Sguelch

The complete squelch circuits shown in figure 16 illu-

strates ail camponents for noilse compensated squelch control. - -

LY

P In figure 16 the DC amplifier becomes the sduelch con-
T

trol stage for the first audio amplifier, This DC amplifier either

conducts, biasing the audio amplifier to cuteff, er becoming non-

ar

© gonductive mathe andic stage operates normally. Therefore, the

squeiﬁh'operatidn is realized through the bias of the DC amplifier.

: < . ’ .
The variable squelch bias voltage that controls the audio
amplifier is developed across Resistor 3. -(R3) shown in figure 16.
When the DO control tube conducts, the voltage at the audio grid

becames less positave, (more negative to cathode) and the audio stage
- i

cannot operate.

-
- -

When the DC control tube styps conducting, the vollage
of R3 increases and causes the audlo grid to ﬁeccme unbiased. The
gathode circuit of the audio{smﬁlifier makes use ofa voltage'divider
to establish a BC voltage aé(the cathode. This cafhode'voitaggg
however, is fixed rather than vagiable. The ";quelch ;30;1131'01li )
adjustment is incorporated in thélhoise amplifier rather than the

cathode of the auwdio stage.

In erder to contrcl the squelch cperation, the bias atb
the G control tube must be either highly negative (in order that

the, tube dossnot conduct) or it must he near zero bias so it will
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conduct and overbias‘the audio stage, cutting it offi

The bias ¢f the DC amplifier depends upon two separate
W\l‘t,zggesé= (1) A negativg voltage available from the grid of the
limiter stage, this voltage is presént at all tiﬁ%s end @) A
positive voltage from the noisé section of the squelch circuit.

This positive voltage is‘variable. . ¢

Without an incoming signal the noise is h'ig_h an.d< a. srbro':gg

- positive voltage (from the noise section) is api:lied ’;o the grid

of the DO amplifier, W ith a signal, however, the noise input to
the noise ection is éreétly reduced and the positive veltage te

the fG amplﬁier grid is alsc lowered. -"As we shall soon éee, this
variable w}oltage from thHe noise amplifier section determines whethexr

the squelch will be open or closed.

We are now ready to analyze the sguelch operaticn as c‘on-
trdll-ed by the tvfro e voltdges at the DC amplifier (squelch tube)
grid. W hen a!’sig}nal is received , little or no noise dis applied
to the noise cireuit (figure 16) fromthe discriminator, and the o
output £ rom the nc;ise $ection may be considered as zero., The only
volvage at the grid is the Strongnegative voltage from the grid of
the limiter. This ’;;;Las (about-17 volts) is enough-to prevent the

DC amplifier (squelch) tibe from operating. As.a result the audio

- s

stage is biased normally and the signal reaches the speaker.

As long as the carrier is coming into the receiver the

noise applied to the noise section is very low {due to the action
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of the 1:'1_'mi'be-rs) 'and the receiver.'squelch remains opén. As soon
as the carrier is removed, the squelch.eloses. ﬁith n@ carrier to
prévide noiﬁe reduction to the limiters, the discriminator output
is mostly a strong noise voltage which, in turn, reaches the noise
section of the squelch. As a result, a high positive voltage
appears at the outpﬁ£; and this positive voltage is applied to the
DC amplifier grid circuit, (squelch circuit). This positive vol-
- tage counter-acts-the negative voltage from the i:j.miter grid,

with the result that the voltage at the DC amplifier grid is

éboﬂt zero volts. Without bias at the grid, plate current 1s
established in the.DC amplifier and the receiver is squelched.
Noise coming from the discriminator cannot get through the audio

amplifier,

From this discussion we see that the noise section (figure
16) must in some way, supply a positive DC voltage to the grid of
the control tube when there is no signal. Also, this voltage must
be removed when a signal ccmes in, Keeping this in.mind let us

see how the noise section of the squelch circuits operate.

In Figure 16 the voltage acrns Gl 1is presen% as long as
no signal is being received, but it is removed whenever a signal

is present.

The discriminator output is applied to the grid of the
noise amplifier as well as the audio grid, With no signal coming

intc the receiver the discriminator output consists of noise voltage


http:inthe,.DC
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only, having a wide range of frequencies, When & signal is reu-
ceived , the discriminator out-put contains very ZI_i.ttle noise and
consists mainly & voice frequencies in the 300-3000C cycle range,
The couplj_hg capa.citb rs tothe noise amplifier stage are chosen

so that the lower audio frequencies are attenuated. (The higher

T
noise frequencies are allowed to pass.)

Th}ls when neise is present (no signal applied) the input
to the ngise rectifier is high and its DC voltage is also high,
With a signal, the noise outputfrom the . discriminator decreases,

- and the noise input to the noise rectifier drops to a low value.

The noise rectifier is now near zero volis, -

The noise rectifier operétes the same as the power line
recbifier in a small table model radic. The rectifier is connected
g0 its egbput voltage is positive, and the two filter capacitors, Cl
and 2 maintain the output voltage at a steady DC level, This
DG voltage  to the contréltube (squelch tube) tends to make the grid
positive to ground., Actually this positive voltage opposes the
_negative voltage franthe limiter grid and the net voltage at the

DC amplifier grid is near zero-volts,

~

The variable resistor in the cathode of the noise ampli-
fier becames the squelch control. The cathode bias on the noise
amplifier determines the gain of the stage and thus determines the

amount of voltage applied to the noise rectifier, In this manner
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the squelch control determines the amunt af rectified DG output

voltage applied to the DC amplifier, and controls the blas and

conduction of that tuee .

As scon as the carrier is received the noise output from
the. discriminatér decreases, due to limiter action, and the input
to _the noiee amplifier consists mainly of wvolce frequencies,
Because o'f.. the “1ow 'T.?requency"'discimination of the coupling capa-

r

citors, the mput to the noise rect:fler is small and the p081t1ve
.rectj_fled outnut voltage decreases., In the absence of a.ny high
pos:Ltlve voltage from the noise amplifier the grld @fthe Tsqueleh!
JC amplifier tube becomes very negative and tlle tube cannot con-
~"duct., The squelch is now open, Because of- this action at the
grid-of Ycontrol® tube (TC amplifier) the squelch will open on
very weak signals; -

'I"he positive opening of the squelch-_for weak signals is
further insured ‘t.)y ueing a‘common .cathode t'e'sistexj for the DC
control amplifier tube and.the audio amplifier. When the audio
tu}.e conducts, the current through this res:l.stor increases in-
cveas:mg the blas acrcss the common bias resistor, (The audio
etage is so designed tha.t its plate current is much greater than

the DC emplj_f'ler tube ) With thls :|.ncreased bias voltage applled

tothe DC control tube grld cutoff w:.ll be assured.

Supply voltage change causes corresponding changes in

the gain or amplificaticm of the various stages of the receiver.
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If the voltage should {_i_ncrease , the noise reaching the limiter
_ . -2 .
stage also increases to produce a greater negative grid voltage.
This negative vol‘bagé tend.s to make the grid of the IC amplifier
{control tube) more negative., At the ‘same time, however, the nolise
‘at the"hoise amplifier and rectifier also increases.and produces

a higher-positive output from the noise rectifier.

These twe DC voltages, the negative‘ from the limiter and
:posi‘bive from the nolse rectifier , counteract each ot]_:ler and ;bhe
grid voltage at the DC amplifier ‘(cr control t;ube) remains con-
stant., Therefore, the squelloh operation is immm'l‘e_ to éupply vol-

tage variations.

Increases in noise voltage emtering the receiver.balance
out a2t the DC amplifier grid in much the same mamer, The higher
neise level at the limiter grid may increase the grid bias, but the
DC output from the nolse rectifier also increases and the voltage

at the DC contrcl tube grid remains constant.

. " Glamping

-

Basically clamping is a conditi‘on where the sqlielch of
the receiver' opens normally Wi'{}h the application of the carrier,but
as the operator at the transmitber talks into the mierphone the
squelch circuit in the recgi;rer closes ‘a:nd the message is nobt heard.
The squel.cil cj;r'cuit may remain in the Yelamp) condition for a long

as the incoming carrier is moduldted. Clamping may be the result
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of any of three different i:éctérs taking place within tha receiver.

-

We shall discuss each of these conditions separately. .

1. An incoming unmodulated carrier may be at threshold
1-evel of the receiver's'o that the squelch is open, but due to
the limited quieting produced at the limiters, some nolse rem2ins.
Lsgoon as the carrier is mdd‘&l‘ated, the carrier level is automebi-

cally reduced: (In modulating the transmitter, energy is taken from

the carrier and placed in .sidbande.)

Ls a result of the lower signal.level at the limiters,
there is less quieting and the noise increases &t the noise ampli-
fier and noise rectifier, The positive oubput from the noise rec-,

tifier increases and the receiver gossinto clamp, the squelech closes.

2, The second possibility of clamping in the receiver
resu-lts from the medulation of the transmitter by hign frequency
voice signals (“guch__as_ s_ss'f) which have a-strong high frequency
c;on;ponent. This looks l'ike noise to the receiver circnits and pro-
duc.es an ip-crease_gl_ ow_ltput from the noise rectifier. As a resulv the

receiver ¢ lamps ..

The remedy is to control the modulating signal at the trans-

i
- -

mitter by sme type of deviation control cireuit which limits aitoma-
tically the undesirable deviatioi’:s and high frequency canponents and

thereby eliminates this type of clamping.

* +3. " The third possibility of clamping comes about when

the incoming signal is overdeviated -~ again a factor to be conirolled’



- 102 -

at the transmitter, At the receiver, the sideband energy of the
overdeviated signal falls outside the acceptance of the audio
filter, and less energy reaches the limiters., With less'energy

applied; the limiters allow more noise into the noise section of

the squelct circuit and the receiver clamps. .

Anti~-Clamp EGircuit

The' anti-clasp circuit of figwe 16 has been dwveloped,

patented and used by Motorola in their communications receivers.

The coupling circuits from the discriminator to the noise
amplifier allows the upper volce signals as well as noise to reach
the grid of the noise amplifier. .Only the RF and the RC circuits

are in this path.

Nolse along, applied from the discriminator to the noise

 amplifier provides some clipping of the noise voltage peaks in the

plate circuit of the noise amplifier. This results in.a near maxi-

mum‘outpuf %oltage frem the stage. to the nolse rectifier, Wheh a

" modulated signal is received, voice signals reaching the noise am-

plifier drive the stage into full limiting.-

Two factors are responsiblé for this limiting action.
Fifst, the high frequency voice signals have a high amplitude and
Swing the noise amplifier to saturation and cutoff, That is on
positive peaks the volce signals drive the stage to saturation and

the negative peaks drive the grid far beyond cutoff. Second, the
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high frequel;tc—:-y voice frequencies are lower than the noisc fre-
qlle;mies -~ one cycle of voice energy lasts longer than one cycle

of noise., The noise a«;mplii‘ier is‘ held 1(5nger at cutoff and satura-
tion, The ‘time'iaeriods T;\11'1e1:1.noise can get through the stage are

Tery shoft.

. In review, a weak carrier just opens the squelch - we
understand when this weak transmibtter carrier is modulated, some
of the center freguency carrier power is diverted to the plus and
mims 15 KC medulation. This causes a slight r—ed:uction of center
frequency power:from tﬁe transmitter and would allow the squelch
to close duriné moduia‘bion'. As this condition could qnfl.y exist
during modulation, some of the upper modulati;n frequencies are
used to keep the noise amplifier outpult from increasing.. When
modulation is removed, 'cenfér frequency- continues tec keep the
squelch open.. Only when the carrier is remo%ed will the squelch

close.

m While the coupling capacitors r;tssociated Awit'h the
noise amplifier play an important role in p;ssing_certain frequen-
ciles, this is accoml-alished only in co‘n-junctio‘n with its associated
resistors. This should be kept in mind by the service-man making
any parts substitutions. —The value of these résistors as well as

The coupling capacitors are critical and must not be changed.

In other words, the rc ratio must remein unchanged. |
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Squelch Threshold and Squelch Setting

If the squelch does not open on weak signals the recelver
is effectively dead, even though the desired signal is available at
the first audio stage from the discriminator, For exampie, if tha
squelch does not open for signals weaker than cne microvolt, these
signals do not get through to the speaker. Thus, it can be seen
that the opening of the squelch determines to a2 considerable de-

gree the sensitivity of the receiver,

A well designed squelch cireuvit will open for siggals
well below the 20 db guieting sensitivity réting of the signal
circuits, aﬁd %he sguelch does not interfere with the operation
of the receiver, ﬁecause the weakest Signal producing any degree
of intelligence is thaf'which caugses about 3 or L db of quieting-

The squalch must be completely open for this-signal level coming

into the receiver.,
The opening of the squelch on the weak signals is
affected by the setting of the sguelch control, This cqntrol most
be adjusted so that, without a signal coming iﬁ, the receiver is
5ust quieted or squelcﬁed.- If the control is advanced still
further the signal requiréd £q reduce the conduction of this tube

must be stronger, and weak signals may not be heard.

Summary of Sguelch Qperation

Squelch is realized through the control of the first audio

amplifier DC grid bias. With the squelch closed, noise coming

-
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. inté the antenna or generated within the receiver cannot reach

the speaker., As soon as a signal comes in, the. squelch opens

and -allows normal reception’.

When the control tube is conductive, thé audio-:stage
is disabied. In ~rder to open the squelch, lthe pos‘i;ci.v-e roltage
due to noise is reduced and only negative. blas from the limiter
grid is present 2t the g-:r'id of the contx:o:.L stage. This high ne-
gative voltage, (not bez:ng :Bélanced out by positive voltage from

the DC rectif ier) will stop this control tube from conducting,

which in turn allows the audio stage to operate normally.

- The noise compensated squelch offers the advantage of
(1) making the circuit immune to noise pulses, (2) making

the action more positive for smll input signals, (3) providing

.for a quick opening response, and (L) making the squeleh eircuit

independant of the sugply variations. A&lso by applying higher
frequency voice signals from the discriminatar to the noise am~

plifier, the squelch cannot clamp (close) on weak signal inputs.

A

The Audio Amplifiers

The audao signal reaching the first audioc amplifier is
usually less than one volt, and another audio sta-gé is therefore

required to operate the speaker,

" A typical eircuit is shown in figure 16. Capacitor C-3

and resisterR-l fremthe deemphasis network, and the corrected
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eudio'voltage ds available across C-~3. The volume contrd parallel
to C~3 determines the amount of audio voltage applied to the grid
of the first audio amplifier. The bypass capacitor between the
plate load and the decoupling resistor prevents any noise present-
in the B‘ plus supply line from entering the audio section at this

point.

The second audio stage - the pow;.rer amplifier provides the
power needed to properly operate the speaker. The bypass capacitor
from plate to ground reduces the amplitude #f the higher audio fre-
»"guenciles above 3000 cycles., The circuit is guite étraiJght forward

except for 1ts bias arrangement,

& fixed bias For the power amplifier is obtained from the
grid circuit of the SGCO;ﬂd. limiter, With no signal present the
noisealone in the limiter provides an :;lppreciable amount of grid
leak bias + very little increase in bias is seen in this stage even
when a signal is received. (The limiter is already at saturation
- from the noise.)- Therefore, the second limiter biaé Temains rela-
- tively constant at all times and providr:as E;: ccl:;nvenient source of

fixed bias for the audio output stage.

The volume is controlled (figure 16) by varying the bias
‘of the first audio amplifier stage. As the volume is reduced to a
lower setting, the bias on the stage is increased and the signal
operates on a lower portion of the characbteristic curve. This means

- less amplification and a lower audio output,
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As this type volume control is adjusted to a low level
th-a audio stage operates on a lower portion of the characteristic
curve 2nd due to the ‘nonlinearity of the curve at the lower portion
strong audio inputs may be distorted. To mirimize this distortion,
the circuit is arranged in figure 16 sothat the limiter utput voltage
ig also reduced when the -volume controlis adjusted to a lower level.
This is accomplished by lowering the limiter plate and screen volt-
ages. This in tirn lowers the plate saturation lewel and produces
& lower limiter ou:tput voltage, resulting in a smaller audio volbage
from the discriminator. This lower audic signal does not operate
over as wide a portion of the characteristic curve and the distortion

is reduced.

Another qucuit necessarily affected.bf’%he“volume control
is the noise amplifier stage. The object here is to compensate for
the noise level available from the noise amplifier whén the receiver
is in squelch.: When the v'olume contral is set for a low 1e;ire1 of
audio output, under no signal conditions t.he noise frm the limiter
__wou]_.d also be reduced, If tha:.s_condi}bion weﬁt uncorrected, setting

the volume control would also require resetting the squelch control,

In reducing the cathode bias on the noise amplifier in
proportion to low welime control settings, the gain of sthe noise
amplifier stage is increased so that the same amount of noise reaches

the nedse rectifier regardless of volume control setting.
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NOTE: In figere 16 it will be deserved that there is an
auvdio volume control at the discriminator output., This control
is a maximum level control and in mobile unite is on the receiver
chassis. This contrélbelng set for the highest maximum desired
- by the radio technician, In the mobile, the volume control on
the  remote control head, controls the volume from zero to the
maximum allowed by the chassis mounted, discriminator output con-
trol. The control head, volume control affects the voltages of
three stages. (1) the bias of the first audio amplifier, (2)

" the plate and screen voltages of the second limiter and (3) the

cathode bias of the noise amplifier, - -

Important words used in.this Chapter

Clamping: A form of updesirable squelch action which
prevents the message frém reaching the speaker. Although the
squelch opens for the incoming unmodﬁiated carrier, it closes‘
again as soon as the carrier is mpduléted. This occu?s (1)

" when the unmodulaped carrie; ig ﬁeak and barely opeﬁé the squelcﬁ,
or (2) when the transmitter is overdeviated to the extent that
much of the sideband energy is bayond the bendpaSS of the receiver
tuned circuits. In either case clamplng is the result of the
reduced signal amplitude reaching the limiters when the carrier is

modulated,

r-

Closed Squelch: The condition in which the squelch has

operated to silence the receiver, Noise voltage cannot get through

%o the speaker.,
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. Noise Compensated Squelch: A circuit which ubilizes

.vhe noise voltages (normally present in the receiver without a

signal) to initiate and control the squelch operation. '
o & . - I . -

ng;en Squelch: The conditioh in which the squelch is

- . inoperative, with the result the receiver may work normally.

This condition is evident when a carrier is being received.
. . .. .

Sguelch: A eircult which disables the audio section in
- the a bsence of”a carrier. ' AS a result, the noise which is nor-
mally heard without a signal being received cannot reach the

speaker,

Squelch Threshold: The minimum setting of the squelch

] -

co_ntro_]_._ which will permit the siquelch to close., A weak signal

.at_the receiver input will -.open the squelch.‘

~

Maximum squelch or full om squelch: .The condition

caused by adjusting the squelch control fully-clockwise, pro-

'dicing an extremely high bias on the audio stage. . A weak signal

may not open the squelch there is a loss of receiver sensitivity.
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CHALPTER NINE

Before starting our discussion about receiver trouble
testing, we must be sure previous tests have been made which
definitely establish the receiver as the offending unit. That is,

we must be sure the power supply and the antenna system are normal ..

The specific procedure for trouble testing t:he receiver
will vary for each service problem; we may use one technique for
the receiver in the vehicle and anoi';her f‘or the receiver at the
base station, The mobile receiver is the'more common of the two

gso we shall start owr discussioﬁ with this unit.

The Mobile Receiver

The trouble iselation ghart in_-figure 17 will serve as a
useful step by step gride in tr;)ublae shooting the receiver., It lists
a number of possible troubles and suggests corrective procedures,

In this chapter we dssume the only test instrument awvailable is
the Motorela test set, We are also assuming that there is also

no carrier freyuency signal available for testing the recciver-
Audioc Test

The first step when Isoelating trouble in a receiver is
to turn the volume control full on and open the squelch fully
cognter—-clmkwise. A loud noise should be heard in the speaker.
If there is no sound, the fault is likely to be in the audio o
squelch sections of the receiver. We continue with procedure (2)

which is to the left in figure 17.
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Here we 1_158 the i\rgoto;‘_ola test set plugged\ into,the -I'E‘.C-e'i-
ver and ad,]us‘ted to measure the recelver ou'lrput {Position 8 with
tester PBSOL or pos:.tlon 11 on tester TU Shé ) We make two tests.
First, if the speaker circuit of the receiver is defective, we
Wwill now hear noise in the test set spesker. Second; the test
meter measures the Feceivedr owtpitt voltagé. Tets first assume
that the test set shows a reading and-a loud sound is heard in the
test set speaker.  We may ‘immedidtely assume thal the ‘speal.ce'r or
its circuit in the receiver is defective, If' the receivér is
mount ed in‘ t‘ﬁe trunk, the speaker is a separate unit which inter-
connects to tl'_le receiver "GilI‘O.'ngh the control head. .It :i_s likely
that the wiring is é‘iefegtive.. In same models the speaker wires
plug into the control head, and one of these connecticns may be
bad. If the trouble canhot be found through visual 'inspection it

may be necessé.ry to use’ an»ohmmeter" or’ a substitute speaker,

If there is neither noise from the speaker nor a reading
on the meter, the spéak:er circuit is probably good. We now pro-
ceed to 3, figure 17. Remove the noise rectifier tube in the
squelch section and listen for noise from the speaker. Removing
the noise ;'ectﬁ‘ier disables the squelch section of the receiver
and helps to further pinpoint the problem to either -i;he andio clr-
cuit or 'bhe_: squel‘ch circuit, If th’e .sq‘_uelch circuit is dei‘ect‘ive
(if the coupling capacitor between the noise amplifier and the
noisé rectifier is leaky), there will ‘be a consvant pos‘it:';_ve

valtage present at thé DG control tube grid and the squelch will
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remain ¢loseds If the squelch s to épen) the negative voltage
from the second limiter must be available and the positive vol-

E]

tage from the noise section must be removed.

If. there is.-still sound after the noise rectifier tubs
is removed, try new tvbes in the squelch section, procedure L.,
If there is no change in the operation, the fault is in the
cquelch circuits and the receiver must be Brought to the service

bench for more detailed. checks,

If there is no sound however, with the noise rectifis

tube removed, proceed to procedure 5 and replace, cne at a time.

the audio diseriminator and second iimiter tubes.

If any of these tubes correct the trouble, a2 high reise
~vel will be heard and the recelver may be checked for normal
iperation, If however, these tube replacements do not produce
any change, the receiver must be further tested on the serviqe

benc;ho
TF IF Tests

When the service man hears noise in the speaker «.ier
procedure 1, he :tmned:r_ately proceeds to 6 on i'lgure 17. Here he

takes read:l_ngs in positions 1,2,k4,5 and 6 on the test set.

If the reading at position 2 is low, (position 1 is nor-

mally low without a signal applied) the trouwble is either in the
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. OF ar 'I_F'stages. Thisl includes both oscillators and .mixers.

- Tt is not possible to iso;!_ate the trouble further within this
i 1arge section of the receiver by making additional tests with
the test set, so the best solubtion is to follow pr;acedure 7,
figure ]:?, Repilce tubes 'c;ne by one, nobing the change in ths

noise and in the meter féeidings, position 2 in particilar,

It is sometimes possible, by noting the changes in the
noise level, to isolate the %rouble within the entire front
end of the receiver, If upon removing the high freguency os-
cillator or mixer tube, the noise does not decrease, t}}e.trouble
is likely to be in that stage or the stage following. If the
noise changeé > fhe receiver is operating to some extent from this

point to the speaker but some stages may be weak,

If tube substitution restores the meter reading at
position 2 to near normal (anc_l: other )positions as well) we
may be reasonably sure that 'thg trouble has been found and
.corrected, ;It is necessary, however, to complettily"chegk the
receiver operation, This necessitates a complete check on

,-aligmment, particularly with a signal from the base station.

.‘If the readingsh taken at meter pesition 1 and 2 are
noé*mal',“we next check the reading at position 6, Although this
-réa;iing“ im:lio-aﬁr-as oscillator activity, the test set does not
actuazlly measure the injection voltage from the oscillator plate

circuit to the mixer. Besides, even if the reading at position 6
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is normal we camnotbe sure that the injection s:_f.gnal to Tthe
mixer is a2t the correct frejquency - the oscillator may be off

frequency and req uire alignment.

- If the reading at position & is too low, 'ﬁl:le next proce-
dure,. 8, is to try a new _oscilla‘tor tube. If the new tube does
not restore operation, a crySta;L known to be good should be tried.
If the readings are si‘jill too low 1t will probably be necessary
to rem;Jve tl-le receiver from the vehicle for bench service. It
'tl-'le reading at- p‘osition 6 returns to normal, the fault is

fal

corrected.

When analyzing the reading at meter positions i and 5
(the primary and secondary of th;e discrﬁMator) we have te take
into account the readings at position 1 a.nc‘i 2. If the reading
at position 5 is low, we must first make sure that the readings
in position 1 and 2 are near normal. If they.are not the _trouble
is in the circunits preceeding the limiters rather than in the
- ljmi;r,é:r or discriminator circuits. Therefore, we are concerned
with low reading at position' 5 ‘only when position 1 and 2 are
near .normal. If position 5 is still low, we should try new tubes
in the limiter.and discriminator stdges (procedure 9 in figure 17).
If the rea‘d;ngs remain low, either the receiver r;equires alignment
or there:is some other trouble for which it may be necessary to

remove the receiver for bench service,
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The reading at position hlshould norn_lally be close to
zero, When only noige is present the idling of position 4 should
be within two s:a:le divisions of %ero on the test meter, ‘I:E‘ the
“reading-at position LI is not zero (with no channkl signal applied),
it is possible that the low or high freguency IF section requires
retuning, Also a strong signal on some nearty chamel may pro-

duce "noise", causing the discriminator naise idle to’swing off zero.

When the reading at position 1, 2, h, and 5 are normal
the trouble may be due either to off‘ channe]'. operation of the
receiver or low sensitivity in the receiver front end. For off
channel operation we may fnllow the suggestion under Figure 17
reading at position 6 block. For low sensitivity follow the

suggestions of procedure 7.

Using a sipgnal for Iscolaticn of Trouble

ﬂ.

When a signal on channel frequency is available, it is
often easy to determine the trouble more guickly and with greater
& . . 3

reliability.,

n. - [

In general, we should start our trouble shooting (checking)
in the same manner as recommended in the chart of figure'l7, Unless
there is some noise in the speaker there is no need for' the channel
signal, We alteady know that the trouble is liﬁely te be in the
audio or squelch cireuit, Also the redding in positicn & should

be normal, for without the high frequency oscillator working
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properly there would be no hetrodyning action and therefore no

If to measure or to cause noise quieting.

Assuming then, we have éstablished the ﬁfesence of noise
in the speaker .and that we have obtained a normal reading at test
set positien 6, we may now check any charge in the readings at
position 1, 2, L and 5, withrthe signal applied, It is also
important to note any change of noise heard in the speaker when

the signel is applied.

Unless the readings-in positions 1 and 2 show a rea-
sonable increase {with signal) and the noise decreases relative
to the applied signal strength the trouble is in the RF or IF
secbions. Figure 18 is the trouble isoletion chart that we can

use when a channel signal is available,

Position b may show no change, read zero on signal, or
swing away from zero, if .there is no change in the readin'g and
there is very little noise quieting, the treuble is in ”o.he Timiter
er discriminater stage, try replacing tubes, If this does not
correct the trouble, the receiver probably requires further servic-
ing with additional test equipment. If the reading swings away fror-n
zero when the signal is applied, the high frequency oscillator is
off frequency and may be readjusted so reading is zero, (Be Bure
first, that the discriminator reads zero with a 155 KC signal,)

If the reading shows zero with the signal applied, the oseillator
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frequency is correct. .The trouble, iy any, is either in the RF

or the IF stages. See the suggestions of procedure 7 figure 17.

i
[

Alignment

While general alignment procedures can only be given forx
specific receivers, we shall, in this chaptsr, usé the motorola

Treceiter.

The following eguipment will be required to align the

© receiver:

(1) A Motorela test set includipe a 'LLSS XC crystal L

(2) A known source of signal at the c}\lannel frequency

{3) A frequency meter of acceptable accuracy and
stability. (This frequency meter to verify the correct. signsl

generator frequency.)

The first step is £o align the circuits tuned to the lasv
IF frequency, .55 KG. This requires the test set and a LS55 KC
crystal. The LS55 KC signal is applied to the grid of the first
stage of the second IF amplifiers. A shorting wire is connected
. across bthe secondary terminals of the discriminator transformer
" with the test set swpplying the 155 KC signal, the Uprimary" of
the discriminator transformer is adjusted to maximum at meterposition
. (This adjustment.is made from the bottom of the chas sis.)

After completing this adjustment the lack nut is secured and the
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secondary shorting wiré is removed, Once this adjustment has been
made it is not likely that a readjustment will be required for

some time.

The next step is to twe the disqrminator‘secondary
transformer, (Be sure the shorting wire has been removed, )
Switch the test set to position L and with a signal, adjust the
discriminator to a zero sebtting, The secondary is adjusted from

the top of the discriminator transfommer asseﬁbly.

The remaining 455 KC adjustments are in the second IF
plate circuits. (Position two). The 8ignal is loosely coupled
to the input of the filter which is just ahead of the second IF
-stages. The apdlied signal is kept low so the peaking adjustments
are-linear, ITf the'appl'ied signal is too strong the'circuits will
be saturated, in which case the test set'meter, during adjustment,

will show little or no increase.

The nekt Step is to tune the first IF.," (12 megacycle TF)
The 12 mc IF frequency is supplied by the signal generator,
First the signal génerator is coupled to the grid of the first IF
and the 3 tank circuits are tuned to meximum oF meter poéit ion 2.
Next the signal generator is moved to thd -grid of the first mixer
stage and these three tank circuits bre also tuned to méximum at
meter position 2, To verify that the frequency of the signal is

exactly at 12 megacycles the“test set can be set on position L and
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the meter will indicate zero 1f 'bhe sn_gnal generator is exactly at
12 megacycles If not, sllght adaustment of the Usignal generator!
will make the prop‘er ‘zero indication. It is good practice to check
the signal generator against the zero discriminator readin‘g £rom
time to time as it is possible for a signal generator to drift
sli.gh‘tly,.especially Lf it has not been oa for a long enough time
for it to be at operating temperature. If it is f'c;und that the
signal generator has drifted it is simple to check The previcus

adjustments after reseting the signal generator,

- .~ 'This completes the low and high freguency IF alignments
of the receiver. All that remains are the o'scillatof', multiplier

and BF circults.

With no signal applied and the test meter in position 6
the_@ﬁcil_l&tq::’ tank circuit is adjusted for maximum ou.‘c',pl:d:;= First,
however, it is dimportant to set the fréquency"control trMer,
capacitor so that the tuning slot is parallel to ’c.he‘ chassis.

This plgces the oscillator. close enough to its correct f;”eqﬁency
so that the circuits will be adjusted to maximum even if a sﬁéﬁt

change of frequency becomes necessary.

After adjﬁs:ting the oscillator for maximum output the
signal generator 'is set to the channel frequency and applied 1o
the anterna input.

With. the test meter on position 2 the freciuency' rrfultiplier

is adjusted for maximum output.: -With the signal generé.tér =
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. and the test mebter unchanged, RF and artenna coils are also ad-

justed For maximum reading at the test set meter.

The receiver ;'LS finally adjusted for the exact chamel
lfrequenqy. This can be done by setting the test mete:; to position
L4 and having the baée station transmit the channel frequency. The
oscillator trimmer is acijusted so the position I (diseriminator

secondary) reads zero, This is called "netting,

iIf.the radio shop is equipped with a good crystal con-~
trolled frequency monitor, any signal generator can be varified
against this monitor, and as the frequency (ﬁ‘ the signal generator

is varified, it can be used for final adjustment of the receiver.

_ After the receiver has been "netted" to the base station
transmitter it shouldbe checkqd-l for "noise balance'. Effeective
rioise balance can be realized only ‘after the receiver has been
"netted" to the carrier it is to receive. This requires the
receiver to l.)e installed in the vehicle., The vehicle motor is left
runring while a signal at channel frequency 1is received from the
base st'ation .- This signal should hgve no background noise. If
there is ignition noisle the first stage of the low or second IF
may be returned for a reduction of ignition noise, In making this
adjustment it is most important to observe the meter reading at
position 2, which must not decrease more than one half microamp

{half scale division on the meter). If the above procedure is un-

satisfactory, the first IF plate tuning coil can be slightly read-
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justed. It must be considered however, that this.procedure may cause
detuning of the circuit so it is important to watch the test meter
closely while making this adjustment. The first IF drops off either
side of resonance quite sharply so extra care must be used if this

adjustment is used for UYnoise balancel,

Unless the "noise balance" is made for the exach carrier
frequency to be received, it will not be effective when the receiver
is put into actusl operation. Furthermore, when the correct noise
adjustment is realized, the idling of position I on the test meter,
without a signal should rest within one or itwo microamps of ZErO.
This means the discriminator balance for noise input should be nob
more than one or two marks of mero on the test meter position ki when

the signhal is removed.

"Sensitivity Check

[}
When the receiver has been aligned or any general service
has been performed, a sensitivity check should follow, in order to

make sure the receiver will work satisfactorily.

A sensitivity check requires a good guality signal generator
with a calibrated output indicator. (Thg quieting sensitivity of a
receiver is the amount of RF signal req uired at the receiver imput
in order 1o reduce the receiver noise by 20 db.) The squelch control
is turned completely counter clockwise to open the squelch circuit.

With the P850L test meter plugged into the receiver. The signal gener-

ator is comected to the receiver antermma cormnector through a 6 dn
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50 ohm pad and placed on thamnnel frequency by switching the test
"meter to posi%ion L. The signai generatcr fr:eciuency is adjusted
“so that the test meter inditates zero- now the test 'r-n‘e'i:.er is turned
© bo i:)osition 8 arid the receiver volumn is a.d;ra'nced to make the nolee

indicate 10 on the test meter with the s'ignal generator at zern

output. The si‘gnal generator output is nov advanced until the
noise output is reduced until the test meter indicates that one
tenth of the noise _vo]__tage is presez_rb in the output, The micro-
volt input to the receiver to produce this 10 to 1 reduction of

’noiSe in the receiver is the amount of signal indicated at the
) sigqal generator, in microvolts, that is necessary to reduce the

receiver nolse by ?.O db., This value Shf)lf_lld be checked against the

receiver specifications., (Some receiver specifications are: One

half microvolt input for 20 db quieting.)

- _—

Discriminator Response Curve

. .One of the most important factors in _Securing clarity
of the message r?l?roc_luced by the s%ealcer is for the discriminator
"recovery s lope" to te linear over the deviation limits of bhe
system, This subjéct was discudsed in an earlier chapter dealing

with discriminator action, ThHe discriminator response curve must

" be linear over a frequency range-grea‘ber “than the deviation employed

-
-

bjr the system and in general this linearity is one and one half or
* two {imes that of the deviation, This allows for some shift in’
" the dneoming TF signal and also allows for a slightly off tuned

discriminator secondary.
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The linearity of the audio recovery can be determined with
the test get, using erystels 15 ke above and 15 ke below the center
frequency of the last IF, (In our past examples we used a second

IF center freguency of 455 KC. Under this condition the twe cry-

stals would be hhO XC and L70 KC.)

Each kilocycle of deviation in a 15 KC deviation system
should produce approximately one volt a't: the .disn;;'iminator out -
put, at 15 KC from center frequency the discriminator output
should be at least 15 volts. Ey comparing the c;u.t.pu't at 15 KC
above center frequency and 15 KC below‘cen’c;er , the linearity of
the discriminator will be known., A 10 percent variation of the
output voltages is permissible, but any greater difference re-
presehts noticeable distort:.i.on. Tf.thése two tests are not within
" 10 iaerc:ent of béing equal, recheck the alignment of the discriminator
Iirimar:,r, the “secondary and the last IF section. These voltage
checks are made at full discrimindtor output, not at the input

"to the first audio stage,

Where the DG type volume control is used, the output of
the sécond limiter will be contrdlled to scme extent Ly the setting
of this control, For an accurate check , therefore, the vdlume

control must be set temporarily at maximum,
Oscilletion

In a two way communications receiver unwanted osciliation

may take place without the operator or serviceman being aware of
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the fact, Oscillations in an undesired stage or section of a
receiver is thus a. problem which must be recognized by the service-

mail.

v

Oscilldtion mey have various effects upon the receiver,
depending upon the strengtﬂ-af*the oscillation and where it is
taking place, One of the most common effects is a2 éartial guiet-
ing of noise usually heard in the speaker when the receiver is not
squelched. The oscillation acts like a signal iﬂ the limitefs,
redu;ing the noise. Following this nolse reduction i£ c;n Be -
Qxﬁected the noise.}evel-to be so low the squelch circuit would
be’qnable‘to'sque}ch.the receiver,’ )

It is a éharéc%ériétic.éf.most unwanted oscillations that
they -produce higher than norﬁglfreédings for the limiter grid cir-
ciits 4nd the discrimnator primary. ﬁoreover, the diseriminator
secondary may be ﬁhll‘écaie in either direction rathe£ than near
ZEero, and_alignmént aﬁjustm2n£ may be critical and eratic.

Trouble checking such as "tube pulling" and "grid
grounding" nsually show which stage is oscillating., Oscillabions
usually occur in the Rf,géction of thg receiver or the last IF
gecticn, and pulliﬁg the frén; end (RFS.tgbes will.usually indi-

cate which of these two sections are the offender.

~
R

Common cause of oscillation are open bypass capacitors,

broken ground leaks, coupling capacitors out of pésition (away
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from the chassis instead of close to the chassis) ungrounded
Shields, and excessive supply voltages. The oscillating section
can of ten be found by “ringing the hand close to the suspected
section (under the chassis) and noting the chaﬁge in the meter

readings, or in the sound from the speaker,

One type receiver and associated test equipment is
mentioned in this and other chapters because any attempt to des-
cribe all the different types with their variations would be con-
fusing. However, this one type does illustrate the principals
involved and any variation incorporated in other types are fully

described in their service manuvals,
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