


















































































































































































































































































TRANSMITTER MAINTENANCE TECHNIQUES 
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Figure 1 1  8. Equipment Setup for Measurement of 
Sideband Suppression. 

The trimmer adjustments associated with some 
types of crystal-lattice filters should not be altered 
by maintenance personnel in the field. If all ather 
attempts at alignment of a transmitter fail, and 
it is assumed that the trimmer adjustments have 
been tampered with, only then should an attempt 
be made to adjust these trimmers. Even under 
these circumstances only highly skilled technicians 
having a thorough understanding of crystal filters, 
and working at activities that have the proper 
test equipment, should attempt adjustment of 
these filters. 

The importance of the sideband filters in regard 
to the over-all frequency response and proper per­
formance of a single-sideband transmitter cannot 
be stressed too strongly. Therefore, strict adher­
ence to the manufacturer's instructions concern­
ing the sideband filters used in his equipment is 
essential. 

SIDEBAND SUPPRESSION 

By using an oscilloscope and an audio oscillator, 
it is possible to closely approximate the amount 
of undesired sideband suppression. In . this pro­
cedure (figure 118)  a single-tone signal (usually 
1000 cps ) from the audio oscillator is applied to 
the SSB exciter under test, with the output wave­
form of the exciter being observed on the oscillo­
scope. If the exciter is operating properly, a 
single-tone input will produce a single-frequency 
output from the exciter, and the output waveform 
will be similar in appearance to a normal unmodu­
lated carrier ( figure 119A) . If the SSB exciter 
is not operating properly, multiple frequencies 
will be present in the output, and the waveform 
observed on the oscilloscope will have the appear­
ance of an amplitude-modulated carrier (figure 
119B ) .  The shape of the multiple-frequency en­
velope will depend upon the number and relative 
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amplitudes of the separate frequencies that are 
present. / 

Assuming that the observed signal has the ap­
pearance of figure 119B, the suppression ratio 
between the desired and undesired sidebands can 
be expressed as : 

A + B  
Suppression Ratio ( db) = 20 log 

A _ B 

If more than one audio signal is applied (because 
of the presence of distortion in the audio amplifier 
or input signal) ,  the envelope waveshape will be 
highly complex. However, a relative approxima­
tion of the sideband suppression will be possible 
if the input signal is maintained at a low level to 
avoid excessive distortion. The r-f carrier must 
also be sufficiently suppressed to prevent it from 
appearing in the output and further complicating 
the output waveform. The amount of undesired 
sideband suppression should be approximately 35 
to 40 db for proper operation of the system. 

GAIN OF l-F CIRCUITS 
Generally speaking, testing the gain of the 1-f 

section of an SSB transmitter provides a means 
for determining the gain of the circuits between 
the input to the transmitter and the m-f circuits. 
The exact procedure used in making this test will 

A. P R O P E R  OPERAT I O N  8. I NCOMPLETE  S I DE BAN D 
OF SSB E X C I TE R ,  S UPPRESS I O N  

IND ICAT I N G  COM PLET E 51 D EBAN D  SUPPRES -
S I O N  
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Figure 1 1 9. Waveforms Observed During Measurement 
of Sideband Suppression. 

vary for different equipment designs and applica­
tions. However, the over-all procedure used is 
basically the same for all types of equipment. 

In order to test these circuits properly, it is 
necessary to allow a few minutes for the equip­
ment to warm-up after power is applied. To pre­
vent any signal from being transmitted while 
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TRANSMinER MAINTENANCE TECHNIQUES 

making this test, either the m-f or h-f heterodyne 
oscillators should be disabled. This can be done 
by removing the crystal corresponding to the 
carrier frequency being used ; or if the oscillator 
does not use crystals, the circuit can easily be dis­
abled by removing tube from its socket. 

After one of the oscillators has been disabled, 
and the equipment has warmed-up sufficiently, the 
operating voltages of the 1-f circuits should be 
checked with an accurate and reliable voltmeter­
preferably a vtvm. The next step is to apply a 
test tone (usually 1000 cps) to the transmitter 
input. The source of this test tone may be the 
distortion measuring equipment ( if available) or 
an external audio oscillator possessing good ac­
curacy and stability. The gain of the 1-f circuits 
and, in particular, the level of the r-f carrier ap­
plied to the 1-f balanced modulator should then be 
adjusted ·to obtain the proper readings on the test 
instruments, as recommended by the manufac­
turer. For example, if the level of the audio input 
signal is not kept within the proper ratio to the 
100-kc r-f carrier oscillator signal voltage, the 
balanced modulator may produce a sideband sig­
nal with the carrier signal not suppressed by the 
proper amount, and may also produce excessive 
distortion and h}gh noise levels. In the amplifiers 
preceding the m-f and h-f mixers, the gain must 
be controlled so that the signal-to-oscillator injec­
tion voltage ratio is of the proper value to insure 
linear mixer operation, low noise levels, and mini­
mum spurious products. 

Some procedures use voltmeters to measure the 
signal voltage, while others use ammeters to meas­
ure grid and plate current in the 1-f circuits. Re­
gardless of the method used, the test should 
always be made according to the recommended 
procedure and specifications. Upon completion of 
the test, care should be taken to replace the crystal 
or tube removed from the equipment at the be­
ginning of the test. 

DISTORTION IN SSB TRANSMITTERS 
An important requirement of SSE systems is 

low intermodulation distortion. In such systems 
the linear power amplifiers are the main source 
of this form of distortion. Usually the distortion 
caused by the even-order products (2nd, 4th, etc) 
are sufficiently removed from the desired signal 
that normal tuning will eliminate them. Most of 
the intermodulation distortion in the linear ampli'­
fiers is caused by the odd-order products (3rd, 
5th, etc) that fall in or near the desired frequen­
cies. Of equal importance are the distortion prod­
ucts that fall outside the assigned SSE channel, 
because these products may cause interference in 
the reception of weak signals in equipment oper­
ating on the adjacent channel. 

A form of distortiOn- peculiar to phase-shift 

SSE transmitters is called "post-phasing distor­
tion." This form of distortion is caused by har­
monics generated in the audio amplifiers following 
the audio phase-difference networks. and by im­
proper adjustment-o! tlre balanced modulators. 
When the signals (including the harmonics) from 
the two audio amplifiers are applied to the bal­
anced modulators, the distortion products will not 
be in the correct phase to be cancelled in the out­
put · circuit of the modulators. Spec�fically, the 
third-order products will cause a single-sideband 
signal to be present on the undesired side of the 
suppressed carrier ; · the fifth-order products will 
cause distortion to be present in the desired side­
band ; and all even-order products will be trans­
mitted as double-sideband signals with no carrier. 
If the carrier is not completely l;lalanced and 
appears in the output, phase modulation, as well 
as amplitude modulation, will result. 

Proper choice of tube characteristics and oper­
ating conditions by the circuit designer can keep 
the distortion products to a minimum. Although 
the maintenance technician has no control over 
these factors, he can insure that the distortion is 
kept low by observing proper maintenance pro­
cedures. These procedures include proper adjust­
ment of element voltages, balance controls, and 
neutralizing controls, and proper replacing of 
shields, shielded leads, and feed-through capaci­
tors. 

TWO-TONE TEST SIGNAL 

The most widely used method of testing SSB 
transmitters is the Jwo-tone test. This test in­
volves the application of two separate tone sig­
nals to the input of a system or circuit and observ­
ing of the results on an oscillQSC.OPe, spectrum 
analyzer�--��....o-ther indicating device�--The 
twoTOn.es should be equal in amplitude and have 
a difference in frequency of about 1000 cps, in 
order to achieve the results desired from the test. 
Typical examples of two-tone test waveforms are 
illustrated in figure 120. 

The sources of the test tones can be either r-f 
signal generators or audio oscillators, whichever 
are applicable to the test being performed. In 
filter-system transmitters, the two-tone test sig­
nals can sometimes be obtained by applying a 

· 1000-cps audio tone to the transmitter input and 
slightly unbalancing the 1-f balanced modulator 
to allow a portion of the carrier to "feed­
through." A similar method of obtaining the two 
tones can be used in phase-shift-system SSE 
transmitters. In these applications it is only nec­
essary to disable one of the balanced modulators, 
instead of unbalancing the circu·it. When these 
methods are used, care should be exercised to 
insure that the amplitudes of the two tones are 
maintained constant. Upon eompletion of the two-
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Figure 1 20. Examples of Ideal Two-Tone Test Waveforms. 

tone test (using these methods) , the carrier bal­
ance should be re-set and checked to insure that 
it is at the proper point for operation of the 
equipment. 

SIGNAL-TO-DISTORTION RATIO 
The signal-to-distortion ratio, given in db, is 

the ratio of the amplitude of one test tone to the 
amplitude of the third-order product, and is 
usually determined by using the two-tone test. 
Although present designs of linear amplifiers can 
produce signal-to-distortion ratios of approxi­
mately 35 to 40 db, lower over-all system distor­
tion values can be obtained by using same form 
of distortion cancellation, such as r-f feedback. 
Since the principal causes of distortion in linear 
amplifiers are non-linearity and grid-current load-

ing, care must be exercised to insure that the 
linear amplifiers are not overdriven in SSB 
systems. 

The signal-to-distortion measurement can be 
made by applying the two tones (at the same 
level) to the input of the transmitter (figure 121)  
and measuring both the direct output level and 
the level of the intermodulation products obtained 
through a bandpass filter and voice-frequency 
amplifier connected to the monitor output. Since 
the method of connecting the test equipment will 
vary for different system applications, the manu­
facturer's publications should be consulted for 
each individual system. 

SIGNAL-TO-NOISE RATIO 

The signal-to-noise ratio, usually given in db, 
is defined as the value of the signal to the value 
of the noise in a particular application, and is 
generally a function of the bandwidth of the over­
all transmitting system. In cases where impulse 
noise is to be measured, the ratio is usually ex­
pressed in terms of peak values, i.e., peak-signal 
to peak-noise ratio. In random noise measure­
ments, rms values are generally used (root-mean­
square signal to root-mean-square noise ratio) .  

To determine the signal-to-noise ratio of a sys­
tem, it is necessary to measure the output of the 
system, using an output indicator, both with and 
without a test tone. Low-level test signals are 
generally used in making this test so that proper 
demodulation of the signal can be performed by 
the output meter. The signal-to-noise ratio is 
usually expressed in db with respect to the peak 
envelope power of the transmitter. However, in 
all cases the equipment handbook should be con-

)!, // ' /" ' / , _ 

{,/, ' \�/r �'It · { , 

. . .  "low level signals are generally used in making this test--" 
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Figure 1 2 1 .  Equipment Setup for Measurement of Signal-to-Distortion Ratio, Using the Two-Tone Test. 

suited for the exact procedure to use in checking 
a particular system. 

AUDIO FREQUENCY RESPONSE 

Frequency response is defined as the range of 
frequencies passed with a specified allowable loss 
by a system or circuit. In SSB transmitters the 
frequency response is primarily determined by 
the insertion-loss and frequency characteristics 
of the sideband filters associated with the I-f bal­
anced modulator. Proper impedance-matching of 
the sideband filter input and output to the asso­
ciated circuit is also an important factor in de­
termining the over-all system frequency response. 

The methods of measuring the a-f response of 
SSB systems are similar to those used in present 
AM applications. One method is to apply constant­
level input signals at different frequencies in the 
range to be covered and measure the output sig­
nal levels for each frequency. Another method is 
to measure the levels of the input signals at dif­
ferent frequencies in the required range that give 
a constant output signal level. The usual require­
ment is that response should be fairly constant 
over most of the desired band of frequencies to 
be passed. The exact procedure for making this 
test will vary for different equipments. There­
fore, it is recommended that the equipment test 
procedures outlined in applicable publications be 
observed at all times. 

TRANSMinER POWER OUTPUT 

There is a direct relationship between the maxi­
mum power output of a transmitter and the 
amount of distortion that is permissible in the 

system. For this reason, the power output rating 
of a transmitter is usually given in terms of the 
maximum power that can be delivered with re­
spect to a specified amount of distortion that can 
be tolerated. If no value of distortion is specified, 
it is understood that the distortion will be kept 
within limits considered to be acceptable for the 
system. The direct relationship, as well as the 
importance of this relationship, between the 
transmitter power output and permissible distor­
tion should not be overlooked when considering 
the power output of a transmitter. 

The power output of an SSB transmitter is 
usually given in terms of peak-envelope power 
( PEP ) , with this term being defined as the r-m-s 
power developed during the peak r-f cycle. Peak­
envelope power is equal to the sum of the ampli­
tudes of the sideband components and the pilot 
carrier. The measurement of PEP is usually made 
using the two-tone test procedure with the carrier 
turned "on". During the two-tone test, the PEP 
occurs when the peaks of the two tones are in 
coincidence. 

One method of measuring the peak-envelope 
power of an SSB transmitter is shown in figure 
122. In this method, the peak voltage ( Ep) of the 
two-tone test signal developed across a resistive 
load is observed and measured on an oscilloscope. 
Since power is equal to the voltage squared divided 
by the resistance, the PEP can be calculated in 
the following manner : 

PEP = ( .707 Ep) z 

RL 

If the voltage developed across the load resistor 
( Ed is measured on a vtvm that is calibrated in 
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r-m-s volts, the PEP can be calculated as follows : 

PEP = 
(Ed 2 

RL 

It is well to keep in mind that the peak-envelope 
power rating is given in r-m-s values ; hence, all 
such calculations must be in terms of r-m-s volts. 

Another rating sometimes given to SSB trans­
mitters is called "peak-sideband power" ( PSP) . 
Peak-sideband power is similar to peak-envelope 
power except that the measurement of this power 
term is made with the carrier turned "off" ; i.e., 
all the transmitter power is applied to the side­
bands and none is applied to the carrier. 

"Talking power" is a term often used in refer­
ence to SSB transmitters. Talking power is de­
fined as ·the portion of the transmitter output 
power that carries the intelligence of the message. 
Since only the desired sideband is radiated in 

. .  SSSC systems, the talking power and peak-side­
band power of such systems are closely related. 
As the carrier suppression increases, the amount 
of available sideband power (and the talking 
power) will increase. If the carrier is suppressed 
completely, the total output energy of the trans­
mitter will be applied to the sideband signal. The 
importance of complete carrier suppression in 
SSSC systems can now be. appreciated. 

MONITORING AND TESTING OF SSB 
TRANSMinERS 

Transmitter monitoring simply means the 

AUD IO  
OS C I LLATOR 

I 
O U T ;> . 

S S B  
C o M B I N I NG T RA N S M I T TER 

checking of a transmitter to determine the quality 
of its transmission. Some transmitters have sepa­
rate monitor panels or units built into the system, 
to provide a continuous check of the transmitter 
while it is in operation. The monitor panel, or 
unit, samples voltages or currents at different 
points in the transmitter to ascertain that particu­
lar circuits are functioning properly. Monitoring 
of a portion of the transmitter output signal ( or 
specific circuits ) by using an oscilloscope can give 
a visual indication of the transmitter perform­
ance. 

The methods used to monitor AM transmitters 
are well known to most maintenance personnel. 
These same methods, to a great extent, can be 
applied to SSB systems. The main differences are 
in the type of waveforms observed on the oscillo­
scope and in the interpretation of these wave­
forms. In . all cases, however, the procedures 
recommended by the equipment manufacturer 
should be closely followed where available. 

Since the linear amplifiers in SSB transmitters 
produce most of the distortion in such systems, a 
constant check should be maintained on the linear­
ity of these circuits. An oscilloscope properly con­
nected to the input and output of the linear ampli­
fier is a simple means of performing this check. 
One method of connecting the oscilloscope to the 
circuit is illustrated in figure 123. For proper 
indications using this method, care should be 
taken to insure that the connections are made 
properly and that sufficient deflection voltage is 
applied to the deflection plates. To prevent dam-
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Figure 1 22 .  Equipment Setup for Measuring Peak-Envelope Power, Using the Two-Tone Test. 
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Figure 1 23.  Equipment Setup for Monitoring a 
Linear Amplifier with an Oscilloscope. 

age to the test equipment, it is important to ob­
serve all precautions pertaining to the use and 
operation of oscilloscopes in circuits where high 
voltages are present. 

The waveforms illustrated in figure 124 are 
typical examples of the indications that may be 
expected when a linear amplifier is monitored 
using an oscilloscope. The waveforms indicated 
are those that can be expected when using a single 
tone ( including the inserted carrier) .  

Figure 124A shows the waveform presented 
when perfect linearity exists between the input 
and output of the linear amplifier. 

Figure 124B indicates a phase shift between 
the input and output signals. Although a phase 
difference of 180 degrees between the two signals 
is understood, any deviation from thi� value would 
give a pattern similar to this. This pattern may 
sometimes appear during initial adjustment of the 

- �  oscilloscope and may not necessarily be the fault 
of the transmitter. In this case, different R-C 
combinations across one set of the oscilloscope 

plates should be tried until the desired waveform 
is obtained. 

Figure 124C indicates peak limiting caused by 
too much grid drive or not enough amplifier 
loading. 

Figure 124D indicates too much grid bias or 
operation of the amplifier on an improper portion 
of its operating curve. 

Figure 124E indicates a combination of the 
effects noted in figures 124C and D. 

When the linear power amplifiers are monitored 
or tested using the two-tone test method perfect 
linearity is indicated by the waveform in figure 
125A. Some typical distorted waveforms and their 
causes are illustrated in the remaining portions 
of figure 125. The ideal waveform is illustrated by 
the dotted out.lir � in these examples. 

A form of test pattern peculiar only to phase­
shift SSE transmitters is the double trapezoidal 
pattern. This pattern is obtained by disabling the 
input to one of the balanced modulators in the 
phase-shift transmitter and making connections 
as indicated in figure 126. These connections are 
similar to those made in AM systems to obtain the 
single trapezoidal pattern used to measure modu­
lation percentage in those systems. The oscillo­
scope vertical input can be connected to any point 
in the m-f or h-f circuits. The individual triangles 
should have the same characteristics as the regu­
lar single trapezoidal pattern ; that is, straight 
sloping sides to indicate proper circuit operation. 
Double-trapezoid patterns indicating some typical 
troubles in phase-shift transmitters are shown in 
figure 127. 

The importance of utilizing the manufacturer's 
publications, data, and procedures in all mainte­
nance, testing, and monitoring of electronic equip­
ment cannot be stressed too strongly. Even with 
such information on hand, the degree of mainte­
nance of such equipment depends directly upon 
the skill of the maintenance technician in the 
proper use of this information and the proper use 
of the test equipment provided. 
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Figure 1 24. Typical Waveforms Observed when Monitoring a Linear Amplifier with an Oscilloscope. 
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Figure 1 25. Waveforms Observed on an Oscilloscope when Monitoring a Linear Amplifier, Using the Two-Tone Test. 
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Figure 1 27. Double-Trapezoid Waveforms Observed During 
Phase-Shift SSB Transmitter Testing. 
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RECEIVER MAINTENANCE 
TECHNIQUES 

GENERAL 
Quality and precisiOn may be built into a re­

ceiver, through careful design practices and con­
trolled manufacturing. The quality, to a large ex­
tent, determines the ability to retain this precision 
for an expected period of time. Beyond this point, 
only proper maintenance can insure the original 
performance of the equipment. 

Proper maintenance of single-sideband and 
exalted-carrier receivers should. include the use of 
test equipment designed for the purpose, when 
possible, or test equipment with an accuracy equal 
to, or better than, the accuracy to be maintained 
in the receiver. The quality of the results of main­
tenance can never exceed the degree of skill and 
accuracy with which the maintenance is per­
formed, · regardless of the quality of the receiver 
or the test equipment used. It is important, there­
fore, that this maintenance be performed by com­
petent techniCians with an understanding of the 
equipment involved. 

RECEIVER ALIGNMENT 
Sensitivity and selectivity may be

· 
affected in 

alignment of all types of receivers. As receivers 
become more complex, alignment becomes more 
of a problem. In AM receivers using conventional 
full-carrier signals, improper alignment may re­
sult in loss of weak signals, through loss of sensi­
tivity, and the ability to select the desired ,signal 
may be impaired� If the oscillator is shifted off 
frequency, dial error will be introduced ; and 
tracking error produces a varying intermediate 
frequency, which results in loss of signal over por­
tions of the frequency range of the receiver. In 
FM receivers the discriminator tuning becomes 
somewhat critical, and in PM receivers, phasing 
of the carrier must be correct, addingto the align­
ment problem. When ave and afc are added to a 
receiver, · proper alignment procedures must be 
followed, or serious errors may be introduced. 
When multiple conversion is incorporated in the 
receiver, with two or more heterodyne oscillators, 
additional variables are introduced, further com­
plicating alignment. 

In equipment employing crystals, as either ref­
erence generators, oscillators or filters, the align­
ment must center around the crystals, since the 
frequencies of crystals are not variable. 

All of these factors must be considered in the 
alignment of single-sideband receivers. In addi­
tion, the oscillator frequencies must be precisely 
adjusted, because demodulation is directly af­
fected by the oscillator frequency and any asso­
ciated error. Filters must also be considered, 
since these affect the bandpass and rejection of 
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undesired frequencies. Most of the advantages 
of single-sideband reception depend on the use 
of these filters. Some of the more important con­
siderations will be discussed in the following para­
graphs. Because of the wide variation in circuitry 
and layout, actual procedures and alignment 
specifications must be obtained . from manufac­
turer's data for the particular equipment involved. 

Test Equipment Requirements 

Two very important factors must be borne in 
mind in the choice of test equipment for main­
tenance or adjustment of SSB receivers : ( 1 )  the 
close tolerance to which the oscillator frequencies 
must be held, �md (2)  the sharp edges of band­
pass which must :n :; ( be defeated. 

Signal generators i>ed kr single-sideband 
applications are prestnUy ;'l. ' .: i.wble. Such a gen­
erator should include a single-sideband output sig­
nal, with provision fc; ei \-1 · cer upper or lower side­
band, or both. It should aL\·J include a carrier � .,J.t­
put, with variable (or selectable) frequency and 
level, both of which should be accurateiy cali­
brated. Alternate methods of alignment, llding 
available signal generators can be used ; however, 
the limitations that may be irr.r":•:c?d by the use 
of these methods should be investi,�:uted before 
a high degree of system analysis or fir,'• ' .:��eiver 
evaluation is attempted. 

Signal generators should never be used as ref­
erence for oscillator adjustments in either SSB 
transmitters or receivers, because of the allow­
able tolerances of such signal generators. Fre­
quency meters or standard reference>oscillators 
with a known accuracy must be used for such 
adjustments. The reference used must have an 
accuracy at least equal to, or greater than, the 
oscillator to be adjusted. Preferably the accuracy 
should be greater than ten-to-one ; that is, the 
percentage of tolerance of the reference oscillator 
should be less than the allowable percentage of 
tolerance of the oscillator to be adjusted, by a 
ratio of at least ten-to-one. 

Low-Frequency Reference O�cillator 
No adjustment should be made to the low­

frequency reference oscillator during routine 
alignment checks, unless satisfactory operation 
cannot be obtained by other adjustments in the 
receiver, and incorred 1-f oscillator frequency is 
indicated. However, tube replacement in th.e os­
cillator circuit should be followed by a frequency 
check ; likewise, a frequency check should follow 

1 any circuit changes or repairs to the oscillator. In 
any event, the highest degree ()f skill should be 
exercised in' performing any repairs or adjust­
ments to the reference oscillator, since both the 
tuning and demodulation may be affected. 



The normally accepted standard frequency for 
low-frequency reference oscillators or carrier­
insertion oscillators in SSB transmitters and re­
ceivers is 100 kc, although several other frequen­
cies (25 kc, 75 to 85 kc, and 250 or 300 kc) are 
becoming popular. Reference standards of 100 kc 
are readily available in both commerciaL and mili­
tary activities, and these oscillators may be used 
in the adjustment of receiver reference oscil­
lators, provided the frequency accuracy is greater 
than that of the receiver oscillator to be adjusted. 
Such oscillators should be checked against the 
radio standard-frequency signals of WWV prior 
to use. It must be remembered, however, that 
the reception of standard WWV signals on the 
SSB receiver alone does not constitute a check of 
the receiver oscillators, because manual tuning or 
a-f-c action will correct the receiver tuning to 
compensate for low-frequency-oscillator error, the 
error then being reflected to appear as a high­
frequency oscillator error or, possibly, as an a-f-c 
error. Therefore, either an external receiver or a 
high-gain, wide-band oscilloscope should be used 
to compare the signals of the oscillator to be cor­
rected with the frequency standard, by a visual 
indication method. 

A small variable trimmer capacitor is usually 
included in the oscillator circuit, either in series 
or in parallel with the crystal. The oscillator fre­
quency may be adjusted, within a range of a few 
cycles, by means of this capacitor. In circuits 
where no variable capacitor is included, actual 
replacement of a small fixed capacitor may be 
required. 

In receivers designed for pilot-carrier reception, 
employing crystal carrier filters and comparator­
type a-f-c circuits, a different approach should 
be used. In these receivers, the reference or car­
rier-insertion oscillator frequency must be the 
same as the center frequency of the carrier filter, 
even though the carrier-filter frequency may not 
be exactly 100 kc. In this type of receiver, the 
carrier-oscillator frequency is adjusted to cor­
respond to the mid-band noise passed by the car­
rier filter in the absence of a signal. This adjust­
ment may be readily determined by the rate of 
drift of the a-f-c motor, or rate of voltage change 
at the grid of the reactance tube, depending on 
which type of control is used. The rate of drift or 
the rate of voltage change increases as the error 
increases. 

Sufficient warm-up time must be allowed for 
both receiver oscillators and the test equipment 
before any oscillator adjustments are made, and 
drift should be checked over a period of at least 
several hours before a final adjustment is made. 

Heterodyne Oscil lators 

The actual frequency of the heterodyne oscil-
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lators is not as important as the frequency sta­
bility of these oscillators. This requirement may 
be eased considerably in receivers using a-f-c cir­
cuits and pilot-carrier reception. Adjustment of 
the high- and medium-frequency oscillators may 
be satisfactorily accomplished following normal 
AM alignment techniques. It must be remem­
bered, however, that the use of crystal or mechan­
ical filters in SSB receivers demands that the 
final setting of the heterodyne oscillators result 
in an intermediate frequency centered within the 
filter frequencies, regardless of the actual filter 
frequency. 

Filters and 1-F Stages 
No attempt should be made to adjust the filters 

in SSB equipment except by highly skilled per­
sonnel with a thorough understanding of crystals 
and filters. Such attempts should be made only 
when proper facilities and specialized test equip­
ment are available. 

Credit must be given to licensed radio amateurs 
who are constantly seeking to improve radio cir­
cuits and equipment under extreme operating 
conditions with the severe handicaps of limited 
facilities and equipment and usually a very lim­
ited economy. Time consumption and dishearten­
ing results seldom exceed the patience and forti­
tude of · these skilled technicians. Many filters 
and filter designs may be credited to economy­
minded amateurs. 

These filters, however, are not typical of the 
filters found in military or commercial SSB equip­
ment. Such filters are usually hermetically sealed 
or potted and should not be tampered with. After 
all other attempts at proper alignment or circuit 
tests and adjustments have failed, replacement of 
a filter may be deemed necessary. Some lattice or 
half-lattice type crystal filters are provided with 
several adjustable trimmers, accessible as screw­
driver adjustments. Some of these are labeled as 
factory adjustments and should never be dis­
turbed. In any case, the manufacturer's data 
should alw·ays be consulted before any adjust­
ments are attempted. Plug-in filters are readily 
replaced. Mechanical filters should never be tamp­
ered with or repairs attempted under any condi­
tion. 

Schematic diagrams of crystal filters usually 
indicate variable capacitors and often variable 
inductances. Such diagrams may be misleading to 
those unfamiliar with filter circuits. Capacitors 
in parallel with filter crystals are usually of very 
small value, on the order of one to several micro­
microfarads. These often consist of a pair of 
leads given a slight wrap or twist, or may be a 
piece of wire bent near the crystal holder or 
electrode. Such capacitors are factory-adjusted 
and are usually not accessible without disman­
tling the filter. 
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If attempts are made to repair or adjust a 
filter, or if a filter has been tampered with, it 
must be remembered that a filter not only must 
pass the entire range of frequencies within its 
bandpass with uniform response, but also must 
have sharp cutoff and offer great attenuation to 
frequencies outside its band. High attenuation is 
especially important in the region of the carrier 
frequency, and in the case of the sideband filter, 
the undesired sideband must be rejected in its 
entirety. Perhaps of equal importance in SSB 
receivers is the shielding, especially in proximity 
to the filters. Good filtering will be defeated if 
feed-through of the undesired frequencies, or 
stray coupling is permitted. When filtering faults 
are suspected, the shielding should not be over­
looked. Removable covers and interstage shields 
should be inspected for placement and for ade­
quate bonding or grounding. Shielded leads should 
not be replaced with unshielded leads, and de­
coupl:iag resistors, capacitors, and r-f chokes 
should be inspected when feed-through is evident. 
The elimination of fed-through is of utmost im­
portance in dual-channel systems to prevent 
cross-talk or cross-modulation. 

I-F alignment in SSB receivers may follow a 
pattern similar to that in the i-f alignment of 
standard AM receivers, with the exception that 
the bandpass must be determined by the charac­
teristics of the filters involved. I-F transformers 
are usually tuned so that all of the frequencies 
within the range of the filters are passed ; that 
is, the selectivity curves of the transformers are 
broader than those of the filters. Correct tuning 
of the transformers, therefore, is that which in­
sures maximum signal at the output of the re­
ceiver, or, in the case of the carrier amplifier, 
maximum a-v-e voltage. 

Gil � I 

I 

A-F-C Systems 
A-F-C systems should be checked for proper 

control and range. Balance must be maintained in 
discriminators and balanced modulators, · to pro­
vide the proper range of control and freedom from 
drift. Systems using motors or servomechanisms 
must be checked for mechanical freedom and for 
sticking or binding. Cleaning and lubrication should 
be performed according to the manufacturer's 
specifications. Range and control, or over-all per­
formance, of the a-f-c system can be checked by 
manually detuning the receiver suddenly and 
checking the a-f-c response. Some mechanical 
systems employ a damping device, such as an oil­
filled dashpot or a flywheel, to prevent oscillations 
of the mechanical drive, and provide a hold fea­
ture to prevent sudden changes in frequency 
(from noise or jamming) or deep carrier fading 
from affecting the afc. These components should 
be inspected if included in the system. 

The frequency limits of the carrier filter almost 
exclusively determine the range of the a-f-c sys­
tem in pilot-carrier systems. Carrier filters must 
of necessity have a relatively narrow bandpass, 
usually less than 100 cycles. When the carrier in 
the i-f amplifier falls outside the frequency range 
of the carrier filter, the carrier will be attenuated 
far below the level required for a-f-c operation, 
and the system will lose reference of the carrier. 
It should, however, maintain control over the 
range of the carrier filter. 

In the event of improper a-f-c operation in com­
parator-type circuits, the frequency of the low­
frequency reference oscillator should be checked. 
This adjustment should be such that the a-f-c 
system will align on the mid-band noise passed by 
the carrier filter in the absence of a signal. If the 
a-f-c control drifts during this check, the fre-

" . . .  clean and l ubricate according to manufacturer's specifications-" 
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quency of the reference oscillator may be sus­
pected as being incorrect, after it is ascertained 
that the a-f-c balanced modulator or discriminator 
is properly balanced and adjusted. 

Balanced Detectors ( Demodulators J 

Proper operation of balanced detectors, used 
extensively in single-sideband receivers, depends 
primarily on the degree of balance achieved in 
the detector. Balanced detectors, or demodulators, 
are essentially the same as balanced modulators, 
except that input and output are reversed. In 
balanced detectors, the balancing is not as im­
portant as in balanced modulators in transmitters, 
where the carrier suppression depends on the 
degree of balance in the modulator. Balanced de­
tectors are used rather to insure that only the re­
sults of heterodyning of the input signal with the 
inserted carrier will appear at the output. Carrier 
suppression is not as important as it is in a trans­
mitter, because any r-f carrier appearing in the 
output will be bypassed in the audio circuits. 
Therefore, the only noticeable effect resulting 
from an unbalanced condition is the increased 
noise nevel and spurious beats, or heterodynes, 
caused by the beating together of undesired com­
ponents by rectification. Balance can be checked 
easily in balanced detectors by simply disabling 
the signal input and adjusting the carrier balance 
for minimum noise in the output. This noise is the 
result of the heterodyning of the carrier with the 
noise components adjacent to the carrier fre­
quency in the carrier circuits, or channel. Dis­
abling the carrier input to the detector and apply­
ing a signal to the receiver ( or detector input) 
should result in minimum output with the same 
adjustment settings. Matched tubes or diodes 
should be used, and the balance should be checked 
whenever tube or diode replacement is made. 
Tubes should be checked for equal transconduct­
ance, and diodes (crystals or copper-oxide rectifi­
ers) should be checked for equal forward resist­
ance. Often, potentiometers are included in the 
cathode, grid, or plate circuits of the demodulator 
so that element voltages may be adjusted for bal­
ance or to compensate for differences in tubes. 

Balanced modulators in comparator-type a-f-c 
systems should be balanced to produce minimum 
output voltage in the absence of either input 
signal. Product detectors, or multi-grid detectors, 
are balanced in much the same manner as bal­
anced detectors. Each signal grid should be oper­
ated on the linear portion of the characteristic 
Eg-Ip curve for the tube. Balance may be checked 
by removing or disabling the signals or carrier 
from the opposite grid and adjusting the element 
voltages for minimum signal, and then repeating 
the procedure for the opposite grid. 
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Carrier Circuits 

In exalted-carrier and SSB systems using car­
rier circuits, the carrier must be separately 
filtered and amplified to produce sufficient level 
for demodulation of the sidebands at the demodu­
lator. 

The carrier is subject to fading and noise con­
ditions which may vary its amplitude. Variations 
in amplitude would affect the effective percentage 
of modulation at the demodulator. Increases in 
carrier level beyond the point required for proper 
demodulation merely adds to the noise level, be­
cause of the thermal and other noise, and thus 
results in a lower signal-to-noise ratio in the 
output of the demodulator. 

Most carrier circuits employ limiting stages 
combined with several modes of a-v-e operation, 
to maintain a constant carrier level. The bandpass 
is usually extremely narrow, and is the result of 
a compromise between the ideal, or narrowest 
possible bandpass, and that which will allow for 
carrier output when the receiver . is detuned, so 
that the carrier-operated a-f-c circuits will re­
ceive the carrier reference signal. If the carrier 
bandpass filter circuit is too wide in frequency 
range, some of the sideband signal may be passed, 
and this may take control of the a-f-c circuits, 
causing erratic operation. No attempt should be 
made to change the bandpass, because it must be 
determined exclusively in the filter. However, the 
carrier level at the demodulator, which is usually 
about ten times the sideband voltage, should be 
checked and adjusted according to the manufac­
turer's data. Proper limiting action should also 
be assured, and a-v-e and a-f-c voltages should 
be checked for amplitude and range. 

Gain and Distortion 

R-F Stages 
The gain of the r-f stages must be kept low in 

an SSB receiver, to prevent overloading of the 
receiver. The primary functions of r-f stages are : 
( 1 )  to provide preselection of the desired signal ; 
(2) to reject the undesired signals ; and (3) to 
prevent radiation of the receiver local oscillator 
signal and its harmonics. Several detrimental 
effects account for various forms of distortion 
which may be accredited to r-f stage malfunc­
tions. These are listed as follows : 

Receiver intermodulation. This type of distor­
tion is the result of two or more undesired signals, 
or components of the desired sidebands, or both, 
mixing in the r-f or mixer stages and producing 
undesired products at the receiver response fre­
quency. It is caused by non-linearity in the r-f 
circuits or tubes or by overloading. 

Receiver cross modulation. This type of distor­
tion is the result of modulation of the desired 
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carrier or sideband components by the sidebands 
of a nearby undesired carrier. It is caused by 
vacuum-tube third-order action, poor r-f selec­
tivity, or antenna isolation. 

Receiver desensitization or blocking. This con­
dition is caused by overloading of the r-f and 
mixer stages by a nearby off-channel signal of 
high level, and is a result of inadequate preselec­
tion. It is a form of adjacent-channel interference. 

Receiver spurious response. A spurious re­
sponse results when frequencies other than the 
desired signal are converted to the i-f frequency. 
Such a response is due to insufficient r-f pre­
selection. Receiver spurious responses include the 
following: 

i. Intermediate frequency response. This re­
sponse results when signals at the intermediate 
frequency of the receiver feed through the r-f 
stages or enter the i-f stages through improper 
shielding, etc. 

2. Image response. This response consists of an 
undesired i-f signal which is produced by hetero­
dyning of the oscillator frequency with a fre­
quency located on the opposite side of the oscil­
lator frequency from the true signal, and having 
the same frequency separation from the oscillator 
frequency as the true signal. When the oscillator 
is operated above the signal frequency, the image 
is the undesired signal below the oscillator fre­
quency. One of the most desirable characteristics 
of a receiver's r-f system is good image rejection. 

3. Harmonic functions. These functions in­
clude : responses at submultiples of the operating 
frequency ; responses produced when harmonics 
of the receiver local oscillator heterodyne with 
undesired signals, or when harmonics of lower­
frequency signals heterodyne with the oscillator 
signal ; and those produced when various other 
harmonic combinations heterodyne to produce the 
intermediate frequency or the input frequency. 

Most of these effects can be minimized by pre­
venting overload . at the r-f stages. All of these 
effects must be eliminated in the r-f stages, be­
cause they cannot be eliminated after introduction 
in the i-f stages. An attenuator is used in many 
SSB receivers in the input or antenna circuit. 
Proper setting of the attenuator is an important 
aid in preventing overload in most cases. Proper 
a-v-e time constants and voltages also help pre­
vent overload. 

Moisture content, dirt, corrosion, and poorly 
soldered joints all affect the selectivity (Q) of r-f 
and i-f circuits. These conditions should be 
checked during maintenance. Proper tube element 
voltages are necessary to prevent non-linearity in 
these circuits. 

Elimination of these forms of distortion is im­
portant in all forms of AM receivers, and is even 
more important in SSB receivers, where improved 
reception is the intended objective. Overload is 
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especially serious in SSB receivers, because the 
carrier-insertion signal level is held constant, and 
excessive sideband signal level at the detector 
will result in overmodulation distortion. 

1-F Stages 

As in AM superheterodyne receivers, most of 
the gain and selectivity of SSB receivers are pro­
vided by the i-f stages. Also, as in AM receivers, 
overload and non-linearity must be prevented in 
the i-f stages. Overload in either the r-f or i-f 
stages of an SSB receiver produces large amounts 
of intermodulation distortion, which is considered 
to be the most serious form of distortion affecting 
SSB. Intermodulation in i-f stages is produced by 
the mixing of the individual sideband components 
in the desired signal, or a combination of the com­
ponents of the desired signal, with other unde­
sired responses which may be within the i-f fre­
quency range due to the aforementioned r-f mal­
functions. 

Harmonic distortion, also produced by overload 
or non-linearity, is produced in greater amounts 
in full-carrier systems. It is more pronounced 
than intermodulation distortion in full-carrier 
(AM or CSSB) receivers because of the presence 
of the carrier, which beats with the sidebands to 
produce second- and third-order products and 
harmonics. As the carrier level is reduced, har­
monic distortion decreases, and the intermodula­
tion distortion becomes the more serious effect. 
It has long been recognized that the human ear is 
more sensitive to intermodulation distortion than 
to harmonic distortion. This fact accounts for the 
more rapid loss of intelligibility in reduced- or 
suppressed-carrier SSB receivers qnder overload 
conditions. 

Other malfunctions, such as motorboating or 
oscillation, feedback and feedthrough, and im­
proper coupling or decoupling, are common to i-f 
stages in all types of receivers, and are corrected 
or prevented in SSB receivers by conventional 
methods. 

Audio and Output Circuits 

Distortion in audio circuits should not be over­
looked, especially in telephone and data systems 
where continuous monitoring is not always pos­
sible. Sine-wave and square-wave tests using oscil­
loscope presentations and distortion measuring 
equipment, when available, are most desirable, 
and pulse test equipment should be used on data 
and pulse or multiplex equipment. The outputs of 
receiving equipment handling such services are 
usually fed into auxiliary equipment, and a thor­
ough knowledge of this equipment is essential in 
the maintenance of such systems. 
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Dual-Channel Systems 
All of the information above also applies to 

dual-channel systems or DSB receivers. It is also 
important in such systems that both sideband 
channels have approximately the same gain. Tube 
transconductance should be checked in the m-f 
and 1-f stages, and both channels of dual-channel 
systems should be balanced during maintenance. 

Crosstalk is perhaps the most serious effect in 
dual-channel or multiplexed systems. This can be 
produced by direct feed-through or coupling be­
tween channels due to improper shielding or iso­
lation of circuits. Shielding should always be 
replaced if removed, and bonding or grounding 
should be checked if feed-through is evident or 
suspected. Crosstalk can also be produced by cross 
modulation. When the offending channel is the 
lower sideband of a carrier, and the upper side­
band of the same transmission is the affected 
channel, or vice versa, the crosstalk will be intel­
ligible, and will appear as a conversation in the 

----------'!Yadcground of the desired signals. Privacy of the 
channels is thus impaired. The same holds true 
of two transmissions on or very near the same 
frequency. In this case, four combinations (upper 
and lower sidebands, or A and B Channels, of 
both transmissions) of crosstalk may be pro­
duced as a result of co-channel interference. 
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When the two transmissions are separated in 
frequency, the frequency of the background sig­
nal on the affected channel increases (or de­
creases) to a point where it becomes unnatural, 
and, as the frequency separation increases, it be­
comes unintelligible. The sound heard is com­
monly called "monkey chatter," since it resembles 
the chattering of monkeys. 

A form of adjacent-channel interference occurs 
when the carriers of two transmissions are so 
close together in frequency that the lower side­
frequency spectrum that is occupied by the upper 
band of carrier A occupies the same space in the 
sideband of carrier B or vice versa ; i.e., when 
carrier A is approximately 3 kc higher (or lower) 
than B. Under these conditions cross modulation 
between the two exists, and the background con­
sists of inverted speech (also a form of "monkey 
chatter") .  Although inverted speech is unintelli­
gible in most cases, it might be interpreted and, 
therefore, should be eliminated when secrecy is 
invtth'ed . .  

Inverted speech occurs whenever a sideband 
which is inverted (high-frequency and low-fre­
quency audio components interchanged in posi­
tions relative to the carrier) with respect to its 
own (or a different) carrier is demodulated in 
that form. 
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GLOSSARY OF TERMS 
active network A network which receives power 
from both the input signal and other external 
sources. 
balanced detector ( demodulator) A detector so 
connected that the circuit is in a state of balance 
with respect to one or both of its two inputs, the 
degree of balance determining the amount of sup­
pression of one or both input signals, so that only 
the sum and difference frequencies of the two 
input signals appear in the output. The circuit and 
its operation are identical to that of a balanced 
modulator except that the input and output are 
reversed. 
balanced mixer A mixer connected as a balanced 
modulator ; the circuit and its operation are simi­
lar to that of the balanced modulator or detector, 
the difference being in its use. 
balanced modulator A modulator so connected 
that the circuit is in a state of balance with re­
spect to one or both of its two inputs, the degree 
of balance determining the amount of suppres­
sion of one or both input signals, so that only the 
sum and difference frequencies of the two input 
signals appear in the output. 
bandpass A band of frequencies passed with little 
or no attenuation. 
bandwidth The number of cycles per second ex­
pressing the difference between the limiting fre­
quencies of a frequency band. 
beating oscillator ( heterodyne oscillator) An os­
cillator used for frequency translation or conver­
sion in transmitters and receivers. 
bi-lateral circuit A circuit which will properly 
function in either direction of signal path. 
hi-mode Having two modes of operation. 
bridging filter ( roofing filter) A filter used in 
SSE-DSE systems, the bandpass of which en­
compasses all of the desired frequencies, ·  or the 
frequency ranges of two or more channel filters. 
It is used to enhance the rejection characteristiCs 
at and beyond the upper and lower frequency 
limits of the independent channel filters. 
carrier filter A filter designed to pass only the 
carrier frequency, with steep characteristic re­
sponse curves and adequate attenuation on either 
side of the carrier frequency. 
carrier insertion The process of inserting, or in­
jecting, either the reconditioned pilot carrier or 
a locally generated carrier into the circuitry for 
combining with the sideband, or sidebands. This 
process is used for the purpose of demodulation in 
a single- ( o�· double-) sideband receiver, or exalted­
carrier receiver. 
carrier-insertion oscillator The oscillator which 
generates the local carrier to be combined with 
the sideband in suppressed-carrier receivers. It 
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may also be called the low-frequency, or reference, 
oscillator when applicable. 
carrier re-insertion The process used in SSE or 
DSE transmitters for re-inserting a controlled 
amount of carrier in the output signal (sidebands) 
subsequent to the modulation process, where the 
carrier was suppressed. This process insures the 
proper level of carrier in the transmitter output 
for reduced pilot carrier or controlled carrier 
transmission. 
channel A limited band of frequencies, or a sep­
arate circuit, for conveying a signal so as to be 
isolated from other signals in the same system 
or frequency range. 
coherent detector A form of synchronous, or 
phase-locked, detector used in double-sideband 
(DSE) suppressed-carrier receivers. 
combiner A unit used for combining the outputs 
of diversity receivers in diversity systems, or for 
combining phone, telegraph, teletype, facsimile, 
or data signals in any of such systems. 
combining network A network for vectorially 
combining the outputs from two or more separate 
circuits. 
comparator A type of a-f-c circuit which com­
pares the incoming pilot carrier with the signal 
from the local reference oscillator in the receiver, 
and supplies an error signal which may be used 
as an oscillator frequency correction voltage. 
compatibility The ability of a transmitted signal 
to be received by more than one specific type of 
receiver, or the ability of a transmitter to trans­
mit such a signal, or of a receiver to receive more 
than one specific type of transmission. This is 
generally referred to in the use of SSE or DSE 
eqUipment operating in conjunction with existing 
conventional AM equipment. 
compatible single sideband ( CSSB) A single-side­
band transmission in which the full carrier is 
transmitted, so that the signal may be received 
on conventional AM receivers. The carrier is main­
tained at a level of from 4 to 6 db below the peak 
power output of the transmitter. 
conditioned carrier ( reconditioned carrier, exalted 
carrier, or enhanced carrier ) The received car­
rier after being separated from the sidebands, 
filtered, amplified, and otherwise prepared for in­
sertion or combining with the sidebands for de­
modulation purposes. 
controlled-carrier SSB A single-sideband trans­
mission in which the carrier rises to approxim­
ately full amplitude during brief pauses in speech, 
between syllables, or when no modulation is pres­
ent, and is reduced to a very low level during 
actual modulation. The level of the controlled 
carrier is such that the average power output of 
the transmitter is maintained effectively constant 
with or without modulation. 
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cross modulation A type of distortion produced 
by modulation of the desired carrier (or a com­
ponent of its sidebands) by the sidebands of an 
adjacent or other undesired carrier or signal. 
crystal-lattice filter A wave, or bandpass, filter 
employing piezoelectric (quartz) crystals in a lat­
tice network arrangement. 
doppler shift The change in frequency of a signal 
due to the motion of the transmitter toward or 
away from the receiver, or the change in fre­
quency due to the change in the length of the 
transmission path, as in aircraft and vehicular 
communications. 
double conversion The application of two steps 
of frequency conversion (translation) in a super­
heterodyne receiver, producing two consecutive 
intermediate frequencies prior to the actual de­
modulation, or third conversion, step. Also appli­
cable to a transmitter using two steps of fre­
quency translation. 
double sideband (DSB) The transmission of both 
sidebands. Normally accepted as being a sup­
pressed-carrier transmission with the same in­
formation on both sidebands. 
dual-channel SSB Actually a double-sideband 
transmission with different information on either 
sideband. A two-channel system, each channel 
being a single-sideband transmission ; one channel 
occupies the upper sideband, and the other the 
lower sideband. Two unrelated single-sideband 
transmissions on opposite sidebands of a common 
carrier. 
electromechanical filter A filter in which electrical 
energy to be filtered is transduced (changed) into 
mechanical energy, and the filtering process is 
performed by a mechanical device, such as a spe­
cially designed metal rod, disk, or plate, all or 
portions of which vibrate at the specific fre­
quency, or band of frequencies, to be coupled or 
transduced into another electrical, or output, 
circuit. 
electromechanical transducer A device so con­
structed that energy from an electrical system 
is coupled to a mechanical system, or vice versa. 
A component of a mechanical filter used in SSB 
systems. It may take one of four forms : electro­
magnetic or electrostatic, both of which consist 
of lumped constants, or magnetostrictive or piezo­
electric, both of which consist of distributed 
constants. 
envelope detection Demodulation by rectification 
of the complete wave envelope (carrier and side­
bands) .  
even-order products Distortion components re­
sulting from heterodyne action between odd or 
even harmonics of one input signal and the funda­
mental or harmonic of the second input signal, 
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or separate components of the same signal, to the 
second-order, fourth-order, etc. 
exalted carrier The received carrier; or locally 
generated carrier, amplified separately to a high 
level and maintained at that level independent of 
fading of the received signal or sidebands. It is 
used to decrease the effects of selective fading 
and detector distortion in detectors of AM, PM, 
and SSB receivers. (Conditioned carrier, recondi­
tioned carrier, enhanced carrier, syn.) 
fading Decreasing (and increasing) , or variations 
in amplitude of an r-f signal at a receiver an­
tenna due to in- and out-of-phase conditions (vec­
torial addition) of the signal components received 
from two (or more) paths of transmission in the 
atmosphere, one or more paths of which differ in 
length, causing a time or phase difference at the 
received point. Usually a constantly changing 
phenomenon. 
forward-acting ave: An automatic voh.ime control, 
which acts on circuits (amplifiers) subsequent to 
the point of input to the a-v-e circuit in the re­
ceiver. Usually used in combination with conven­
tional ave as additional compensation. 
frequency conversion ( translation ) Heterodyning 
(mixing) of a signal of one frequency (or fre­
quencies) with another signal of a different fre­
quency to produce sum and difference frequencies, 
one of which is the desired frequency. 
frequency discrimination Detecting changes, or 
variations, in frequency. 
frequency distortion A form of distortion ; im­
pairment of the fidelity of a signal as a result of 
the unequal transfer of frequencies, or unequal 
amplification of frequencies, within the passband 
of an amplifier. 
frequency division ( multiplex) Process of trims­
mitting two or more information-bearing signals 
over a common path by using a different fre­
quency band for the transmission of each signal. 
frequency synthesis Producing a signal frequency 
by heterodyning and otherwise combining fre­
quencies not necessarily harmonically related to 
each other or the frequency produced. 
frequency translation ( conversion ) Moving a 
signal or channel to another portion of the fre­
quency spectrum by heterodyning. The sum or 
difference frequency of the original signal and 
the heterodyning signal will be the desired chan­
_nel at another point in the spectrum. 
full-carrier SSB (See compatible SSB. ) 
harmonic distortion Impairment of fidelity caused 
by the generation of new frequencies that are 
harmonics of the frequencies contained in the ap­
plied signal. 
high-level modulation Modulation produced at a 
point in a system where the power level approx­
imates that at the output of the system. 
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intelligence The message to be transmitted, such 
as speech, music, data, etc, or its code equivalent. 
intermodulation ( distortion) Impairment of fidel­
ity resulting from the production of frequencies 
that are the sum of, or the difference between, 
frequencies contained in the applied waveform or 
channel. 
linear amplifier An amplifier that develops an 
output directly proportional in amplitude to that· 
of the input signal ; for example, a Class A or B 
amplifier. Usually the term "linear amplifier" is 
used in connection with tuned amplifiers. 
linear detection Detection producing an audio 
output directly proportional in amplitude to the 
variations of the r-f input. 
lower sideband (LSB) The spectrum of the 
modulating signal displaced by an amount equal 
to the carrier frequency, the frequency of which 
is the difference between the carrier and the 
modulating signal ; hence, the lower sideband is 
located on the lower side of the carrier and in­
verted, and its bandwidth is the same as the 
bandwidth of the modulating signal. 
low-level modulation Modulation produced at a 
point in a system where the power level is low 
compared with the power level at the output of 
the system. 
magnetostrictive transducer An electromechani­
cal transducer in which the magnetic field pro­
duced by the electrical (input) signal causes the 
transducer to expand and contract by magnetic 
coupling, or vice versa (in the case of the elec­
trical output circuit) . A distributed-constant sys­
tem ideally suited for mechanical filters in SSB 
applications. 
multi-channel More than one branch or path over 
which signals may be transmitted. 
multiple conversion More than one frequency­
conversion step in a transmitter or superhet­
erodyne receiver. 
multiplexing ( multiplex transmission ) The si­
multaneous transmission of two or more channels 
of intelligence over a single circuit or path, or the 
preparation of the intelligence for such trans­
mission. 
odd-order products Distortion components result­
ing from heterodyne action between odd or even 
harmonics of one input signal and the fundamen­
tal or harmonic of the second input signal, or 
separate components of the same signals to an 
odd order, such as third order, fifth order, etc. 
passive network A network which receives all of 
its operating power from the input signal. 
peak-envelope power (PEP) The r-m-s power de­
veloped during the peak r-f cycle occurring in the 
transmitter. Equal to the sum of the amplitudes 
of the sideband components and the (pilot) 
carrier. 
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peak-sideband power (PSP) The r-m-s power de­
veloped during the peak r-f cycle occurring in the 
transmitter without (or minus) the carrier. Equal 
to the sum of the amplitudes of the sideband 
components only. 
phase-difference network A phase-shift network 
which establishes a given phase difference be­
tween two points, regardless of the actual phase 
shift of the network itself. 
phase discrimination Detecting changes, or varia­
tions in phase. 
phase discrimination multiplex (Day's system) . 
Process of transmitting two or more information­
bearing signals by means of channels superim­
posed within the same frequency band, but shifted 
in phase with respect to each other by a prede­
termined phase angle (90 degrees) .  
phase distortion Impairment of fidelity due to 
nonlinear phase characteristics, which cause vari­
ous frequencies of an applied waveform to be de­
layed disproportionately. 
phase-locked receiver A receiver in which the 
local oscillator is synchronized and. maintained 
in phase with the received carrier (or its equiva­
lent in the case of suppressed-carrier reception) .  
phase modulation Variation of the phase of an 
r-f signal in accordance with the intelligence to 
be transmitted. A form of angle modulation. 
phase-shift network A network in which an ap­
plied signal is shifted in phase by predetermined 
angle. 
pilot carrier A reduced carrier, the amplitude of 
which is maintained at a level of from 10 to 20 db 
below the peak-sideband power. A carrier often 
used in SSB transmissions as a reference for a-v-e 
and a-f-c systems in receivers. 
post-phasing distortion A form of distortion due 
to harmonics generated in the audio amplifiers 
following the audio phase-difference networks, or 
due to improper adjustment of the balanced mod­
ulators in phase-shift SSB transmitters. 
product detector ( demodulator) A detector, the 
amplitude of the output (audio) of which is pro­
portional to the mathematical product of the 
amplitudes of both of its two inputs (carder and 
sidebands) . 
product modulator A modulator, the amplitude of 
the output of which is proportional to the mathe,. 
matical product of the amplitudes of both of its 
two inputs (carrier and modulating signals) . A 
form of balanced modulator in that the carrier 
is normally suppressed. 
pulse modulation Either the modulation of an 
r-f signal by a sequence (train) of pulses, or the 
modulation of pulses by variation of one or more 
parameters of the series of regular recurrent 
pulses, such as pulse amplitude (PAM) , pulse 
time (PTM) , pulse duration (PDM ) ,  pulse posi­
tion (PPM) , or pulse code (PCM) . 
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quadrature input The use of two separate input 
signals, one of which is shifted in phase 90 de­
grees with respect to the other. 
quadrature modulation The phase-shift method 
of modulation using two of each of the input sig­
nals in quadrature phase relationship with each 
other. Normally two balanced modulators are 
used in SSB applications. 
reconditioned carrier ( conditioned carrier, exalted 
carrier, enhanced carrier) The received carrier 
after separation from its sidebands, filtering, and 
amplification, used for insertion with the side­
bands for demodulation. 
reduced-carrier SSB ( pilot-carrier SSB) A single­
sideband signal with a reduced or pilot carrier, 
in which the carrier is reduced 10 to 20 db below 
the peak sideband amplitude. 
reference oscillator An oscillator used for auto­
matic-frequency-control reference in SSB trans­
mitters and receivers. Usually a low-frequency 
oscillator, and ordinarily serves the dual function 
of frequency control and carrier insertion. 
roofing filter ( bridging filter) See bridging filter. 
sidebands The frequency bands on either or both 
sides of the carrier frequency, or the components 
of the signal within such bands, which are the 
sum (upper sideband) and difference (lower side­
band) frequencies produced by modulation of the 
carrier with the modulating signal. 
sideband channel A channel, or signal path, within 
a single- or double-sideband transmitter or re­
ceiver, restricted to the frequencies of either (or 
both) sidebands without the carrier. 
sideband filter A filter designed to pass the side­
band frequencies with little or no attenuation and 
to reject all other frequencies, especially those 
adjacent to the sideband frequencies, and the 
carrier and opposite sideband. 
side frequency One of the frequencies of a side­
band. The sum or difference frequency resulting 
from the modulation of a carrier with a single 
tone. 
signal-to-distortion ratio The ratio of the ampli­
tude of the desired signal to that of the distor­
tion products, usually expressed in db. 
single-sideband exciter A unit containing all the 
frequency-generating components and modulation 
components of a single-sideband transmitter. The 
output of the exciter is the desired signal, suit­
able for direct radiation, except that the power 
level is relatively low. The output is normally ap­
plied to power amplifiers, suitable for amplifying 
the signal to the desired amplitude of transmis­
sion, or desired power output. 
single-sideband modulation ( SSB) A form of am­
plitude modulation in which one sideband and the 
carrier are suppressed. 
single-sideband suppressed carrier ( SSSC ) A 
single-sideband signal in which the carrier is 
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(ideally) completely suppressed. Normally the 
carrier is suppressed to a level at least 40 db be­
low the peak sideband power level. 
slaved oscillator An oscillator controlled by, or 
synchronized with, another oscillator or oscillatory 
circuit. 
splatter A term used to define the distortion 
products of a transmitter that fall outside of the 
frequency limits of the desired transmission. 
stabilized master oscillator (SMO) A variable­
frequency oscillator, in a special circuit employing 
crystal frequency synthesis, providing a multiple 
number of stable channel frequencies. 
stability The degree to which a specified fre­
quency may be maintained. Usually expressed as 
a tolerance in percent. 
square-law detection Detection which produces 
an output proportional to the square of the input, 
or inputs. 
synchronous reception Reception of signals by the 
use of a phase-locked oscillator in a special re­
ceiver circuit. Ideally suited for DSB reception, 
or synchronized AM (SAM) . 
time-division multiplex The simultaneous trans­
mission of two or more channels of intelligence 
over a single circuit or path by using different 
time intervals for the transmission of each chan­
nel of intelligence. 
two-tone test A test involving the application of 
two separate tone signals, equal in amplitude and 
having a difference in frequency of about 1000 
cps, to the input of a system or circuit and ob­
serving the results on an oscilloscope, spectrum 
analyzer, or other indicating device. 
unbalanced detector A detector in which no com­
ponent of the input signals is cancelled, or the 
circuit of which is unbalanced. 
upper sideband The spectrum of the modulating 
signal displaced by an amount equal to the carrier 
frequency without inversion, the frequency of 
which is the sum of the carrier and modulating 
signal ; hence, the upper sideband is located on 
the upper side of the carrier frequency and its 
bandwidth is the same as the bandwidth of the 
modulating signal. 
vestigial sideband A form of single-sideband 
transmission wherein one sideband and that por­
tion of the opposite sideband nearest the carrier 
frequency are transmitted. That portion of the 
sideband so transmitted is termed the "vestigial 
sideband." Filtering requirements are eased in 
this type of sideband transmission, and very low 
frequencies (down to zero) may be transmitted 
without loss. Typical applications are television 
and pulse systems. 
wide-band phase-shift network A network de­
signed to provide a uniform phase shift over a 
wide band of frequencies. 
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