INTERFERENCE IN
F-M RECEIVERS

Review of equations covering interference-suppressing ability when desired and unde-

sired signals have the same average frequency, with experimental verification by measure-

ments on a representative commercial receiver

HERE has been developed a

theory by Reich?, Pollack? and
several others concerning the ratio
of interference to desired signal in
the audio output of an idealized fre-
quency-modulation receiver for
known ratios of interfering to de-
gired input signals. The object of
this investigation was to determine
whether or not an average commer-
cial frequency-modulation receiver
adheres to this theory regarding
interference.

The type of interference which
was studied and applied in measur-
ing the suppression ability of the
receiver under test was that which
results from two signals having the
same average frequency, one being
considered as the desired signal and
the other as an interfering signal.
The conditions chosen represent an
interference problem at its worst. .

Theory of Single-Chcnne.I Interference

For convenience, consider the de-
sired signal to be of unit amplitude,
and the interfering signal to be of
amplitude a. It is assumed that if
a were comparable to “unity,” the
interference would be so great that
ho one would attempt to listen to
the desired signal. Consequently,
this case has little practical inter-
est. However, when the desired sig-
nal is at a modulation lull, the in-
terfering signal, even though rela-
tively small in magnitude, produces
an undesirable psychological effect,
since it can now be heard together
with the desired audio output. It
is under these general conditions
that the interference suppression
of a commercial receiver was
studied. '
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A term which occurs quite fre-
quently in the analysis of single-
channel interference is instantane-
ous frequency. Assuming a voltage
of the form ¢ = A cos ¢, a cus-

FIG. 1—Vector diagram for desired and
undesired f-m signals, both having the
same frequency

FIG. 2—Frequency response of output

system into which audio system of fm

receiver was fed for visual indication
of interference wave form

FIG. 3—Calculated interference pattern
envelopes for deviations of 15 and 75 k¢

tomary and suitable definition of
instantaneous frequency is o =
d¢/dt, where o is the instantaneous
angular frequency and d¢/dt repre-
sents the rate of change of the
angular displacement with respect
to time.® It is this definition that
will be used.

The desired signal is not modu-
lated, the condition of a modulation
Iull being assumed ; only the carrier
is present. The undesired signal is
frequency-modulated with a fre

quency deviation of *Aw and at a
modulation frequency of ®, which
is much less than the carrier fre-
quency.

Referring to Fig. 1, the desired
and undesired signals at some in-
stant of time are respectively 1 cos
# and a cos a. The following expres-
sions may be written

—ZTB = wy = constant carrier frequency (1)
B=J wd = wi+ 06 @
fi‘:‘ = W) = w + B cos (wnl)  (3)

which represents the frequency
variations of a frequency-modu-
lated signal. Then

a= J o Odt= [wot +22 gin (wnt-+0) ]
“

The output of a frequency-modu-
lation receiver should be propor-
tional to the instantaneous fre-
quency of the input signal. In the
present case, the instantaneous fre-
quency resulting from the super-
position of two input signals is to

_be determined. Referring to Fig. 1

again, the instantaneous frequency
of the resultant signal is seen to be
w = d¢/dt. The problem, therefore,
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is to solve for the value of .

It can be seen by inspection that
¢ = £ + y. Now by simple trigono-
metric relationships we can write

a sin (@ — B)
ey ®
or, since @ is much less than unity

v = tan !

. . [Aw .
v 22 asin (@ — B) = asin [-f sin (wmnt)
wn

6
Then

4 = & & gudiy [‘;—‘” it (wmt)] @
By definition

= w +

w =

do

“di

[a Aw cos (wnt)] cos [éﬂj sin (w,,.t)] ®)
Wm

wnere

w = resultant instantaneous angular fre-
quency of input signals

a = magnitude of undesired signal, equal
to the ratio of interfering to desired
input signals since the desired signal
is of unit amplitude

Aw = maximum angular frequency devia-
tion of interfering signal

wm = angular frequency of modulation of
interfering signal

t = time in seconds

Analysis of Discriminator Output

The resultant instantaneous an-
gular frequency as given by Eq.
(8) is seen to be composed of both
a constant and a varying term. In
a frequency-modulation receiver,
the output of the diseriminator is
proportional to the variations in
the instantaneous angular fre-
quency. Consequently, the varying
term of Eq. (8) is important in this
analysis. It is equivalent to a
sinusoidal variation with magni-
tude [a Ao cos (wnt)] and fre-
quency d/dt [(Aw/w,) sin (wnt) ]
= Aw cos (w.t), with both the
magnitude and the frequency vary-
ing sinusoidally with time. This
varying frequency will be defined
as the interference frequency and
will be denoted by the symbol f,,..
Thus, fi.. = [Aw cos (wat)]/2m.

Considering Eq. (8) once again,

the resultant instantaneous angu--

lar frequency varies sinusoidally in
magnitude about the mean carrier
frequency w,. These variations are
from o, to w, 4+ @ Aw and back to
w, for half a period of the modulat-
ing wave. At any particular in-
stant of time, deviation of the re-
sultant instantaneous angular fre-
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FIG. 4—Oscilloscope patterns obtained
under same conditions as represented
by Fig. 3

quency is occurring at a definite
frequency which is the interference
frequency. Thus we have a fre-
quency (the resultant instantane-
ous angular frequency) varying
sinusoidally in magnitude at some
other frequency (the angular mod-
ulation frequency). Also, when
viewed at successive instants of
time, these variations are in them-
selves varying sinusoidally at still
another frequency, the interference
frequency.

Allowances for Deemphasis

The results thus far have given
us, theoretically, the wave form of
the interference in the output of
a frequency-modulation receiver,
since in this type of receiver the
audio output is proportional to the
variations in instantaneous fre-
quency as given in Eq. (8). How-
ever, in practice the frequency re-
sponse of the receiving system is
not flat. This is due to the fre-
quency limitations of the audio sys-
tem and to the standard deempha-
sis circuit placed at the output of
the discriminator to restore the
modulation to what it was before
standard RMA preemphasis at the
transmitter. This preemphasis of
the higher-frequency components is
proportional to VI + (rw)?, Where
t is the standard 100-microsecond
time constant and o, is the angular
frequency. The reciprocal of this
proportionality factor is effected in

the receiver by the deemphasis cir-

cuit. Consequently, the interfer-

ence in the audio output is actually
VI + (rw;)i

propottional to
Aw .
©os i: =53 smt(wmt):l =
Wm
i a 2w fia

_;/ T‘}m cos I:éw—: sin (w,,,t)] )

The ratio of interference to de-
sired signal in the output of the
receiver as considered in this an-
alysis is N/S, where N is peak am-
plitude of interference in audio
output of f-m receiver due to super-
position of a small, undesired, fre-
quency-modulated signal on an un-
modulated desired signal, both sig-
nals being of the same average fre-
quency, and S is peak amplitude of
the desired signal alone, frequency-
modulated, in audio output of f-m
receiver.

The problem is to determine N/S
for various ratios of input signals.
The ratio of input signals is given
by a since the desired signal is con-
sidered to be of unit amplitude. In
this analysis, the standard maxi-
mum frequency deviation of =75
ke is assumed to correspond to the
full permissible range of a modu-
lating signal at the input of the
system. It follows that the frac-
tional utilization of this full range
by the interfering signal in the
audio output is

4 a 27 fine
27 X 75,000 VI + (v 27 fu)t
Thus the ratio of interference to

desired signal in the output may
be written as

le dw 695 (wnd)]

_IYz afinz 10
S 75000 VI F (7 27 [uo) (10)

or, if (= 2% fi.)® is much larger
than unity, the above expression be-
comes

a Ta
T2 X 75,0007 =1 Aw

For = = 100 psec, this reduces to
N/S = a/47.

(1n)

w|=z

Practical Considerations

For input signal sources two sig-
nal generators were employed, one
of which could be frequency-modu-
lated. These were connected to the
input terminals of the commer-
cial frequency-modulation receiver
under test. This particular receiver
included a deemphasis circuit but
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not an audio amplifier, The audio
output of the receiver was fed into
the output system, which consisted
of the following units given in the
order of connection to the receiver:
(1) a calibrated voltage-dividing
network; (2) a high-gain voltage
amplifier; (3) a high-pass filter cir-
cuit; (4) an oscilloscope.

The voltage-dividing network
was used to produce an equal de-
flection on the oscilloscope screen
for the cases of interference and
desired signal respectively in the
audio output of the receiver. It
was thus possible to determine N/S
for various prescribed input condi-
tions. Because of the small magni-
tude of the interference voltage it
was necessary to provide the high-
gain voltage amplifier. Also, be-
cause of the small magnitude of
the interference voltage, hum
pickup of supply power frequencies
and harmonics thereof became ob-
jectionable. The high-pass filter was
inserted to eliminate this trouble.
The oscilloscope was used to give a
visual indication of the interfer-
ence wave form and also as an in-
dicator of its peak amplitude.

The over-all frequency response
of the output system is given in
Fig. 2. This includes the amplify-
ing circuits of the oscilloscope. The
effect of the filter circuit in cutting
off the lower frequencies is evident.
The linear frequency scale was
used to give direct comparison with
the cathode-ray oscilloscope pat-
terns.

For the particular receiver
tested, the over-all time constant,
corresponding to that which occurs
in the analysis, was measured and
found to be 80 microseconds.

In calculating the envelope of the
interference pattern so that it may
be compared with the experimental
pattern as seen on the screen of the
oscilloscope, the attenuation effect
of the output system with respect
to frequency is just as important as
the attenuating effect of the de-
emphasis circuit in the receiver.
Consequently, the envelope of the
calculated interference pattern is
proportional to the magnitude of
Eq. (9) multiplied by the fre-
quency response curve of the out-
put system.

Since the interference frequency
has a maximum value equal to the
frequency deviation, the shape of
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the interference pattern envelope
depends on the deviation. This en-
velope has been plotted for the two
representative deviations of 75 and
15 ke and for the measured time
constant of 80 microseconds in both
cases. These plots are given in
Fig. 3,

Photographs of the experimen-
tally obtained patterns for the same
two deviations and time constant
are shown in Fig. 4. In these pho-
tographs, it is possible to see the
actual variation in the interference
frequency. This variation is sinu-
soidal and is represented by the
changing density of the lines cross-
ing the horizontal axis. It can be
seen that the portion of the pattern
having the greater density of lines
is of a lower amplitude. This is
consistent with the attenuating ef-
fects of the output system and the
deemphasis circuit. To correlate
the effects of the various attenuat-
ing factors on the interference pat-
tern envelope, Fig. 5 is included.

Conclusions

The quantitative results are
given in Fig. 6. Before the sig-
nificance of the results is discussed,
it might be well to elaborate on how
the theoretical line, which indicates
N/S as a function of a, is obtained.
The theoretical line is obtained
from Eq. (10) using the measured
value of time constant equal to 80
microseconds. The value of inter-
ference frequency used was ob-
tained graphically from the calcu-
lated interference pattern envelope
for the 75-kc deviation. The inter-
ference frequency corresponding to
the maximum point in the envelope
was used in the calculations.

The measured and theoretical re-
sults deviate somewhat for increas-
ing values of a. This is justified
by the basic assumption that a is
considered to be much less than
unity,

The variations in measured re-
sults for different values of desired
input signal are probably attribut-
able to a slight error in the decade
attenuation box on the f-m signal
generator used. For small values
of a, where the theoretical line is
more accurate, these variations are
of little importance.

In conclusion, the significant re-
sult of this investigation is that
calculations relative to interference

made on the basis of an idealized
frequency-modulation receiver have
been applicable to a representative
commercial receiver.

This article is based on a bache-
lor’s thesis submitted to the De-
partment of Electrical Engineering
of Massachusetts Institute of Tech-
nology. The author wishes to ac-
knowledge the generous assistance
of Professor L. B, Arguimbau, who
supervised the thesis.

REFERENCES
(1) Reich, 1. J.,, Communications, Aug.
1940.
(2) Pollack, Dale, M.I.T, E.E. Doctorate

Thesis, 1940,
(3) Brainard, J. G., *Ultra-High Ire-

quency 'Techniques,” D. Van, Nostrand, New
York, 1942, p. 233.

’ e Ll

o
b
[

i o o s

RELATIVE AMPLITUDE OF INTERFERENCE

)

FIG. 5—Interference pattern envelopes

for various attenuating factors. A—de-

emphasis circuit and output system:

B--deemphasis circuit alone: C--theo-

retical envelope for no attenuating
factors
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FIG. 6—Ratio of interfering signal to

desired signal in the audio output of a

representative f-m receiver, plotted as a
function of the input signal ratio
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