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In the recent literature, two noise contributors in FM systems have
been analyzed:(7) intermodulation noise due to transmission deviations,
and (71) AM/PM intermodulation noise. Even though different, these
two contributors have the same property of being functions of the baseband
signal. Hence, one would expect them to be correlated to some degree.

In this paper, we derive the expression for the power density spectrum
for the sum of these two noise contributors. The resulling expression has
been programmed on a digital computer. It has been found that, under
certain conditions, the correlation can be guite significant. In fact, an
example using a representative FM radio relay system shows that the
correlation can result in greater than 4 dB error if the two contributors
are assumed to be uncorrelated.

I. INTRODUCTION

Two noise contributors in FM systems are: (7) intermodulation
noise due to transmission deviations, and (it) AM/PM intermodula-
tion noise. The first noise contributor is generated when an FM
signal is passed through a linear transmission medium which has
transmission deviations. The second noise contributor is generated
when an FM signal is passed through such a medium which is fol-
lowed by an AM/PM conversion device. These two noise sources
are different, in general, but have in common the property that they
are a funetion of the baseband signal. Therefore, one would expect
that they are correlated to some degree. This would mean that com-
bining the two noise power density spectra together assuming random
addition (uncorrelated random variables), i.e., power addition, might
not be sufficient in general.
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In this paper, we will derive the power density spectrum for the
sum of these two noise contributors. We will then examine the results,
with the help of a digital computer program, for the conditions under
which the two noise contributors are correlated. We will also present
an example using a representative FM radio relay system. However,
before considering the correlation problem, we will first briefly con-
sider the two noise contributors individually.

II. INTERMODULATION NOISE DUE TO TRANSMISSION DEVIATIONS

Intermodulation noise is produced in FM systems whenever the FM
signal is passed through a linear transmission medium which has
transmission deviations.* This situation is depicted in Fig. 1 where

epn(t)=cos[wct +@ ()] —= ¥ (@) F——= €our (LI =V (1) cos[wet +@ (1) + (L]

Fig. 1— Generation of intermodulation noise due to transmission deviations.

the transmission medium, Y (w), is represented by power series gain
and phase transmission deviations up to fourth order, or

Y+ w) = [1 + g + g0’ + g0" + gu']
cexp (b’ + by’ + bw']. (1)

where o, = carrier frequeney in radians per second. The output
signal is phase modulated by the desired signal, ¢(f), as well as the
phase modulating distortion function er(t). This distortion function
consists of first- (linear), second-, third- and higher-order functions
of the input phase modulating function ¢(¢). Because of their signifi-
cance in FM radio relay systems, we will concentrate on the second-
and third-order terms which will generate second- and third-order
intermodulation noise onee the signal is demodulated. In other words,
we will let

(G‘T(t) = ‘Fz(t) + <P:s(t): (2)

where g2 () and ¢3(t) represent the second- and third-order intermodu-
lation noise components produced by the transmission deviations in
Y (). In Ref. 1, these components were derived and are given by

* Transmission deviations are defined as any deviation in the gain and phase
characteristics from the ideal characteristics of constant gain and linear phase
for all frequency components of the FM wave.
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et = [ ot 10— 2 Bl + g0 @

ot = [ e, = a1, & o700 @

with the prime (‘) notation depicting the derivative with respect to
time. The A and [ coefficients can be expressed in terms of the trans-
mission deviation coefficients of the transmission medium by the ap-
propriate equations in Ref. 1. Equations (2), (3), and (4) can be
represented as shown in Fig. 2 where

H:(C'-‘) = ['1'1113."-'-’2 - %?\21'] + i[%lh'w] (5)
Hg(w) = 'Q"IIIH (6)
Hyw) = [§7s,] + i[—T2li0]. (7

The autocorrelation function of ¢(t) is given by
R, (1) = er(fealt + 7)
[e2() + @a(D]lea(t + 1) + @l + 7))
e(Des(t + 7) + ¢alDes(t + 7)
+ @(Deo(t + 7) + @(Des(t + 7)
=R, () + R.(1) + R,...(7") + R,,..(7), 8)

where the bar notation depicts the time average of the function over
an infinite interval, and e.g., R.,..(7) is the crosscorrelation of ¢4(¢)
and ¢.(f). In the Appendix of Ref. 2, it was shown that

Rv':s's(f) = R¢=¢:(T) =0 (9)

I

R, (r) = R, (7) + R, (). (10)

.p"z(t)—J Ha (W)

P (t)
®'(t)

Fig. 2—Block diagram of total intermodulation noise due to transmission
deviations.
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Taking the Fourier Transform of (10) gives
S = 8, + S,.(w), (11)

where S, (w) is the intermodulation noise power density spectrum due
to transmission deviations. We see from (11) that the second- and third-
order noise contributions are additive on a power basis since they are
not crosscorrelated. It can be shown that'

Ser) = 2 | Hi(w) [ F[RY ()] + 2 | Ha(w) [* R (7)]
+ 2[H(—w)Hy(w) + Ho(—e)H\(@)]FRS: ;o (7)]
+ 6 | Ho(w) |" SRS (7], (12)

where F denotes the Fourier Transform.

III. AM/PM INTERMODULATION NOISE

We see in Fig. 1 that the output signal from the transmission me-
dium is both envelope and phase modulated. If the transmission
medium shown in Fig. 1 were followed by an AM/PM converter®, i.e.,
a device that converts envelope variations at its input to phase per-
turbations at its output, then the signal at the converter output will
possess an added phase modulating distortion function along with
that shown in Fig. 1. This situation is depicted in Fig. 3. The added

t, AM/PM
e (L) =cos [wet +@ (1)] ¥ (@) Sour (1) CONVERTER  f——sBgyr(t)
K (DEGREES/dB)

Eour (1)=V(t) cos [wet+@ (L) + @ (1) + 67 ()]
Fig. 3 — Generation of AM/PM intermodulation noise.

distortion term, 6y (t), is similar in format to ¢r(f) and analogously
we will concentrate on the second- and third-order AM/PM inter-
modulation noise components. That is,

0-() = 6:(t) + 64(0), (13)
where 6.(t) and ;(t) are the second- and third-order AM/PM inter-
modulation noise components. These components were derived in Ref.

R* The characterization of the AM/PM converter is discussed on pp. 1750-51 in
ef. 2,
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2 and are given by
6u(l) = k[—l?\ 1,2y d—] () + K)o () (14)
2 22r izrdt 12 ardt2 @ g 3Ilarjp

03(t) = k[_%?\ai + 'llflli %]‘P’SU): (15)
where the A and ! coefficients can be determined from Ref. 2, and k is
the AM/PM conversion parameter which is defined as the phase
medulation index in radians divided by the amplitude modulation
index. Equations (13), (14), and (15) can be represented as shown
in Fig. 4 where

Gy (w) = [kielw’ — kIN,,] + i[k1l,0] (16)
Gz(w) = kfll'l-:r (17)
(3(w) = [—kEN] + kel w]. (18)
Since #,(t) and 83(t) are uncorrelated, we can write
Ryy(1) = Ry, (1) + Ry (7) (19)
or
Sﬂr("-‘) = Sa.(w) + Ss.(w); (20)

where S;,(w) is the AM/PM intermodulation noise power density
spectrum. It can be shown that®

Sorlw) = 2| Gi(0) |*F[RL(7)] + 2 | Galw) [* FRY ()]
+ Q[Gl(_w)GE(w) + Gz(_w)Gl(m}]ﬁ[Ri‘v”(T)]
+ 6 | Gy(w) |* (RS (7)]. (21)

Fig. 4 — Block diagram of total AM/PM intermodulation noise.



2442 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1967

1V. POWER DENSITY SPECTRUM OF THE SUM OF TWO NOISE CONTRIBUTORS

The previous two sections presented basic system models which were
used to describe the two noise sources under study. In this section,
we will treat the more general case whereby the signal to be demodu-
lated, after passing through a transmission system, will be given by

e(t) = cos [w.t + ¢(t) + () + 6:(0)].

composite distortion

The power density spectrum for each noise contributor has been de-
rived in Refs. 1 and 2, as previously discussed. However, adding these
two spectra together on a power basis, i.e., assuming that they are
uncorrelated, may yield a result which is grossly in error. In order
to determine the degree to which ¢r(f) and #r(f) are correlated, we
must derive the crosscorrelation function and examine its effect.

To examine the effects of erosscorrelation we combine Figs. 2 and 4
as shown in Fig. 5. The autocorrelation function of the sum of the two
noise contributors, ¢ (£) and 6z(f), is

R¢+a(f) = [‘Pr(t) + ﬁr(t)][#”r(t + T) + er(t + T)] (22)

=R, T(T) + Ry (7) + 0,(Der(t + T) + ‘PT(t)BT(t + 7).
The first two terms are given by (10) and (19), respectively. Sub-

<+ Py (t) 407 (1)

wua{ t)

¢ (1) —]

Fig. 5— Block diagram of composite intermodulation noise.
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stituting (2) and (13) into (22) gives

Rooo(r) = R, (1) + Ror(7) + 6.0t + 7) + 0.(Ds(t + 7)
+ 0,(Des(t + ) + 0(Dgalt + 1) + @a()0:(t + 7)

+ @00t + 7) + ()01 + 7) + u(D)0:(1 + 7) (23)
which ean be written
R..(r) = R, (1) + Ry, (7) + Ro,o.(7) + Ry, o.(7) + Ry, ,.(7)
+ Rﬂﬂ\":(f) + R»‘:”:(T) + R&"lﬂz(.f) + RFzﬂx(T) + R‘F:B:(T)‘ (24)

Using the same approach as in the Appendix of Ref. 2, it ean be
shown that

RB,;,(T) = Rﬂm\;‘a(r) = Rc:!’a(T) = Rw:\‘i‘z(T) =0 2'3)

S0
R,.o(r) = R, (1) + R, (1) + Ry, ..(7)
+ Ro,ou(7) + RBosou(r) + Bouol(r). (20)
Hence,
Speo@) = 8u,(@) + Sus@) + So,,)
+ Soeu(@) + Seole) + S, (27)

4.1 Consideration of S,, ., (w) and S, 4, (w)

To examine Sy, ., (w), the cross-power density spectrum of ,(f) and
os(t), we reduce Iig. 5 to the block diagram shown in I'ig. 6. Using
the relationship for the ecrosscorrelation of linearly transformed random
functions, we have

Se,,—,(!ﬂ) = G:{(_Q)II::(W)S;”(W)- (28)
It can be shown that'
R,.(r) = 6R%.() + OR>.(O)R, (7). (29)

The term 9R%.(0) R,.(r) is merely a scaled power density spectrum
of the input baseband signal and hence can be neglected since it does
not contribute to the intermodulation noise distortion. Therefore,

So,en(w) = 665 —w) Hy(w)F[R(7)]. (30)
By inspection, we can write
S, = 6H(—w)G3(W)F[RS(1)]. (31)
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P (t)—f Galw) —65(t)

Fig. 6 — Third-order noise correlation.

4.2 Consideration of Sy, ,,(w) and S,,s,(w)

To examine Sy, ,,(w), we reduce Fig. 5 to the block diagram shown
in Fig. 7. Now

Ot + 7)
[=(8) + y())ul(t + 7) + o(t + 7)]
= R.(7) + R..(1) + R..(7) + R..(7). (32)

Taking the Fourier Transform of (32) and referring to Fig. 7, we
can directly write

Rﬂ-w.(f)

Staea@) = G(—w)H, ()8, (w) + Go(—w)Hy(w) S, a(w)
+ Gi(—w)Hyw)Syrapra(w) + Ga(—)H (@) Sgrnpnlw).  (33)

Now it can be shown that*-2

S,na(w) = 28R}, (7)] (34)
S, a(w) = 25[R5. (7)) (35)
S,irprn(w) = 25[RY o ()] = Sprispralw) (36)
PEO) G @ P
+ 82 (1)
PO Ge@) =

Fig. 7 — Second-order noise correlation.
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neglecting the de components, Hence,
So,eu(w) = 2G(—)H,\()F[R(7)] + 2G:(—w)H)F[RY, . (7))]
+ 206 (—w)H,w) + Go(—w)H\()]F(R, (1], (37)
Similarly,
Sea.@) = 2H,(—w)Gy(@)F[R(7)] + 2H(—w)Gow)F[RY ()]
+ 2[Hy(—)Gi(w) + Hy(—o)G)]5[R, . (1)].  (38)
Substituting (12), (21), (30), (31), (37), and (38) in (27) gives
Sevolw) = 20| Hiw) " + | Gi(w) |*
+ Gi(—wH () + H(—w)G()|FR (7)]
+ 2{| Hu(w) I + | Goo) [ + Go(—w)Ha(w) + Hy—w)Golw) |F[RY(7)]
+ 2{H(—w)Hy(w) + Hi(—w)H () + Gi(—w)Gyw) + Go —w)G1(w)
+ Gi(=@)H.(w) + Go(—w)H,(w) + Hy(—w)G,()
+ Hi(—w)G:(w) SR ()] + 61| Hy(w) [* + | Gs(w) |*

+ Go(—w)Hy(w) + Hi(—w)Gy(w) |FRY (7). (39)
This expression, (39), gives the baseband power density spectrum
for the sum of two intermodulation noise sources: (i) intermodula-
tion noise due to transmission deviations, and (i7) AM/PM inter-
modulation noise. The effect of the crosscorrelation relationship shows
up as cross products of the defining transfer functions for each noise
source as would be expected. The second and third order distortions
of the summed noise spectra are additive as was the case for the two
individual noise contributors.

4.3 Signal-To-Noise Ratio
The signal characterization is the same as in Refs. 1 and 2, or
Se(w) = Pyla, + azfz + a‘-lf* + aﬁfﬂl} lf] =/ (40)

= pre-emphasized multichannel baseband signal power
density spectrum at the input to an FM modulator.

The constant Py is given by

(270)*

2 4 6
Zfb(an + aszh +a—"5f3 +%fb)

P, = (rad/sec)’/Hz, (41)
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where ¢ = rms frequency deviation, in Hertz, due to the multichannel
baseband signal; the a’s are the pre-emphasis coefficients; and f, is
the top baseband frequency, in Hertz. Hence, the signal-to-noise
ratio is

Sw'(‘-")
10 log === S @)’ (42)

where the signal and noise are defined by (40) and (39), respectively.

V. SOME BASIC TRENDS

The power density speetrum for the correlated sum given by (39)
does not readily lend itself to any generalized remarks as to the con-
ditions under which correlation exists and to what degree. In order
to derive some useful information on the subject, (39) was pro-
grammed on a digital computer. The computer input consisted of the
fundamental system parameters, e.g., peak frequency deviation, num-
ber of message channels in the baseband, etc., as well as the trans-
mission deviation values to be used for “AM/PM intermodulation
noise” and those to be used for “intermodulation noise due to trans-
mission deviations. Note that the transmission medium may be dif-
ferent for the two cases. For example, we could have the case where
the “AM/PM intermodulation noise” is created by a quartie gain
transmission deviation prior to an AM/PM converter, and the “inter-
modulation noise due to transmission deviations” is caused by a linear
delay distortion. The transmission functions for the two cases would be

Y + o) = exp ibzwz; Vimenlo +w) =1+ 9'4“’4- (43)

As a clarifying point, it should be remembered that the AM/PM
theory of Ref. 2, and associated computer program, are set up so that
we only obtain the “AM/PM intermodulation noise” due to quartic
gain, and not the “intermodulation noise due to transmission devia-
tions” caused by a quartic gain transmission deviation.

Both of the noise sources discussed in Sections II and III have
transfer functions associated of the basic form given in (1). Each
transfer function can have seven transmission deviations, so the prob-
lem of permuting all possible combinations to see which are correlated
becomes unreasonably cumbersome. However, a potentially useful test
is to evaluate the correlation between ¢r(t) and 6y (t) when Y;(w) and
Y sapm (@) each have only one transmission deviation for each com-
puter run. There are 49 possible combinations, one of which is given
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by (43). Any results one obtains will depend on the inputs used, and
because of the format of (39), one cannot make one run using nor-
malized results and then seale all future runs according to some pre-
determined rules. For that reason, the results to be given can only
be used to indicate trends.

The 49 runs previously mentioned yielded eight significantly cor-
related combinations. The evaluation of the results was made by adding
the individual power density spectra S, (w) and S;,(w) on a power
basis and comparing the results with those obtained from S,.,(w),
i.e., the power density for the correlated sum. Only top channel noise
was used in the comparison. A combination was considered to be
significantly correlated when the power sum and correlated sum dif-
fered by more than a few tenths of a dB. The amount that they differed
depended on the inputs, but for the values used,* some cases had
the correlated sum up to 3 dB above the power sum, in the top channel,
and some combinations caused the correlated sum to be as much as
15 dB below the power sum, in the top channel.

The eight significantly correlated combinations are shown in Table I.

TABLE I —CoRRELATED COMBINATIONS

Conditions under which the
correlated sum is higher than
the power sum (assuming k is

Transmission deviation in positive)
¥lw) VaM/p M (w
1. 73 ba ga or by is negative
2, bs 0 bs is negative
3. ba s ba and g» positive or
ba and g negative
4. b 04 ba and g, positive or
b, and g, negative
5 by 03 b and g3 positive or
by and g3 negative
6. by i b, 18 negative
7. by g by and g positive or
| by and g» negative
8 by ¢4 by and g, positive or
by and g4 negative

We see from Table I that the sign of the transmission deviations
determine if the correlation is positive or negative, i.e., whether the

*Same values as those used in Section 322 of Ref. 2: all gain transmission
deviations have 1 dB distortion, relative to the carrier, at 10 MHz away from the
carrier; all delay transmission deviations have 1 nanosecond distortion, relative
to the earrier, a 10 MHz away from the carrier.
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actual noise power is larger or smaller than the power one would obtain
from power addition of the two individual contributors. Also, we see
that all eight cases have the same format, i.e., if one transfer function
has a delay transmission deviation, the other transfer function has a
gain transmission deviation and vice versa.

Referring back to (39), we see that all of the correlation terms have
the same format, ie., a G;(%w)H;(+w) product. Since these terms
have k as a component, the sign of k will play a role in determining
if we have positive or negative correlation.

The results of Table I give us an idea of when to expect significant
correlation, that is, when power addition should not be used. These
results should prove useful for the more complex problems which are
confronted in practice.

VI. SYSTEM EXAMPLE

In Section 3.3.4 of Ref. 2, a representative FM radio relay system'’s
repeater characteristics were used in deriving the noise responses shown
in Fig. 11 of Ref. 2 and reproduced here as Fig. 8. The radio system
carried 1200 message channels, had a peak frequency deviation of 4
MHz and a top baseband frequency of 5.772 MHz, and had an rms
frequency deviation of 0.771 MHz. The system was pre-emphasized
by the function shown in Fig. 5 of Ref. 2. The basic repeater was

30
25
%_ | INTERMODULATION NOISE
// “~| DUE TO TRANSMISSION
20 7 DEVIATIONS, UNEQUAL— —
IZED REPEATER
Q s
e AM /PM INTERMODULATION —
[ NOISE DUE TO THE BPF _ ~h._ e
@ 10| BEFORE THE TWT(2.5°/dB)
©
z 5 __—
L
]
S ) A
V4 *\| INTERMODULATION NOISE
/ ~DUE TO TRANSMISSION
-5 — DEVIATIONS, EQUALIZED
/ REPEATER
-0 /
-15
0 i 2 3 4 5 6

BASEBAND FREQUENCY IN MHZ

Tig. 8 — Representative radio system noise responses.
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e — - —— - ——— ——— YI W —— -
+2.5 DEGREES/dB )‘
e =Cos[wct +@ (t)] ——=f Yay/pp (@) | Y —e
BANDPASS TWT
FILTER AMPLIFIER

Fig. 9— Repeater model.

gain and delay equalized and, from an analytical point of view, could
be represented as shown in Fig. 9. The transmission characteristics
for the equalized repeater, Y ;(w), and for the bandpass filter, ¥ y/p (@),
are shown in Fig. 10 of Ref. 2 and reproduced here as Fig. 10. The
associated least squares fitted transmission deviations are as follows

Transmission deviations Vilw + w.) Yinmem(o + w,)
7 —9.67 X 107" 3.81 X 107"
72 7.00 X 107" 9.17 X 107"
7 1.17 X 107*° 9.04 X 1077
4 —2.57 X 107 —1.97 X 107*
by 6.50 X 107" —4.82 X 107"®
by 5.58 X 107*¢ 8.09 X 107**
b, —3.16 X 107* —3.35 X 107

The power sum of the AM/PM intermodulation noise and the inter-
modulation noise due to the equalized repeater’s transmission deviations
(both are shown in Fig. 8) is shown in Fig. 11. Also shown is the power
density spectrum which includes the effects of correlation between
the two contributors. We see for this example that the actual noise
is 4.5 dB lower in the top channel than that obtained from power addition
alone.

Another interesting result is the curve shown in Fig. 12. This figure
shows how the sign and magnitude of the AM/PM conversion factor
can affect the noise response of a given system.

In Table I, eight correlated combinations were given. Of these
eight possibilities, the first combination is probably responsible for
the correlated sum being smaller than the power sum as shown in Fig. 11.
There are three reasons for this observation: () the parabolic delay
in ¥,um/pm(e) is quite large, and the cubic gain in Y,(w) is a significant
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40 —1.02
14l * BPF (BANDPASS FILTER PRIOR TO
THE TWT) CURVES USE THE SCALES
ON THE RIGHT.
1,010} 1.2 T | E 35 —1.01
|
1.0 BPF GAlN*I |
: —— - / 30 -{1.00
)/ UNEQUALIZED "
w o8 GAIN  ——t g
2 1.005- 2 —— —1— 255 099 9
< O 0.6 -EQUALIZED i <
T w GAIN 0 ®
z o ‘ / 202 oses z
< Z 04 < <
w g z U
¥ 1oool- z o.2/— . S \1s 2 o7
< = UNEQUALIZED N <
] % DELAY —-y < 9
o - o
> 4 ° =N/ 10l —oos >
w EQUALIZED |
_oz2k \,  DELAY —1
0.995 // / N 5 —{0.95
e T <
| AN cyz/ 0 ~|o.94
—0.6f~ BPF DELAY*
cagol. -o08 1 -5 _lo.as
62 64 66 68 70 72 74 76 78
FREQUENCY IN MHZ —
EQUALIZED UNEQUALIZED

Tig. 10 — Gain and delay characteristies.

part of the equalized repeater gain shape; (i7) this combination causes
negative correlation when the transmission deviations are both positive
and the AM/PM conversion factor is positive; and (i77) a negative
value for K causes positive correlation,* for this combination, which
is consistent with the results shown in Fig. 12. Hence, the trends given
in Table I can be useful for more complicated problems and may serve
as a tool for optimizing a system’s noise performance.

VII. CONCLUSIONS

In this paper, we have studied the correlation which exists between
two noise contributors in FM systems: () intermodulation noise due
to transmission deviations, and (7) AM/PM intermodulation noise.
The first contributor is generated when an FM signal is passed through
a linear transmission medium which has transmission deviations. We
denoted this medium by Y (w). The second contributor is generated
when an M signal is passed through a similar medium, denoted by
Y s ssea{w), which is followed by an AM/PM conversion device. These

* When the transmission deviations are both positive.
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20
Q15 -
Q /
=
3 10 E "///
o POWER
z SUM /___.-—""" ___-___‘__./

5

w //"EE;PELATED
3 o /] SUM
z //

-5

0 1 2 3 4 5 [
BASEBAND FREQUENCY IN MHZ

Fig. 11 — Comparison of power sum and correlated sum for a representative
radio system.

two media may or may not possess the same transmission deviations
in practice.

Even though these two contributors are different, they do possess
the same property of being a function of the baseband signal. There-
fore, one would expect that they would be correlated to some degree.
This would mean that combining the two noise power density spectra
assuming random addition (uncorrelated random variables), i.e., power
addition, might not be sufficient in general.

To study the amount and character of this correlation, the power
density spectrum was derived for the sum of the two noise contributors.
The resulting equation was programmed on a digital computer and
evaluated. Becausé of the format of the equation, no generalized re-
sults could be obtained. However, it was found that certain conditions
exist under which the correlation ean be significant. These conditions,
even though not all engrossing, should prove useful in the complex
problems which occur in practice.

n 5
Se o I S——
F2W m
«nzo; O
T 6048
n-au.'"g
EhZ -5
E<h=z
8dﬁzJ
SE9n% 10 N
<8£u <z[
I -15
v -3 -2 =1 0 1 2 3

AM/PM CONSTANT K IN DEGREES PER DECIBEL

Fig. 12 — Affect of sign and magnitude of AM/PM constant on correlated sum
for a representative radio system.
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A representative FM radio relay system was examined, and it was
found that the power density spectrum for the correlated sum of the
two noise contributors was substantially different than the power ad-
dition of the individual noise spectra. In the top channel, the corre-
lated noise power was about 4.5 dB lower than the noise resulting
from a power sum.

It was also shown that a simple change in sign of the AM/PM
conversion factor k, or certain transmission deviations, can cause the
correlated noise to be substantially higher or lower than the power
sum of the individual spectra.
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