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Consider the case of a network as in Fig. 1, having input consisting

of a coherent signal power s1 2 plus a noise power 'tn .
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FIG. l--Notation for noisy network.

The network is defined by a noise figure ratio F and a power gain ratio

G . G uy be > 1 (net gain) or < 1 (met attenuation).

The input noise Nm consists of two components

Here T = KT-Af {s the Johnson noise level and AN 1ie the "excess"

noise sbove Johnson noise.

After going through the network of Fig. 1 the output noise is

et = FGT + C Miﬂ é ; : (2) .
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That {s, the Johnson noise component is multiplied by FG , while the excess

é noise is just multiplied by G . ’ ——
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Consider s tandem array of networkl.u' in Fig. 2.
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FIG. 2--Notation for chain of n'etwrks.
We then have Eqs. (3) to (5).
Sn - Gn n-i ' : : (3)

N1 = TN, . : (4)

N, = FGT+G AN , . : (5)

Combining (.3),‘(h), and. (5) gives Eqs. (6) ;nd (7).
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Along the chain of networks, then, the signal to noise ratio at n=b

compared to that at n = & {s given by

b
i o 8—‘ b4 pn .
% N :
p, = & —;.1 . 3
n r,+ M:-l : (1)

Let us nov consider the case in which the noise input to the first network

of the series (n =0) 1s Johnson moise T , f.e., AN /T = O . Then

~

wve have Eq. (8),

pn .
_n i n-1
% - (rncn 1) + P

- (rncu-l) + cm(t*n_l Acnal-l)

(8)

+66 , (F 56 5-1)
4 o000 (Gncn‘l. o e ce) (FIGI = 1) °
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1f we sssume the F G >>1 for all n , Eq. (8) becomes Eq. (9). 1If all

netvorks are identical so that F_=F and c"- G , then Eq. (9) becomes

|

4 an ]
| -.r_ ~ ¥l * ¥ocl %% -1 * ¥u-0%%-1 G2

o004 '1(% Giyg o - - °1) (9) -
;‘ -~ 2 n-1 |
: — ~FG(1+G+6G +...+6G ) ‘
: T ;
1 1-¢™ 1
: = FG — : g (10)
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(1-6) + Fe (1-61)

Pp *

P (1-G) + F¢ (1-¢™1)

v

(1-¢) + ¥6 (1-¢™1) . .
- : (1-3“) . (11) F

If ve let G - then, in Eq. (11), Pn ~ 1 . In this case the noise
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figure of the system does not change as we go along the chain. In some




applications, the output of the chain in Fig. (1) would, in effect, be
connected directly back to the input. We then inquire how many circulations
an injected signal can make around this closed loop, for a given degrada-
tion in the signal-to-noise ratio, with the gain adjusted for a stable loop !

N

(no 'ulf-occi.llation). In this case G 1s limited in value to the neighbor-

| hood of unity and less. Thus put G =1+ € , which gives for p , as

{ € -0, 5 ¢ ; « ]

e+F(n-1) ¢ (a-1)F+1
a © Fne - .n!‘

. . (12)

Let us evaluate the S/N ratio after n sections. We have from Eq.

(12)

F+l1l 2FP+1 3F+1
np, = . . . . :
s 4 oF 3F * (n-1)F  oFf

(n-1)F+1- 1

1
- E(F) + — . . (13)
oF :

vhere f£(F) > 1 and approaches 1 as F becomes large. Thus putting

£(F) = 1 underestimates the S/N ratio, so that
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Yor example, i1f F = 10 (typical 10 dB noise figure), and if n = 10° , then
-n—:,- = 104 . In this case the S/N ratio is degraded by less than %0 dB in

going through 1000 utvo?h each having noise ﬂ.éz;re of 10dB .,




