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Consider th. case of a network as in Pig. 1, having input consisting

of a coheren t signal power $~~ plus a noise power 
~th

• sin F .
. 
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FIG. 1--Notation for noisy network.

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

C • C usy be > 1 (net gain) or < 1  (net attenuation).

• The input noise ~~ consists of two com ponents

T + ANin . • (1)

Ner. T — ~~Af ii the Johnson noise level and 8N is the “exceis ”
• nois. above Johnson noise.

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

• Rout — F G T + C~~~~~~ • 
‘ (2)

That is, the Johnson noise couçonent is multiplied by FC , while the excess

noise is j ust altiplied by C
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- Consider a tandem array of networks aè in Fig. 2.
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FIG. 2--Notation for chain of networks.

Vs then have Eqs. (3) to (5).

Sn (3)

a T + A N~_1 Qi)

• a PnCnT + G n~~Nn_i • 
(,)

Combining (3), (J~), and (5) gives Eqs. (6) and (7).
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~‘ Along the chain of networks , then , the signal to noise ratio at n — b

compared to that at n — a  is givsn by

p 5

• 
~~~~~~~ 

____
£~~~ T

(7)
~n i ~~ T

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

of the series (n — 0) is Johnson noise T , i.e., ~LJr — 0 • Then

vs have Eq. (8) ,

_
~R _ ( F G _ 1 ) + G  n-i • .

• T

— (
~~~~

) + c0(F~~1 c 1-l)

(8)

+ c~c0_1 ~~~~~ 
C~_2 1)

• + . ‘ . 4 ( G c 1 5 5 . c 2) ( p c . 1) .
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If we assume the F0C0>> 1 for all n , Eq. (8) becomes Eq. (9). If all

networks are identical so that F~ — F and C0 — C , then Eq. (9) becomes

F0C~ + Tnl C0G~~1 + P~~2C0C0 1  G 2

+ .  . •+F 1(C~~
C
~_1 

. . .o~) (~
)

• 
f~~..FG (1+c+G

2
+ . . .+ ?~

1)

• 

•

m PG • (10)
1 — C

( i - G ) + P c (1-c~~~)
I’ p (1_G )+FC (l_G n I

)

• (1-c)+Fc ( l -c~~~)
— (11)

P ( 1_ 0fl
)

If we let C —~~~~~~ then, in Eq. (11), p~ I . In this case the noise

figure of the system does not change as we go along the chain. In some
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app lications , 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 signa l 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

(no self-oscillation) . In this case C is limited in value to the neighbor—

bood of unity and less. Thus put G — 1 + c , which gives for ~~~~~~
• s .-.0 ,

(n-i )  7 +  1
• 

— • • (12)
P u s  uP

Let us evaluate the sft ratio after n sections . We have from Eq.

(12)

7+1 27+1 ~~+l  ( n - l ) F+ l  1
wp — ——-—

• fl F 27 37 (n-1) P oF

1
— f(v ) • —  

• (13)
OF

• where f(F) > 1 and approaches 1 as F becomes large . Thus putting •

• f(F ) 1 underestimates the S~~ ratio , so that
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(sft)~ 1
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> —  . • (lie)

(s/~)1 uP

• Por example, if F — 10 (typical 10 dE noise figure), and if u — 1O~ , then

~~~. lO~ • In this case the sft ratio is degraded by less than h O dB in

going through 1000 networks each having noise figure of 10 dB
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