
Noise in Cascaded Amplifiers 
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Noise in multiple cascade amplifiers 
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Noise in superheterodyne receivers 
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Noise in superheterodyne receivers 
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Basic receiver types-Amplification 
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Basic receiver types-Combinors 
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Passive Multiport Networks 
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Passive Multiport Networks 

5) “Magic tee” 
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Linear Passive N-port Networks 
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Gain definition for N-port networks 
“Transducer gain” 

AjDk 
2 

kj 
2 

j 
2 

kTkj PPSabG ==∆ 

Therefore available power from port K = 

But FPA = fractional power emitted, if reciprocity applies. 

i.e. fractional power absorbed (FPA) = 2 
kk2 

k 

2 
k 

2 
k S1 

a 

ba 
−= 

− 

( )2 
kk 

2 
k S1b − 

Therefore [ ] ( ) =−= 
2 

j 
2 

kk 
2 

kE aS1bG 
kj kjE2 

kk 

2 
kj G 
S1 

S 
= 

− 

“Exchangeable gain” (~”available gain”) 

Note: available power out 
due to possible port-k mismatch

2 
jE 

E 
E 

a 

? 
P 

P 
G 

j 

k 
kj 

=∆ 2 
kb≥ 

P2 



Constraints on N-port networks 

Lossless passive networks ∑∑ 
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Example of constrained N-port networks 
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Example of constrained N-port networks 
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Another N-port network example 
Can we match all 3 ports simultaneously? 
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Lossless passive reciprocal symmetric 4-port network 
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