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Back to the chain matrix:  
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Integrator:  

 

 

 

€ 

V2 =
−V1
sRC

 

€ 

I1 =
V1
R

  

 

 V1 = -sRCV2 + 0.I2  
 I1 = V1 / R = -sCV2 + 0.I2  
 

€ 

T =
−sRC 0
−sC 0

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ = sC

R 0
1 0
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥  

 

   

Cascaded integrators:  

 

€ 

T1T2 = s2C0
2 R

2 0
R 0

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ = (−sRC0)

2 1 0
1/R 0
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥  

 

 

NOTE: B=D=0 means buffered two-port!  
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Symmetric, reciprocal constant-resistance twoport.  
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Check:  
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Transfer Functions for Terminated Twoports 

Transfer Function: Possible output/known input (voltage or current. For a two-port, we 
may have 

Voltage ratio, voltage gain: Av(s) = Vs(s) / E(s) 

Transfer Admittance: YT(s) = I2(S) / E(s) 

Transfer Impedance: ZT(s) = V2(s) / I(s) 

Current Ratio, current gain: AI(s) = I2(s) / I(s) 
 

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

62	  

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

63	  

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

64	  

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

65	  

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

66	  

 

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

67	  

 

 

 

 

 

 



 ECE 580 – Network Theory  Transfer Functions 
Sec. 5.5 Temes-Lapatra 

 

	  

68	  

Design of passive two-ports: filter, equalizer (gain or phase).  

Delay line 

 

 

Specs → Transfer functions → Zoc, Ysc, T, … → circuit 

Example:   

Calculate ZT = V2 / I for the circuit shown using its zij parameters.  

Solution:  

Since ZT = zI2R / (z11 + R), we first find  

 

€ 

z11 = 2s2 +1( ) /s s2 + 2( ) ≈1/2s,s→0  
 

€ 

z12 = V2 /I1( ) for I2 = 0 → z12 = 1/(s3 + 2s), s→ ∞  
 

Substituting gives 

 ZT = 1/ (s3 + 2s2 + 2s+1)  
 

Checks: for s=0, ZT(s) =1; true from circuit diagram. For s→ ∞, ZT(s) → s-3, also obvious 
from circuit.  
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Example:   

Find the zij and AI for the circuit shown. The results are:  

 

€ 

z12 =
3

s(s2 + 2)
              

€ 

z22 =
(s2 +1)(s2 + 3)
s(s2 + 2)

 
 

 

€ 

AI ≡
I2
I

= −
z12
z22

=
−3

(s2 +1)(s2 + 3)
  

 

 

Again, testing for z=0 shows that z22= -z12 = 1/(2s/3) and AI=-1 are correct, as are z22 → 

s, 

€ 

z12 →
3
s3

 and AI → 

€ 

−3
s4

 

 

 


