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Problem #1 (30pts): 
For the following circuit shown in figure 1 
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Fig 1 

a. Find v0 (t) 

b. Plot v0 (t) and vi(t) 

c. Plot lh(w)l 

d. Design an active RC circuit which is equivalent the circuit in figure 1 

Problem #2 (35 pts): 

For the following straight-line plot shown in figure 2 
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a. Construct transfer function H ( s) 
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b. Design a cascade of first-order active RC circuit to realize the transfer function at the cutoff frequency 

of lOK Hz, and 0.5 Jl.F capacitor 

c. Using RC components and only one amplifier to design the circuit which has the same transfer function 
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Problem #3 (35 pts): 

For the following circuit shown in Figure 3 
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a. Find the transfer function H(s) = Vin 
Vo 
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b. Design Another Active RC circuit Which has the same transfer function H(s) = Vin 
Vo 

c. Design passive RLC circuit Which has the same transfer function H(s) = Vin 
Vo 
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706 Two-Port Circuils 

TABLE 18.1 Parameter Conversion Table 

v22 au b22 !J.h 1 .::u ~ - = - = - = - = -
1 y a21 b21 h22 gll 

Y12 1a 1 hl2 g12 
.::12 ~ - 1y -

a21 b21 h22 gll 

-y21 1 1b h21 &1 
Z21::::::: -- =- =- = ---

Cl v a21 b21 h2::_ gll 

Yu a::_2 bu 1 1g 
;_,..,,.,::::;::- =- =- =- =-
-- 1 v a21 b21 h22 gll 

:;--,.., Q..,,., bu 1 j,g 
V11 "" __::::: = -= = - = - = -
- 1z ac b12 hu gz2 

.::12 1a 1 h12 g12 
Yl2 "" -- = --~ - -- = --

1.:: a12 b12 hu g22 

-=~1 1 1b h21 g21 
Vol "" -- - -- - -- - - - --
"- .1.:: a12 b12 hu g22 

.::u au b22 !J.h 1 
Voo ==' - = - = - = - = -
"-- 1z a12 b1::_ h11 &2 

.::u Y22 b::.2 1h 1 
all "" - = -- - - - -- -

Z21 Y21 1b h21 &1 

!J.z 1 bl2 hu g22 
Gp "" - = -- - - = -- = 

- Z21 Yn !J.b hn &1 

1 .1v b21 h22 gll 
a21 "" - = --- - - -

hn .::21 Y21 .1b g21 

Z22 Yn bu 1 1g 
an"'- -- - -- - -

Z21 Y21 1b h21 g21 

hu = Z22 _Y11 _ aoo _1 - _1g --
Z12 Yl2 1a hJ2 gl2 

Cl7 1 a12 !!JJ. - - g22 bJ2 = ______:: ----
Z1::. Y12 1a hl2 &2 
~ 

~ 

Relationships Among the Two-Port Parameters 
Because the six sets of equations relate to the same variables. the parame
ters associated with any pair of equations must be related to the parameters 
of all the other pairs. In other words. if we know one set of parameters. we 
can derive all the other sets from the known set. Because of the amount of 
algebra involved in these deriYations. we merely list the results in Table 18. 1. 

b21 
1 g11 

Z12 

Clv 

Y12 

a21 

.1a 

hn 

h\2 gl2 

Zu Y22 all !J.h 1 b,, - --
-- Z12 Y12 1a h12 gl2 

1z 1 al2 = b12 hu---
Z22 Y11 a22 bn 

Z12 Y12 !J.a 1 hl2- - --- --
Zzz Y11 a22 bn 

g22 
1g 

&2 
t.g 

h21 -
.::n Y21 -
Z22 Y11 

1 
---

a22 

1b g21 
b

11 
= - 1g 

1 !J.y a21 b21 gu 
h'7 = - = - = - = - = -

-- Z22 Yn a22 bu 1g 

1 !J.y 
gu = ~-

Y22 

a21 b21 _ h22 

au b22 1h 

.:12 Y12 1a 1 h\2 
g12- - -= -----

zu Y22 au boo t.h 

Z21 Y21 1 t.b h21 
- -g21 = Zn 

Y22 

- - -
au b22 !J.h 

1.:: 1 Cl 12 b1::_ hu 
g7' - - - = - - - - --
-- Zu Y22 au b22 !J.h 

1.: - Z11Z22 - Z12Z21 

!J.y = Y11Y22 - Y12Y21 

1a - aua::.z - a12a21 

!::,.b = bub22 - b12h21 

!:lh = huh22 - h12h21 

!J.g = gllg22 - gl2g2l 

Although we do not derive all the relationships listed in Table 18.1. we 
do derive those between the z and y parameters and between the z and 
a parameters. These derivations illustrate the general process involved in 
relating one set of parameters to another. To find the z parameters as 
functions of the y parameters. \Ve first solve Eqs. 18.2 for vl and ~:. We 


