Purdue University, School of Electrical and Computer Engineering Prof. DeCarlo

ECE 202 LINEAR CIircUIT ANALYSIS IT (SP’09)
Homework #19 Solution (73-76)

Problem 73
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(a) Find Y-parameters
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I Y21 Yoo | Vo

————
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To find Y-parameters we need to express I; and I in terms of V} and V5. We will do this by writing

node equations at nodes A and B as indicated in the diagram.

node A: 0=1I+ VY, + (Vo — Va)Ys (73.1
node B: 0=—Iy+ VoY + (Vo — Va)Ys (73.2)
Using voltage relationship of ideal transformer we get
Va =nVj (73.3)
A 1. 1
Iy =— -1 = ——(I + gn)2) (73.4)
n n
Substituting V5 and I; into (eq.73.1) and (eq.73.2),
1
0= _E(Il + ngQ) + (nvl)ﬁ + (’erl - V2)§/2 =1 = (nQ(Yl + Yz))vl-l- (—gm — nYQ)VQ
0= —IQ + V2§/3 + (VQ — nV1)§/2 = _[2 = (—nYz)VrF (YQ + 5/3)‘/2
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Writing into a matrix form,

PR R el ]

Plugging in the given values, we get
L
L]

Z-paramter is simply the inverse of Y-paramter.

1.6 —2.4 Vi
—-04 0.2+4+0.5s]||V2

(b)Z-parameters

[1] = [Y][V]
Y171 = [V]
= [2)=[v]"
1.6  -24 17"
- [—414 0.2—%(l55}
1 0.2+0.5s 2.4
_(16xa2+muw)—(—24x—04)[ 0.4 15}

1 0.625s +0.25 3 0]
s —0.8 0.5 2

(c)impulse response vy(t)

Before any connection the matrix equation is:

<—

O o

+ +
zZ, z
1 12

V1 Z:|: :| V2
Z Iy

O — — O

[V1:| _ [211 2’12] [11}
Va zo1 222] 12
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When port 1 is connected to a current source and port 2 is connected to a Ry, = 10 resistor, our

matrix equations changes in the following way:
Since Il = Im(S) =1 and IQ = _‘/QYL,

Iy
—

+

Vi

%0

211 212 |1
291 222] |12
211
291

I
1

Writing out the second equation,

B ]

=) )

Va
Vo =201 — 200 2
0 =Z91 — 229 Ri
Vo + 2221% =291
_ 201 R,
2 z99 + Ry,
1/2
10
_S— 0.8( )
10
s—0.8 +
5212
5s—3 s5—3/5
va(t) = 0.5e 000y (1) [V]
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MATLAB codes

syms s Il I2 V1 V2 yll yl12 y21 y22 Y Z z11 zl2 z21 z22
gm=2; n=2; Y1=0.2; Y2=Y1; Y3=0.5x%s;

y1l=n"2x (Y1+Y2) ;

yl2=— (gm+n*Y2) ;

y21l=—nx*Y2;

y22=Y2+Y3;

Y=[yll y12;y21 y22]

pretty (simplify(Y))

o\°

oe

% [8/5 —-12/5 ]
% [ ]
% [—-2/5 1/5 + 1/2 sl
Z=1inv (Y) ;

z11=2(1,1); z12=Z2(1,2); z21=Z(2,1); z22=7Z(2,2);
RL=10;

V2=RL%z21/ (z22+RL)

o\°
=

oe

5/2

oe

-3 + 5 s
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Problem 74
Rs 4 P
—\NN—O0—— O
+ +

Yu Vi

VsC) Vi Y :[ } Vs R.
r Yo Vm T
‘ N\ A ‘
Yin Yout
R, =1Q = —1S = 0.75S =0.25S, R *8QE* 2
s — , Y21 = , Y12 = U. y Y22 = U. 5 L — 7‘/3_S+6
(a)yn
E _ Zin _ Y o 2
‘/s B Z7n+Zs B }/;n+ys B 5+6
s+ 4 s+ 4
Yinls) = 5—Y, = 25
Input and Output Immittance
Source . Iy I,
Immittance — > «—
Ys O—]
+ +
VSC) v, = Yu o T V, T
- Load
’—>_ ST EY -T Immittance
| ° |
Input Immittance OUtpUt Immittance
. . V12721
I t tt = —

HPHE Hmmmianee = am 722 + (load immittance)

V12721

Output immittance = y99 —
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Using above formula,

Y12Y21
Yin(s) =y P
Y12Y21
Yoo + Y7,
:s—%4_+(075X—l)
2 0.25+1/8

=515

Y11 =Yin(s) +

Y11

(b) Yout

Y12Y21
y11+ Ys
(0.75)(—1)
s/2+1

Yout =Y22 —

=(0.25) —

18+8[]
4s+2

(c)Voltage Gain G, = %

S

_r_Bkh
AR

“(miw) (2 5)
Yin +Y5 Yoo + Y7,

16/3
s+6

Gy

(d)Power pr,(t) absorbed by R,

Given vs(t) = 30u(t) V, Vi(s) =30/s
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(;v:: %%':> Véizc;vvg
4716/3 30
Ts+6 s
160
 s(s+6)

= ua(t) =3 (1- ) [V]

v 2 2
nio =200 4 (Fa-em)

= 22— )

MATLAB code

syms s I1 I2 V1 V2 yll yl2 y21 y22 Y Yin ¥Ys Yout Gv

Rs=1; Ys=1/Rs; y21=—1; y12=0.75; y22=0.25; RL=8; YL=1/RL;
Vs=30/s;

Yin=(s+4)/2;

y11l=Yin+yl2+y21/ (y22+YL)

% 1/2xs

Yout=y22— (y12%y21) / (y1l1l+Ys)

o 1/4

% 16/3

% 160

% (6 + s) s
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Problem 75 Admittance Parameters

l4 lo
o] 0
+ +
Vi Y = Yu Yo v,
] Yau Vo ]
O— O
I I
Y11 = Y12 =
Vi V=0 Va Vi=0
I I
Y21 = — Y2 = —
Vi V=0 Va V1=0
(a) Y-parameters
Short-ckt port-2 = V5 =0
Given
w 1
uilt) = (1 — e tyu(t) =) =
_ 1
va(t) = —eStu(t) = Va(s) = ~373
l1=lstep 2
O O
+ +
Y Y
T A P I
] Yo Vo ]
N\
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I 1 s(s+4) 1s(s+4)
Y21 = o = - =|————F[5]
Vi lvi—o s+ 3 4 4 s4+3
Il 1 S(S+4) 1
B =(= == 4)[S
A P <s> U

1€) resistor at port 2

Given
95+ 6
_ —4t —4t _
vi(t) = (1 —e " 4+ te” " )u(t) = Vi(s) S5 A2
1
t) = —e "t =V —
alt) = —e~ ") )= -
11=lstep I
e +
Istep=1/S CT) V4 Y = yl] ylz Vs R=1Q
] Yo  Vn )

[ I ] _ [911 912} [Vl]
WYL y21 Y22 | Vo
[11] _ [3/11 Y12 } |:V1:|
0 yo1 Yoo + Y| | Va
I =yuVi + y12Va

0 =y V1 + (y22 + Y1) V2

Rearranging (eq.75.2) we get

() ()

s+ 7
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and from (eq.75.3),

(b) Zin(s)

Vy = —Y21

Sy + YL !
Wi
= Yoo = — Y1 — yo1—
Y22 L y21v2
1s2+23s+64
]
4(s+3)(s+4)
s+ 7
4 _
1 (s+4) s+4

T 1| s(s+4) 54235464

s+3  (s+3)(s+4)

Y12Y21
Y; (5) =Y11 — m
_82 + 8s + 16
b5+ 16
1
Yin(s)

55 + 16

S e e
82+88+16[ )

Zi (8) =

(c) Steady state magnitude of the gain

i1(t) = cos(4t)u(t) = I(s) =

S

Using the Y-matrix obtained from part (a) and (eq.75.1),

s+ 7
4 _
(s+4) 4

s
1| s(s+4) s®2+23s+64

52416

s+3  (s+3)(s+4)
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The values of V; and V5 can be easily calculated using MATLAB. Using MATLAB,

MATLAB code

syms s yl1l y12 y21 y22 vl v2 V1 V2 Y I1 I2 RL YL Yin Zin I V G w
$Part a)

Vli=laplace(l—exp(—4xt)) ;

I2=laplace(—exp(—3xt)) ;

v2=0;

I1=1/s;

y11=11/v1

o 1/4 s + 1
y21=12/V1

o s (s + 4)
% — 1/4

% s + 3
$Part Db)

RL=1; YL=1/RL;
Vli=laplace(l—exp(—4+t)+trexp(—4*t)) ;
I2=laplace(—exp(—7xt)) ;

V2=—I2%1;

y12=(I1—y11l%V1l) /V2

S s + 7

s — 1/4

S s + 4
y22=—YL—y21+V1/V2

o 2

% S + 23 s + 64
P 1/4

% (s + 3) (s + 4)
Yin=yll—(y1l2xy21)/ (y22+YL)

o 2

S s + 8 s + 16
S 5 s + 16
$bPart c)

I=[s/(s"2+16); 0];
Y=[yll, y12; y21, y22];
V=inv (Y) +I
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oe

% [ 2 ]
% [ (s + 23 s + 64) ¢l
3 vVl = [1/4 ]
% [ 2 2 ]
5 [ (s + 4) (s + 16)]
o [ 2 1
% [ S ]
o V2 = [ 1/4 ——— ]
o [ 2 1
o [ s + 16 ]
V2=V (2,1);

G=V2/I(1)

% 1/4 s

s=ix4;

abs (1/4xs)

% ans =

% 1
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Problem 76
75Q l I2 lout
AN 5 3
+ + +
Z1 Z2
= Vi 2kQ Vs Vout 160
Vs <—> r, Stage 1 ’_> Stage 1
| -
Zin Ziny
2 0 62.582 1.2075
&= {—103 20] ] and 2= [63.75 1.25 } (€]

(a) Zl'ng (S) and Zm(s)

29122221
Z’[:n s) =z _ _TaeyarTmaas
2( ) 2711 22722 —|— ZL
1.2 .
=(62.582) — LA
1.25 4 0.016
= 1.7778[k€]
21,1271.,21
Z; = B ; |
(5) =211 21,92 + (2kQ|| Zin2(5))
(0)(~10%)

21,22 + (2kQ|[ Zina(s))
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Vout
Vs

(b)Gv =

l4 lo
Oi
+ +
V4 zZ
1 12
V1 Z = V2 ZL
Zyn Zx;
O— O
zin
i 211 212} [11]
= and V = _I Z
[VJ [221 202 |12 2 2oL
N Vil _ |21 212 I
0 zo1 299+ 21| |12
— 221
=2
2T e+ 21"
290121,
SV = 2L
T et 2!

G = V;Jut o Vout E E
Ve W Vi Vs
:GvBGUQle
Vi Zm 2
G =y = 7 7, s oo 003
Vo Vali 212102 Zin2) 1

G = — = — g
R A AR 2122 + (2| Zin2) Zin,
= —22.4720
Gon — Vout . Vout 12 . 222121 1
v3 = = — =

Va Iy Voo 20090+ 2L Zino
= 0.4532

= G, =(0.9639)(—22.4720)(0.4532) =[—9.8161
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Voutbout
(C) Pgain - —
U111

P _ voutiout _ Vout iout
gain — . - .
V11 v 11
:vout Uout/o-016
v v1/Zin
2
=(G2G)?
(Gu2Gos) 5076

=12.965 x 10°

(d)Check the impedance matching

750 _h l2 lout

Ao o 0

+ + +

Z1 ZZ
¥ Vi 2KkQ V, Vout 16Q
Vs (D — Stage 1 | <«— — Stage 1 «—
O— C— O
Zin Zout2 Zin2 Zout

Output Impedance

B 21,12%1,21
Loutz =212 — — "~
21,11+ Zs
=20[k]
22,1272,21
Zout =22,22 —

Z211 + (Zoth | ‘2)

The load impedance is 16§2 and the output impedance is 54.7€2. So the impedances do not match well.
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MATLAB code

Zs=75e—3; ZL=

l6e—3;

zl=[2, 0; —1073, 20];

z1_11=Z1
z1_12=Z71
z1.21=71
z1.22=Z71

Z2=[62.582,
z2_11=72
z2_12=72
z2_21=72
22_22=72

N

-

s}

N
1

Zin2 =

o° o o°

1.7778

N

Zin =

G o° o o°
<

&

I

N

P

=]
~ N
N

e

B

+

N

[0)

Gvl

o® o° oP°

0.9639
7Z2=(Zin2%2)/
=(z1.21%Z
Gv2 =

Q
<
N

o o o°

—22.4720

9]
<
w

Gv3 =

o® o oP°

0.4532

= z2.11—

(1,1);
(1,2);
(2,1);
(2 2);
1.2075; 63.75, 1.25];
(1,1);
(1,2);
(2,1);
(2 2);

(z2_.12%22.21)/(z2_.22+2ZL)

in= z1.11—(z1_12%z1.21)/(z1.22+(Zin2+2)/(Zin2+2))

)

(Zin2+2) ;
2)/(z1l.22+Z2) /Zin

=(z2_21%2L) /(z2_22+2ZL) /Zin2

Gv=GVv1l*Gv2*Gv3

Gv =

o° o o°

—9.8161
= (Gv2xGv3)
P =

g

o o oP

1.2965e+

Zout2=z1_22—

Zout2 =

o° o o°

20

Zout=z2_22—(z2_12%xz2_21)/(z2_11+ (Zout2x2)/ (Zout2+2))

Zout =

o° o oP°

0.0547

~24Zin/7ZL

004
(z1_.12%21.21)/(z1.11+Zs)
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