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CHAPTER 19 PROBLEM SOLUTIONS

SOLUTION PROBLEM 19.40. (a) LetZy =RandZ, =1/Csor Y, = Cs. From problem 38,

_¢ lu éR 1u
- € u=e u
el 20 1 Csg

(b) Thispart isa cascade of an ideal transformer and part (a). Label the voltage and current at
the port 1 of N, as \71 and fl. From the properties of the ideal transformer, V; =- b\71 and

1 =- f]/b. Hence

&0 éR  1(€f U éVi/bu éR 16 bl
U=é @ & " 0=é @E.,
8.0 &1 Cstpvp €1, H7&1 csgv, !

Therefore

From table 19.1, if h,, = Cs * 0, then the z-parameters exist and if hy; = bRt 0, the y-
parametersexist, i.e., if Ct Oand R* O (assuming reasonably that b * 0) respectively.

SOLUTION PROBLEM 19.41. For this solution we apply the definition of h-parameters: by
inspection

Vi 1
h11:‘{ =
|1V2:O 2+2s

|2 _ 2\/1 - ZSV]_ _ (2- 28)V1

T (2+29)Vp

_1-s

=
\,=0 s+1

hy1 =

I1v2:o Iy V=0

1 +1
When 13 =0, then 15 =2V +2Vy = 4V; and V = 0.5(2vy) +5- () = S—Svl.
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V,
Therefore, yy = V—l =—— and hyp=-*
2l1,=0

SOLUTION PROBLEM 19.42. (@) In MATLAB
»h1l = 250; h12 = 0.025; h21 = 12.5; h22 = 2.25¢e-3;
»Zs=1€e3; ZL = 500;

»YL = 1/ZL

YL =2.0000e-03

»Zin = hll - h12*h21/(h22 + (1/ZL))

Zin= 1.7647e+02

»Yout = h22 - h12*h21/(h11 + Zs)

Yout = 2.0000e-03

»Zout = 1/Y out

Zout = 500

(b)

»% Gvl=V1UVs

»Gv1l =Zin/(Zin + Z9)

Gvl= 1.5000e-01

»% Gv2=V2/V1

»Gv2 = -h21/(Zin*(h22 + YL))
Gv2 = -1.6667e+01

»Gv = Gv1*Gv2

Gv = -2.5000e+00

© R. A. DeCarlo, P. M. Lin

(c) Given the above, the Thevenin equivalent seen by the capacitor is V. =- 2.5Vj,, and

R, = 500 W.
InMATLAB
»Zth = ZL*Zout/(ZL + Zout)
Zth= 250
»Vin=10;
»Voc =-2.5*Vin;
»W = 400;
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»Zc = 1/(j*w* 10e-6)
Zc= 0 - 2.5000e+02i
»Vc=Voc*Zc/(Zth + Zc)
V¢ =-1.2500e+01 + 1.2500e+01i»V 2mag = abs(V c)
»V2mag = abs(Vc)
V2mag =
1.7678e+01
»V 2ang = angle(V ¢)* 180/pi
V?2ang =
135

From above,

V,(t) = 17.678\/2 cos(400t +135°) V
Therefore
»Pave = V2mag"2/500
Pave =
6.2500e-01

SOLUTION PROBLEM 19.43.

(a) Using the h-parameters of stage 2
hoy +Y 0.0008 + 1/64

The load for stage 1 isthe parallel combination of Zjpn2 and the 3 kWresistance. However,
because h12 = 0, the input impedance is unaffected by the load, and hence for stage 1,

=4000 w

Zing =hq1 -

Zim =hy; =2000 w

(b) For stage 1, because h12 = 0, the output impedance is unaffected by the source impedance.
Thus,

Your =hs =0.05 10°s,

Zowr =1/Y on =20"10°w
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For stage 2, the source impedanceis the parallel combination of Zgyt1 and the 3 kW resistance.
Thus
_ 20000" 3000

S =2608.7 W
20000 + 3000

and

Youz =hpp- M2M2t = o000g+ 0966 51
hi1 +Zo 1000 + 2608.7

ZOUtZ :1/Yout2 = 69.19 W

=0.0145 s

(©)

Vi - Zim — 2000 = 05
Vs Zim +7Zs 2000+ 2000

The load of stage 1 isthe parallel combination of Zjn2 and Zm. Thus

Yi1=Yip +1/3000=5.834" 10“sS

Hence

Z11=1Y1=1714 W
and

1- -ha _ 1 - -30 =-39.46
Zimt h2+Yi1 2000 (0.05+0.5834)" 103

Va| -
1=
v, %

For stage 2, theload is 64 W. Hence

1- -ha _ 1 - 51 =0.7762
Zinz hp2+ Y2 4000 (0.8 + 1000/64) 103

Va| -
Va| =
Vi[O

Finally, the overall voltage gain isthe product of the three gains calculated above

\<7ut =05 (-39.46) * (0.7762) = - 15.32

S

(d) Theinput circuit consists of a series connection of Vg, Zs, C and Zjpn1. The remainder of the

circuit isresistive and has no effect on the frequency response. The magnitude responseis of the
high pass type with

1 1
~ 2p(Rs+ Rnp)C  2p(2000 +2000)10 ©

faip = 39,789 Hz

SOLUTION PROBLEM 19.44. To meet the required matching, we must have



Prbs Chap 19, 1/13/02 P19-5 © R. A. DeCarlo, P. M. Lin

Zowt =Zouz =2 =64= 1
Yout2

Thisrequires that

Youp = hpp- D221 = 0opog+ 0-966°51 _ 1
hi1 +Z 1000 +Zy, 64

Solving for Zg, we obtain Zg, = 2323.2 W. Now for stage 2, Zs2 isthe parallel combination of
Zoutl = 20 kWand Zm:
L = 20000 Zpy _
20000 +Z

from which Z,, =2628.5 W. With this new value of Zm, we repeat the calculations of problem
19.43 to obtain Zjn = 2000 Wand Vout/Vs = -14 .26. Detailsfollow.

23232 W

Using the h parameters of stage 2

Zing =hq1 - hiohy 1000+ 0.966° 51  _ 4000 W
hoo +Y | 0.0008 + 1/64

For stage 1, because h12 = 0, the input impedance is not affected by the load and
Zin1 =h1p =2000 W. The voltage gains of the various stages are:

Vi - Zim — 2000 = 05
Vs Zim +Zs 2000+ 2000

Theload of stage 1 isthe paralel combination of Zin2 and Zm. Thus

Yi1=Yin +1/2628.5=6.3044" 10“s
Hence

Vo

Vi

1- -hy _ 1 - -50 = -36.74
Zim hp+ Y1 2000 (0.05+0.63044) 107

For stage 2, the load is 64 W. Hence

stagel =

Vo

V1

1- -har _ 1 - ol =0.7762
Zinz hpo+ Y2 4000 (0.8+1000/64) 103

stage2 —

Finally, the overall voltage gain isthe product of the three gains calculated above

\<;ut =05 (-36.74)  (0.7762) = - 14.26

S
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SOLUTION PROBLEM 19.45.
(a) Using the h-parameters of stage 2

Zip =hy - M2 = 5og4 096651 _ 5545
Nop +Y | 0.0016 + 1/32

The load for stage 1 isthe parallel combination of Zjpn2 and the 1.5 kW resistance. However,
because h12 = 0, the input impedance is unaffected by the load, and Zjn; = h1; = 1000 W,

(b) For stage 1, because h12 =0, the output impedance is unaffected by the source
impedance, and

Your =hx =0.17 10~ S,

Zouwt =UY o1 =10*W

For stage 2, the source impedance is the parallel combination of Zgyt1 and the 1.5 kW resistor

10* 15" 10°
Zo= =1304.3 W
2710 +15  10°
and
Youz =hgp- M2t = goo1e+ 9966 51 _ 4089 5
hi1 +Z o 500 + 1304.3
Zouz =UYou2 = 346 W
(©
Vi_- Zim - 1000 - g5
Vs Zim +Zs 1000 + 1000
Theload of stage 1 isthe paralel combination of Zjpn2 and Zm. Thus
Yi1=Yin + 1/1500= 1.1667 " 10° S
Hence
Z11=1Y1=857.1wW
szStagelz 1- -hxn _ 1 - -50 = .39.47
\% Zim hz+Yr1 1000 (0.1 +1.1667)" 103

For stage 2, the load is 32 W. Hence
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Volwgo=_1 M - 1- 51 = 0.7762

V1 Zino hoo+Y > 2000 0.0016 + 1/32
Finally, the overall voltage gain isthe product of the three gains calculated above

\Qaut =05 (- 30.47) * (0.7762) = - 15.32

S

(d) Theinput circuit consists of a series connection of Vg, Zs, C and Zjn1. The remainder of the
circuit isresistive and has no effect on the frequency response. The magnitude responseis of the
highpass type with

1 1

. - = 79.58 Hz
%8~ 2p(Rs+ Rn)C ~ 2p(1000+1000)10° ©

SOLUTION PROBLEM 19.46. (&) Since the currents through Y| and h,, arethe same, hy, = Y.

A oyl B | Y hoy

YL+ hyo [

From current division, |, = .
(b) From current division, |, LY+ o

(© 150=12 =121 _gg5p by, =300

I Y +hy
V4 U -1
(d) h12=v—1;;| =— =-05.
2U11:0
Z, 9 103

@ =

= = =09 b .- =1000 W. Given this quantity,
s Zo+Zy 9 10°+Z, Zin q y

h12h21 150
= f + —_—=_ = - — A
P = Zin + 7225 =1000- 5o = 400 W
SOLUTION PROBLEM 19.47. Recall that

u_ém1 Mmauélig
Qo &1 holidnk
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. . e V
(a) From thisexpression and specification 1, by, = L

C>C g

— =0.
V2,=0

(b) FromtheformulaforY ,, (equation 19.50), specification 2, and the result of part (a), we
have

1

Yoo =Z__800_hz hohps
out rhl“LZ

1
Hence, hy, = %00 =125 mS.

For maximum power transfer from amplifier to the load

Zout =800=Db%Z, =8b?
Therefore, b = 10.

(c) and (d) Observe that

~hyy - hohps

hap+ Y /b "
From specification 3 and voltage division,

Vl 24 _ Zj,

\, 25 Z,+40
Equivaently,
Vs _25__ 40

Hence hy1 =Z;,, =40~ 24 =960 W.

(e) From equation 19.51,
G =-2=-100= ~

*‘21 _-hn
Vi Zin(ha + Y/ 07 ) 960(1.25" 10°° +1.25" 10°°) 24
Hence, hyy =240.
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2
(f) The power delivered totheload is R = E;%) and the power delivered to the amplifier is

VRV
Pymp = = = ——. Therefore the power gainis
am® -z, 960 PONErg
P, 96a,0
—L = — —2+ :1.2, 104
Py 808V, &

SOLUTION PROBLEM 19.48. Recall that

u_ém1 Mouélig
Qo 81 hotidnk

. . e v, u
(a) From thisexpression and specification 1, y, = V—lQ =0.01.

2"“1:0

(b) For maximum power transfer from amplifier to the load,

Zoyt =800=D02Z, =8b?
Therefore, b = 10.

Now we find Z;,,. From specification 3 and voltage division,

Vi 24 Zin

\A - 25 - Zi» +40 @)
s in
Equivaently,
Vg 25 40 .
Vv, 24 Zin in =40 960

Using the formulafor Z;, we have the following eguation

0.01hy,
hyy +1.25° 1073

h
hy1 = 960+ 0.01 21 )

=960 = hyy -
4n " hy, +1.25° 1073
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But from the given specs,

V2 - 100= - hyy _ - by

Vi Zn|hgo + Y /b?) 960y, +1.25" 10°3)

which implies that

il 7 =960 107 (3)
(hep +1.25" 10°3)

Substituting (3) into (2) allows us to solve for hy4:

hy; =960 +0.01" 960" 10% =1920 W

Now let us rewrite equation (3) as:

hyy- 960° 10%hy, = 960" 102" 1.25” 10" =120 (4)
Also
—aomr 43 ooy 0.0y
Your =1.257 10 " =hy, gt 20 h22- =580
Equivaently,

1960" 1.25" 10”3 = 2.45=1960h,, - 0.01hy; (5)
Solving equations (4) and (5) ssmultaneously in MATLAB yields

»A =[1 -960e2;-0.01 1960]
A =
1.0000e+00 -9.6000e+04
-1.0000e-02 1.9600e+03
»b =[120; 2.45]
b=
1.2000e+02
2.4500e+00
»X = A\b
X =
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4.,7040e+02

3.6500e-03
»h21 = x(1); h22 = x(2);
h=[1920 0.01;h21 h22]
h=

1.9200e+03 1.0000e-02

4.7040e+02 3.6500e-03

© R. A. DeCarlo, P. M. Lin

We can verify these results as well as compute the overall amplifier gain using the following m-

file

% two-port analysisin terms of h-parameters
function [zin, zout] =twoport(h, zL, zs)

['twoport analysis using h-parameters]
h11=h(1,1); h12=h(1,2); h21=h(2,1); h22=h(2,2);

zin = h11 - h12*h21/(h22+ 1/zL)

yout= h22 - h12*h21/(h11+zs);
zout= 1/yout

v1tovs= zin/(zin+zs)
v2tovl=-h21/(zin* (h22+1/zL))
v2tovs= vitovs*v2Ztovl

»twoporth(h,ZL,Zs)
ans=
twoport analysis using h-parameters
zin=
960
zout =
8.0000e+02
vitovs =
9.6000e-01
v2tovl =
-100
v2tovs =
-96
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Hence the overall voltage gainis V| /V¢ = -96/10 = —96 because of the transformer.

Finally to compute power gains,

»Vs=1; Vin=24/25;
»VL =-9.6;
»Pin = Vin"2/960
Pin=

9.6000e-04
»Pload = VL"2/8
Pload =

1.1520e+01
»Pgain = Pload/Pin
Pgain =

12000

SOLUTION PROBLEM 19.49.

-CusVptOmVp . -Cyston

@ h21:I_2 =1 5 1
w0 g r(Graley (G akg

l1

e (0]
¢ 1 -
(}RX+ 1 +|1
¢ —+(G+C)s
v & R o 1
0 =4 = | =R+
V2=0 ' " " (G +Gi)s

(c) Under the condition that I, =0, V4 = Vp. Using voltage division from V, to V
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e (0]
¢ 1 =
81 c N
—_— 4 ST
p
hlzzﬁ :V_Q: ]-eRp 1ﬂ = CHS = QLS
Vol o V2 + — +Cys+C;s (Cp+qi)s+—

SOLUTION PROBLEM 19.50: (a) Recall t-parameter relationship:

2

€1 hoUEV2 U
81 1Y
21 g |20

QU_ €

For the given network,V, = Z, (- I,) and

Vi = Vo + t1o(- 12) =117 (- 1) +t2(- 12) = (t11ZL + o) (- 12)
Further,
Iy =tr1Vo +1xo(- 12) = (1217 +120)(- 1)
Hence,
Z = Vi_ (2 +12)(1o) _ ) +tpp
"l (12l i) 1) thZ) +ty

(b) For the output impedance relationship, from the t-parameter relationships

Vi = Z4(- 11) = 4191V +112(- 12) =- Zg(tr1Vo +1oo(- 1))

Grouping V2 and 12 terms together on separate sides of the equation implies

(t2rZs + 1) Vo = (thpZs + o)l 2
Thus
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SOLUTION PROBLEM 19.51:
45. From the z-parameter relationships

Vi=2z1l1+z5lp P Vi- 739l =790l =-715(- 1)
and
Vo=12zp1l1+ 20l P Zp1l1 =Vo + 2p5(- 1)
These two equations in matrix form are:
é]. -leli?\/ll‘jl é -lel:éVZl:I
e, yu=é we
O 7y Bhg & 2z (& 20
. T .
Solving for [Vl Il] yields
U 16 710 -zo0eVou 1 6211 Dz gV, (
& U—-—¢€ s e, g= we L
810 22180 1@ 2 (8 120 Z2181 Zpo (g lot

SOLUTION PROBLEM 19.52: For figure 19.52a, by inspection

é/lu §1 Zluevzu

g‘lu_go 156 10

Therefore T is asindicated in the problem.
For figure 19.52b, by inspection

&40 él OuéVs (
U=6 we L
810 & 1E ot

Therefore T is asindicated in the problem.

SOLUTION PROBLEM 19.53: Here we use the results of problem 19.52:

(a) Forfigure (a)
B gl leﬁl Ou el+ Z1Yo Z]_L‘:I
WD 1 ueYz 15 & Y2 14

(b) For figure (b)
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. él 0l zlu é1 Z U
new eYZ 1£0 18 eY2 1+Z;Yof

SOLUTION PROBLEM 19.54: By the properties of an ideal transformer,

Vi=nVz Ip=—12= g0 1)
Therefore

with the t-parameters given by the 2x2 matrix.

SOLUTION PROBLEM 19.55: This problem uses the results of the previous two problems.
(@
d+2Y, Ziién 0 U en(1+ Z1Y,) Z3/nu

d

T=¢g G
g Y2 go yng e nY, Ynyg

(b)
@ 0Ud+ZY, Ziu &(l+2ZY,) nzd

T=a ué =e u
D Yntg Yz iy g Yo/n Yng

SOLUTION PROBLEM 19.56:

@
_925 0ued 4u_e 1u
-a =
§0 452 51 &8 207
(b)
-1 OudB 4u_¢ 8 4 0
TR 102 58 R+8R 5+4/R]
u u u
©
L G2, 7068 40_@+025s 05sUB 4u_€8+3s 4+358)
=é Jé u=é 0 g=ée g
Y. 1lesigos 1tesigs 7

SOLUTION PROBLEM 19.57: For each 2-port of the form of figure P19.53a, we have that the t-
parameters are given by
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_ é_+ Z]_Yz le;I
-€ u
é 2 1q

The given network consists of three such sections in cascade whose t-parameters are respectiely,

. 8+ U T d+1 05s 1y @+05s 1
=€ U, T=¢ i, an
178 s 19 2 & o5s 1§ o5
1
gl +2s’ ZS Zsu e1+ 32 Zsu
T3:é 1 U— 1 U
e =s 10 é =s 14
é 4 0 é& 4 0
Observe that
e& + 52+ s+1 sz+s+1U
_&°3
TT=¢ 1
e sz+ 5S s+1 9
é Q

and the overall t-parameters are
271155+;:’fs4+33+332+;2’fs+1 s*+353+25% +3s+1;
T:T1T2T3:§ 1 4 3 3 3 5

=
6 Zf+S3+ 524 g $3+3s%+s+1
e 4 4 4 4

(e Y en enY e entd

SOLUTION PROBLEM 19.58: This poblem isdone primarily in MATLAB.

Part (a)

% Thefollowing code solves part (a) of the problem.
% Parameter Specification

t11= 0.895+j*0.022;

t22=111;

t12= 40 + j*180;

% t21= (t11*t22 -1)/t12;

% The above formulafollows becauseit is areciproca network.
% The actual valueis specified.

t21=-2.6175e-05+j* 1.1023e-03;

t=[t11 t12; t21 t22]

% Part (a) calculations
vr= 115200
ir=361

vs= t11*vr +12*ir
magvs=abs(vs)
angvs= angle(vs)* 180/pi
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ISSt21* vr+t22*%ir
magis= abs(is)

angis= angle(is)* 180/pi
pscomp=vs* conj(is)
ps=real (pscomp)
pr=real (vr* conj(ir))
eff=pr/ps

pf= ps/abs(pscomp)
ploss= ps- pr

The MATLAB output is asfollows:

T=

8.9500e-01 + 2.2000e-02i 4.0000e+01 + 1.8000e+02i
-2.6175e-05 + 1.1023e-03i 8.9500e-01 + 2.2000e-02i
vr = 115200
ir= 361

vs= 1.1754e+05 + 6.7514e+04i
magvs = 1.3555e+05
angvs= 2.9872e+01

is= 3.2008e+02 + 1.3493e+02i
magis= 3.4736e+02
angis= 2.2857e+01

pscomp = 4.6733e+07 + 5.7501e+06i
ps= 4.6733e+07
pr= 41587200

eff = 8.898%e-01
pf = 9.9252e-01
ploss= 5.1458e+06

Part (b)
% The following code solves part (b) of the problem.

zL.=500;

zin= (t11*zL + t12)/( t21*zL + t22)
yin=1/zin

vsnew=134000;

iin=yin*vsnew

psnew= vsnew”2*real (yin)
m=inv(t)

v2=m(1,1)*vsnew +m(1,2) *iin
magv2=abs(v2)

iload= m(2,1) *vsnew + m(2,2)* iin
magild = abs(iload)

% Check value of rload
rload=abs(v2)/abs(iload)

The MATLAB output for part (b) is:

© R. A. DeCarlo, P. M. Lin
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zin= 4.8759e+02 - 1.0031e+02i
yin= 1.9676e-03 + 4.0478e-04i
iin= 2.6366e+02 + 5.4241e+01i
psnew = 3.5331e+07

% m isthe inverse of T-matrix.

m=
8.9500e-01 + 2.2000e-02i -4.0000e+01 - 1.8000e+02i
2.6175e-05 - 1.1023e-03i 8.9500e-01 + 2.2000e-02i

v2 = 1.1915e+05 - 4.6681e+04i

magv2 = 1.2796e+05

iload = 2.3829e+02 - 9.3362e+01i
magild = 2.5593e+02

rload = 5.0000e+02

SOLUTION PROBLEM 19.59. From the given information, the circuit is linear and reciprocal.
(8 Hereiy(t) istheintegra of iy (t). Therefore, the new v4(t) istheintegral of the old v,(t).
Theresult for t3 O is:

vy(t) = 3.005- 3¢ ' +e '[0.00865sin(500t) - 0.005c0S(5001)]
=3.005- % ' +e ![-2:40"°cos(500t - p /6) +0.01sin(500t - p /6)

(b) From the problem statement
o295+ 1) + 250
3 Le_ € 69
s+1 ~ (s+1)? +(500)
From reciprocity, z2(9) = zp1(S). For steady state anaysis, we use phasors to obtain

21(9) =

o201+ j500) + 250
_ 60

~ (1+ j500)2 + (500)2

V1=215(j500)1 2 = 77 7500 *

Vys(t) = 2.505c08(500t - 30.15°) V

SOLUTION PROBLEM 19.60. Writing loop equations we have:
(i) For the I€eft 1oop,
Vl- aVZ- 3(|1+|3):0 b Vl- aV2:3|1+3|3

(if) For theright loop,
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Votbly- (I-15)=0 P Vo=-blj+1,- I3
(iii) For the middle loop,
bl +(l3-12)+13+3(11+13)=0 P 0=(b+3)l;-1,+5I3
Writing the first two equations in matrix form yields

éliu
él -awvin é3 0 3 1

9 18,076 p 1 1%2§

whose solution is

&u él a3 0 3‘913 &-ab a 3- aglg
2,979 1€ (d2g= ¢ (2
00 Ko 1 -1 E p 1 -1 €20
sl 81
Hence
equ_e3- ab at,lf-‘|1U+e3- ay
=a a
.ZH e_b 1%2u e'].l’<I3
From the third equation
é|1u
I3=[-0.20- 06 0.2]¢
o ]ézﬁ
Thus
é/u %3 ab al €3- 6é u
; (=ge . [+ e §O.2b- 06 024"
(?\/10_(;}06b 0.8ab +0.6a+1.2 0.6+0.8akel; u
8,49°€  -08b+06 08 &.,U

For reciprocity,
4o =191 b a=-b

SOLUTION PROBLEM 19.61. (a) and (b) together: Observe that

Vl- 0.5\/1- |1:V2 b |1:0.5V1- V2 b Vl 2|1+2V2
and
|1+ |2 20.5(\/2- all) b |2: - (O.5&+1)|1+0.5V2
The h-parameters are

H=¢ 2 2 4
~&(05a+1) 05
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Reciprocity requires that
h12:-h21 P 2=05a+1 b a=2
Thus
H é2 2y
= é o
&2 054

SOLUTION PROBLEM 19.62. There are 2 corrections in the problem statement concerning the
second set of expressions:

(1) vq(t) =2et-15el3ty
(2) iz(t) = 0.5el5A

For both parts, recall, the y-parameters:

€10 €éy11 Yo tBVi U
g U= € YA
gzu eY21Y22wl’€V2u

(8 Part-1: From thefirst set of given data (V, = 0)

1 05 . 05 05 _05(s+2)
li==, lp=—=, ;= + 2= 2
s s+1 s+l (s+1)¢ (s+))
Hence,
y U 2(s+1)? y U s+l
N=T0 o Y= u i
Vlwzzo S(s+2) VlU\/Z:o S+2

(8) Part-2: From the second set of given data (Z, =1W, I; =J¥s, etc.), we have

. __05 _ 2 15 _ 05(s+3)
275415 17 s+1 s+15 (s+1)(s+15)

For aterminated 2-port,
-V
V2 =Y\ - Y

I, =
27z 2T YY1yl t

Therefore
Vi ,_s+l, 05(s+3) . s+1l5 __(s+3) 1 1

Y22 = Y21E' 1= (s+1)(s+15) 05 ~ (s+2) = s+2

L Tl R Bl 2\
\Z -l

Also, I3=y11Vi+y1Vo P oypo

_ s+15,@ 2(s+1)° 05(s+3) O_ (25+3)(s+2) | 2As+1)(s+3)
Y27°705 & s(5+2) +)6+15)5 | 5+2) S(5+2)
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1
(s+2)

In conclusion
22(3+1)2 1 U
11 Y12U_ 55(s+2) (s+2)H__
uynl € s+l 1 0 (s+2)
s+2  (s+2)4

€(s+17? U

é S g
g s+t1 1

D> D>

(b) Thisisastraightforward application of the conversion table 19.1.

SOLUTION PROBLEM 19.63. (@) Consider figure (a). Write two mesh equations:

_ 2 _ 26, 2
V1_16|1+_s(|1+|2)+4|1_§0+_30|1+_s|2
2 2-- 2--
V=5l +—S(|1+|2)+4|1:g%+gg|1+§5+‘sg|2

Therefore
180s+2 2

27584542 2424
Taking the inverse yields the y-parameters

2 720 1 € 2+2 -2 U

1 éZZ
Y=—a SR S N
DZ& 2y 21101 2082 +2s+ 32§ (4s+2) 205+2§

where

= 20s% +2s+32

_ (20s+2)(s? +2)- 2(4s+2) _ 20s> +25% + 325
S S

DZ

Finally, the h-parameters are given as

é Yyin  z2/zp0 1 €05 +2s+32 2U
H=¢ g=———:¢€ u
&2n/2n Yzpp 0 P+2§ -(4s+2) s

(b) Now consider figure (b). z;,isV;whenl, =0. Butif I, =0, then because of the ideal
transformer 1, = 0, meaning that the ratio is not defined. Hence the z-parameters do not exist.

To find the h-parameters, observe that because of the ideal transformer, I, =- 0.515,
I3 =-2l5, and Vi = 0.5Vg. Writing amesh equation at the right mesh first we obtain

V2= Rlg + Vg + (17 +12)R=Vige
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Now writing a mesh equation on the left we have
V1 =Rl +Vpri +(I1 +12)R=15RI +Vp =1.5RI1 + 0.5V,

Therefore
é. 5R 0. 5u

e‘ 05 0 u
To obtain the y-parameters we use table 19.1:

_1él -hpu_ 1e4 - 20
“hpghy Dhl ERE2 1f
Note: the det[Y] = 0 implying again that the z-parameters do not exist.
(c) For this network we consider it as a cascade (left to right) of an ideal transformer, the middle

network of atransformer and an inductor across the top, and finally another ideal transformer.
The t-parameters of these two ports are respectively:

éa 0y éA B (iﬁl/b 0g
"T% yaf Tk of *TE0 bf
Tofind T, we replace the mutually coupled inductors by the pi-equivalent circuit of figure

18.25cwhere Ly =4 H, L, =9 H, M =k /3L, =3 H,and D=27. Thus Lig = - _DM =45

D D , , .
H, Lright =~ = 27 H, and Lyop = — =9 H. Notice that the external 9 H inductor isin
L-M M
parallel with Ly, leading to L o, = 4.5 H. They-matrix of this new pi-network is by inspection:

y. 16245 Y45 u_ 1 g2 -6y
mid = S Y45 ]/27+]/45u 27Se'6 7u

To compute the t-parameters we have

&-Dy -yuu &27s 2

Therefore
é@ 0ué7/6 45suglb Oy é796b 45abSu

T=Nl3=8) 1alo7s 2 B0 i~ &yo7abs 2tya Y

From table 19.1, we obtain
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€632 27abl

_ga22.255 0.5a/b8 . S16 8 v 1 glzb2 -6ab8
&05a/b 4/270%g &27ab 27b°0 27a%b%sg6ab  7a? |
€8 44

SOLUTION PROBLEM 19.64.

() The defining equation for the g-parametersis:

€0 éo1 GotdViU
u—e ue u
8ol &1 GatHo0

Because of the load impedance Z|, we have V, = - Z, | ,. Hence substituting for V, in the
second equation yields

_ _ _ - 0Vi
Vo =0goVy +Opolo =-Z1, b 1,=—240L
2= 0V1 +022l2 Ll2 Al

Substituting this equation into |y = g7V + g2l We obtain

_ ® gy O_2 o0y O
L= ogVq- —== = a2
1= %11 9128922+sz g911 Oop + Z_ B
Therefore,
_ Q2%
Y. = . el
n = gtz
(b) Because of the source impedance Zg, we have V) =- Zgl1 or |1 =-YyV;. Hence substituting
for V inthefirst equation yields

_ _ _ - Gi2l2
lL=qVi gl =-YV, P Vp=
1= GV1 T G212 =- YsV) 1T g+ Ye
Substituting this equation into V, = gy1V4 + goolo We obtain
& ghplp O ®  g1o0p O Go%1
V = = + I = - _I = -
2= 9215y vt 922127 g2 - TN 5l Zout = 922 9L+ Yo
(©)
Glzll __din __Ys _ Ys _ Yo(g2 +2,)
Vs Zs+Zin Ys+¥in y g, G12021 (922 + 7 J(on1 +Ys)- G108
s 1
922 +ZL

V. Z
Gy P Gp=i2=—2L

. Z
(d) Refer to figure P19.64, where V5 = —L = .
022+ Vi g»tZ
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Ys(922 +ZL) A O21YsZL

Gy = GG, = =
(e) v=06G6 (922 +ZL)(911+YS)' Gh2921 O+ 7 (g22+ ZL)(911+Y5)- Q12021

SOLUTION PROBLEM 19.65. Recdll

€0 é1 Gouesl
g=é Ué Y
8/20 €d21 9220'3'20
For the given circuit

1 1 1
V2—z(|2' ANo)+Vy b V2—§V1+§|2
Also
1
Vo=V - Z(Il' sVy)
Thisimplies that

1 1
L =(A+S)\V;- Ay =(4+9)V,; - *%vl 8|23—(2+s)v1-§|2

Thus the g-parameter matrix is.

®
I
n

D: D> D CR{D\

NI+
OOI'_\I\)IH
[y enly ey ey et

SOLUTION PROBLEM 19.66. Wefirst convert the y-parameters to t-parameters using table 19.1:

& Yoo '1U

€ é-01 -05¢
A Y21 Y21

YW1 ® Tn1=€

NI N17g-Dy -y11u 6382 -25.1
8 Y21 Y21H

where Dy=50.2" 0.2- 2" 1.2=7.64. Now we convert the h-parameters to t-parameters using
table 19.1:

é-Dh -hlj_l]
e U
: h 1e56 13y d12 260
H T, —a'21 21 ()
N2 ® T2 = & hy -1g 5§82 1§ &4 0.2
&hay  hy i

where Dh=13" 2+6° 5=56. To obtain the cascaded t-parameters we compute
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f g7 _l6-66 180y ¢-132 -036Q
cas™ INL'IN2 758 26412 -74.76] & 52.824 -14.952§

Thus,
603
1 tZ +t 5
Yp=——=2LL "2 -5 -2
Zn Wil *tho

15
5

To obtain the voltage gain, we first convert the t-parameters back to y-parameters (table
19.1) and then use the derived voltage gain formula:

T _§-1.32 -0.36 u ® v _§41.533 2 @S
cas™ & 52824 - 14.9524 cas = R2.7778 36667
Hence,
vV, ; -2.7778
Gy=-—k= Yar _ =-0.66667

Vi  y»m+Y 3.6667+05

Alternately, one could consider the load as a 2-port, compute its t-parameters, construct

1
the overall t-parameters as a cascade of three networks, and then use G, = o
11

SOLUTION PROBLEM 19.67.

+
@ Sinceonly one C or L, weh havein general: H(9 :%?. Since H(¥)=O=§,We
havethat a= 0. Therefore,
b
H(9 = —Sg = —5
c

(b) To provethat o, = Rt_lc or % where Ry, isthe Thevenin resistance seen by the energy
h
storage element, we refer the reader to problem 19.69 which provides a general derivation with

H(¥) arbitrary; hence this problem is the special case of H(¥) = 0.
(c) HereRy, = 2000/ /(50 +1000/ /200)) = 195.49 W. Hence

1 , 6
0. =——=2558" 10" rad/s
¢ RnC
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SOLUTION PROBLEM 19.68.

() Becausethereisonly one energy storage element, it follows that the most general form of
+b

the transfer functionis: H(s = & . Since H(0) =0= b , we have b =0. Further, since the

S cs+d d
transfer function is high pass, ¢! 0, and
a0
as &g Ks
H(9 = = =~ =
cs+d alo  s+o.
S+ —
ecY
1 . . .
(b) Toprovethat o, = Rt_C or % where Ry, isthe Thevenin resistance seen by the energy
h

storage element, we refer the reader to problem 19.69 which provides a general derivation with
H(O) arbitrary; hence this problem is the special case of H(0) = 0.

(c) Let usapply theresult of example 19.1 to that part of the circuit to the right of the 1 kW

resistor and call the associated resistance Z;,, HereZ, =¥, 7, =2kW, Z, =100 W, and beta=
50. Hence

Z, =(beta+1)Z, =5.1kW
Thus

Ry, = 200+1000 /(2000 +5100) = 1076.5 W
Hence,

1 1

= = = 464.45 rad/s
RnC 107654 2° 10°°

Oc

SOLUTION PROBLEM 19.69. In this problem we assume (i) a single input single output system
and that linear circuit seen by the energy storage element has a Thevenin equivalent or a
Norton equivalent. For ssimplicity we will presume the existence of a Thevenin equivalent.

(a) The Thevenin equivalent seen by the dynamic element L or C consists of Z,(s) in series with
VodS). Since the remainder network seen by L or C is non-dynamic (resistive, resistive
with dependent sources and ideal op amps, etc), we have Zy,(s) = Ry, and V o (s) =

Ko™ Input(s), Ry, and Ko being real constants.
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By voltage division,
Ls oS .
V| = V, Input(s 1
L Ls+ Ry, oc S+% put(s) (1)
L
and
1 Ko
Ve =S5 vy = Inpui(y @)
—"'Rh S+
Cs RthC

After V| (s) orV(s) has been determined, we can find the Laplace transform of any other output

(voltage or current) using the voltage source substitution theorem (chapter 6) and linearity
(chapter 5):
Ouput(s) = Ky~ Input(s) + Ko(M () or V() (3)

For the case of V| (9),

<] 0

Ouput(s) = QKl +Kso KORT : Input(s) 4)
(é s+t
L 9
and for the case of V(9),
& Ko ©
Ouput(s) = gKl +K; P‘hi 27 Input(s) (5)
s+ — -+
g RhC (]

For either case, the transfer function H(s) has the form

_ Ouput(s) _ Kzs+Ky
Input(s) S+W

H(s) (6)
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_ Rn

where w = N or ﬁ: with K5 and K4 real constants.
h

It remains to give K3 and K4 some physical interpretations. In (6), let s=¥, we have

Kas+ Kyl
HE)=—"33", = Ks

S+We (y
On the other hand, letting s= 0 in (6) produces

Kes+Kal Ky

H(0) = U
S*tWe =9 We

Substituting K3 and K4 into (6), we obtain the desired result

_ Ouput(s) _ H(¥)s+w-H(0)
~ Input(s) S+W

H(s)

(7)

(b) When s= ¥, theimpedance of Cis

TR
ZC(¥) - CSHs:¥

and theimpedance of L is
Z (¥)= Loy =¥

Therefore in calculating H(¥ ), we may replace C by a short circuit and L by an open circuit. On
the other hand, when s = 0, the impedance of C is

1y
0)=——~ =¥
Z:(0) Csblg
and theiimpedance of L is
Z (0)=Ls]y =0

Therefore in calculating H(0), we may replace C by an open circuit and L by a short circuit.
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(c) For figure P19.69a, by inspection

Rth=3//(2 +4) = 3//6 =2 W

We = 1/(RthC) = 1/(2" 0.5)=1
H(¥) = 4/(2 + 4) = 2/3
H(0) = 4/(2 + 3+ 4) = 4/9

Therefore
2 4 2 &R, 24

Hesy = LS+ weH(©) 3% 9 3¢ 30
S+W, s+1 s+1
For figure P19.69b
Rth=3//(2+4)=3/l6=2W
we=Rty/ L=2/2=1
HX)=4/(2+4)=2/3
H(0) =4/(2+3+4)=4/9
Therefore
4 2 4
g <HOstweH©O 5555619
S+W, s+1 s+1

SOLUTION PROBLEM 19.70. According to problem 19.68, the transfer function of the circuit is

_ Ks
H(9 = S+w,
where o = Rtic and Ry, isthe Thevenin resistance seen by the storage element C. To find Rth
h

we make use of figure 19.4 and the associated formula. The details are in the MATLAB code
below:
»R1 = 200* 1€3/1200
R1=
1.6667e+02
»Z1 = R1+2e3
Z1=
2.1667e+03
»Z3 = 100;
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»beta=-50;
»Zout = Z1/(1+beta)
Zout =

-4.4218e+01
»Rth = 2000 + Zout
Rth=

1.9558e+03
»wc = 1/(Rth* 2e-6)
wcC =

2.5565e+02

Hence
_ 1
1955.8" 2 107 ©

0 = 255.65 rad/s

SOLUTION PROBLEM 19.71. (@) Except for the terminating resistor, let the other element
branches of the circuit be given by

1 1 2s 1
Z1==—,Yo=——= =" +1,and Z3="=
' E8 ? 25+i 4s? L3
2s
Consider the circuit

I1 I3 lE

— | +— | —

Y [ I =

+ 3F 1F +

\ 2H
VS "»f'1 5 VE 142
- ~T~2F _

Here from problem 19.53a and from 19.52 a we obtain
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¢ 2 N
é 3 14, Ay s VAV
&qu al+ 23 — V3 U éV3 U e _196V2U
g u=¢ 4s+1 3sg, g and e (=% sk g
dio g 2s L (e €lat & 14 2
8 42 +1 H
which implies that
e u
U 1 &4s2+5/3 (1632+6)€€-‘V u
q. 4" 72 € 3s W&, U
4s° +1g el
da € 2 4 +3 2
(b)
Y21
(9=
Gv Y22 tYL
(©
358%52+§ij 2
y _ 1 _ 3945”+1) yoy= - e 0 _s1X°+5) .
A7 4,7 165246 7P 4p 1652 +6 1652 +6 -
(d) Hence,
3s(4s? +1)
—— 2
_ VY21 __ 165°+6  __ 394s7+1])
GV(S)_ - - 3 2
Y22 + YL s(1232+s)+1 12s° +16° +55+6
165> +6

SOLUTION PROBLEM 19.72. For part (a), treating each capacitor as a short circuit yields the
equivalent circuit below.
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2082 If.r“l;-“.:l O 1:a
4700
‘JE VL
100K _

»h11T =4.2e3; h12T =0; h21T = 150; h22T = 0.1e-3;
»hT =[h1lT, h12T;h21T h22T];
»yT = htoy(hT)
yT =
2.3810e-04 0
3.5714e-02 1.0000e-04

By inspection, the y11 parameter of the overall two-port consists of the sum of y11T plusthe
conductances of the two front end resistors. Also, the y22 parameter of the overall two port
isy22T plus the conductance of the 4.7k Wresistor. Hence,

»y =yT +[1/1e4+1/1e5 0;0 1/4700]
y =

3.4810e-04 0

3.5714e-02 3.1277e-04

Hence, the overall h-parameters are:

»h = ytoh(y)
h=
2.8728e+03 0
1.0260e+02 3.1277e-04

(b)
syout = h(2,2) - (h(1,2)* h(2,1)/(h(1,1)+50))
yout =



Prbs Chap 19, 1/13/02

3.1277e-04
»Zout = 1/yout
Zout =

3.1973e+03
»a = sgrt(8/Zout)
a=

5.0021e-02

P19-33
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(c) To compute the gain we first need Z;,,. From equation 19.49, since hy, = 0, Z;,, = hy;.

»Zin=h(1,1)
Zin =
2.8728e+03

From equation 19.51,
»Gv2 = -h(2,1)/(Zin* (h(2,2)+h(2,2)))
Gv2 =

-5.7094e+01

From equation 19.52,
»Gvl = Zin/(Zin + 50)

Gvl=
9.8289%e-01

To compute V| /V 4 we use:
»Gv = Gv1*GvZ*a
Gv =

-2.8071e+00

To compute V| /V; we use:

»Gvv = Gv2*a
Gwv =
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-2.8559e+00

(d) For these calculations, we assume Vsisnormalized to 1 V. Since we are computing gains,
we may do this without loss of generality.

»Vs=1,
»ls=1/(50 + Zin)
Is=

3.4214e-04

Now we compute the normalized power delivered by the voltage source.
»Psnorm = Vs*ls
Psnorm =

3.4214e-04

Next we compute the normalized power absorbed by the load.

»VL =Gv*1l
VL =
-2.8071e+00

»PLnorm = VL"2/8
PLnorm =
9.8496e-01

Next, the power gain from sourceto load is:
»GpLs = PLnorm/Psnorm
GpLs=

2.8788e+03

Further, we compute the power gain from input to the two port to the load as follows:

»V1 = Vs Zin/(Zin + 50)
V1=
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9.8289%¢-01

»P1=V1*ls
P1=
3.3629e-04

»GpL 1 = PLnorm/P1
GpL1l=
2.9289e+03

(e) SPICE Simulation Because the frequency responseisflat for fregency above 800 Hz, we
only plotted up to 1.6k Hz. The circuit diagram reflects the load back to the primary of the
ideal transformer. In general, thisis not possible. Hence for a SPICE simulation, it is
necessary to use one of the models given in Figure 18.15 consisting of two controlled
sources. For this example, thisis not necessary. Note however that the actual output
voltage is 0.05 times the values on the graph given below. Thissimulation assumesalV
source voltage and the parameter of GVCCSis 0.035714. Notice that in this problem

i
o 2u
N l e
— — ki R
| | | FTvm 1K GVCCS —_—
32K
¥ R RS R :
0 10K 10101{: 10 47K
_é_ T m LU
L I I ES
1001 470 =
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Frequency (Hz)

Prb 19.72-Small Signal AC-3

+400.000 +600.000 +800.000 +1.000k +1.200k +1.400k +1.600k

+200.000

+60.000

P e 1

mesloicsenscsmendecnenceennclonon cm e an

+50.000

' [ [ 1
I R A L LR L L L L L

P R L L L LR L L T e

+40.000

+30.000

=t mm mmmE smep EmeE mm . mm . .-,

B N L L L LR L L T

+20.000

+10.000

P L LI L I I T I S L L L L I T R R L

+0.000e+000

MAG(V(IVM2))

(f) For this part, we change 100 nf to 10 . The resulting plot shows degradation of the low

end frequency response.

Frequency (Hz)

Prb 19.72-Small Signal AC-4

+400.000 +600.000 +800.000 +1.000k +1.200k +1.400k +1.600k

+200.000

ey mm e mm e mm == =.—- =

+60.000

T R L T e U R SRR

+50.000

A

mesmessmsssloiancn eyt edeneennnenadomnnnmmn .

+40.000

A )
[ ' ' [

e

[ —— Y

+30.000

mm ey mm e e em = -

+20.000

+10.000

' [ [ [
R L LT L A

[
L LI T I L

+0.000e+000

MAG(V(IVM2))



