Chapter 17- Two-Port and Three Port Networks

Exercises
g, " 17 R,+R,+R, 250
R RR. _ (129129 _ .o
R 3 2 R,*tR,*R, 250
— ° g = R 100(125) _ o
R,+R,+R, 250
Ex.17.5-1 1
Y = Yy = 21
1 1 3
Yy +Yp = n P Y = 5_(_2711) =
1
1 _1
yo|4 2
-1 1
21 7
To find the Z parameters, use the definitions =
A _ 42(21+105) _ Tl e
Zn = =0 T T35 - 180 V, 342 bs OT,
_Vv, _ 105(63) _ -
Z22 I, =0 " 735 =90
V
Zip=Zy= |21 =0 = 6Q
Since | = 105 I, ,then V, = 42(10.5) [, = 6l,
73.5 73.5
18 6
7 =
6 9

518



Ex. 17.6-1

Yll:TZE Y21_71= = =167
Z=0,068pk
AR To= 0,9
A \ -
] N T
. P i |
'v"‘ :—‘:J == T. '
B | | |
_o la _
Y =\l = 00566 Y = \} =094
=0 W T,

T
Ex. 17.7-1 + «T.
Setl; = 0 v, L Vo
and connect V, - LI
o

andfind 1, and V;

Note: l,= 6l, V, = (9+1)1 =101, V, = 1l
1, _ 6l

Thush,, = =—=06S
V, 10l
SO
Mo = Vz_lol_o'l 84 L Ta V=11
SetV, = 0 + =1+ = 19,
and connect |, I Vi gt gp 9o 9
and find I, and V, - |*T |, =51-v1 = 4,
9 9
Vv |
hy= ~+= - =090
10
I @|
44
21 |1 109|
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\‘
ai
a1
o
8l

Ex.178-1 Y = [

%S'ﬂ VRN
Mo %

2
12 6
ren 7 - {/y ] 2]
Ho %5
s 1
Ex 1782 T | (VO (V10 |4 10
1/30 2015 U3 4/3

(-U10)  (-w10)

1 12 1 0 1 3
Ex. 1791 T, = || J Tb:LJG J TC:{O J

1 1211 0
TaloTe =g 1| |pyg 1| T

Problems
Section 17-4: T-to-T1 Transformations

17.4-1

Determine equivalent resistance, Ry, of Fig.(a)
Now the 10Q resistance is part of two 3-terminals circuits that cannot be simplified
by series-parallel combination. First replace circuit with thicker lines by an equivaent

Y (Fig.(b)).

Z. = 212231 - (10) (6) = 30
v Z,4Z+Zy 104644
4) (1
12 23 31
4
e iy -
12 23 31

2at AL
F—Vyy——p—s D
Tabh= 3,250

Thus have
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17.4-2

=
1L
4o
a L2 b
ig ia
A

Then a

3.4(5.4
Rp = ( ) = 2086 s0 R, = 2.886Q
34+54
17.4-3
Y
&'5. '—? ‘E“
+ o
R = Vi _ ZuhitZply
n | I
1 1
Iy Zypt R
= 7, Zp 2y
(Z+R\)

24 _ 48 _,,
12+4+4 20
- 1245y,
20
= P4 _os
20
3.4

| ~Zyly
2 Zpt Ry
A = 3 = 7221
I Iy ZytRL
(forward current gain)
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Forward voltagegain A, = Vo whereV, = -1, R, = AR I}

Vl
dsonote: V = Ryl
SoA, = 2 = ARL
Vl Rin
OAF AAR AZRL
Rin
17.4-4 Ty
UseAtoY transformation iy => )
to transform R, A nework 5 s
Have §|R = 5|20 = 4Q
L
30 = 18I-101,
50 = 101201,
Soy ‘30 —13
50 -2 -
= = 7190 - pagsa
18(-20) - (-10)10 -260 —
17.4-5
o0 6o
LT &c'
R, R2 SeeFig. 18-2.
laco >
o— =] o .
R, = Ry = RRe*RoRe* Ry g = R,
R1
thenR, = Ry = 200(200)+200(1000) +1000(200) _ 1)
200
R. = RiRa*R;R3+R3Ry _ 44x10" _ 4400
© Rs 10°
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-1
AR 2434
2Ano 2280 = Adao Ll s
loon o
I
P37 A %@55_{1
r':
Rin Ry, = 673850

Section 17-5: Equations of Two-Port Networks

17-5-1
. T-network 0 useFig.17.5-1 to get parameters
Erl't‘i E;;"i.i = = =
Note=27,, = 6 Zy =9
tast -1 Z, =18
(¥R
S 18 6
o - 0 Z=
6 9
Y parameters: Y =h -1 I la 2 I
Vi, 14
- #=To +
Yip = l =S 1. Yo II""i eq .‘h
V|, (6+12v, 21 .
v, =12 Vol7 _ 1
SERVA Vv, 7
=
o !%4 y]
'%1 %
17.5-2 2.

O—M’*-I_‘-w-‘“

T‘J

L=

2-j4 -j4
=[5 )

-j4  +j2
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17.5-3

If V, = 0 - short circuit the output

v,
Yy = \I/*l Yo 172
llv, =0 llv,=0
Now v, = 12 gpglatlalo

1 G, 2
So I = (G -(b-DG,)V;, = AV, &I, =(bDG,V; =3V,
Then Y, = -1S and Yy =35
If V; = 0 short circuit the input

+
Vy = itz =V,

Gs
aIszoV2:3 OYr= L - GF~=-1S
G, 2lv,=0
Yo =l = Gy +G3 =4S
2lv,=0
1754
=¥l Using Fig. 17.5-2 as shown:
Y11 Y =02S
Yot Y2 850 Aort Yaa+Y¥a, YT Y =0lor Y =Y5 = -0IS
o " Y, = 02-Y,, =03S
1755
faal A ¢ N =
o ._'_‘# - - 1‘r|i - [DH’E _ _
Y, = -10uS=Yy
ke S50k 7 1 53ps 20, 6 YutYp=1333S
- “ . " Y1 =2333uS
Yoo + Yy = 20uS  thusY,, = 30uS
1756
Y 13 e-Ia=s  Z, = T = 3+j3-j2 = (34))Q
N = 1l,=0
1’.. 2
w = 3 rad/s y : .
t Sty _V _o-j2Ay .
T % oy e
=1 1 1,=0 1
Z, = Vi = -j2Q
|2 |1:O
I 11=0
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4.1 2% L ‘Eﬂ'?-q:g 'E-'::I.‘hj

Zyn=Zp = }é S
282 +1
Zon—2Zy =28 S0Z,, = 25+ =
22 21 22 }é s
175'8 _‘\’.f‘?_:-'.rr:l
Lﬂ' -1 = | i ol
Y =| s Use 11 network
-1 s+l lf‘u"‘ Yiz Y—.-_-.-,""Y:..
Y, = -Is
s+l s+l 1
Y;1= — 0Yq,4Y,, = —-1 ==
1 s 11712 s s
Ypt+Yy = (st])-1 =s
So have o Glf 15

YvY L L
I [F
. I

p -
17.5-9
P +25+2 1 — 1
P+stl L 4stl ' C°
Z= +S +S has 4 elements [
1 +1
L +st+l L +s+1 o -

(s +s+1) = char. egn. O leadstoRE R,= 1

. 1
capacitance: Z = — useC=1
@ Cs to get s> +s+1
inductor : Z = Ls souselL =1
Z,, =75 so0someof symmetry required
Useatrid :
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Ty 2, = V2 Ustl) (&4
Z L, sl T Sesu
1= S
Zi = ﬁ = l+}é(s+1) = SZ+25+2
1 P }/+s+1 L +s+l
2= S
checks
17.5-10
[
_ R(ER+R,)
-3 ° 3R+R,
£ Ko
o - SolvingforR, 0 R& R +/4R% 4(2R?)
Yy
Riw = £, = R++/3R = (V3-)R
Section 17-6: Z and Y Parameters. . .
17.6-1
SetV, =0
=2 T = Rz & Tz | = _\// o, = _(b+R1)Vl
y A Ry RiR,
v, R L Vi:g Lo ol = (b+Rl+szV
L — L RiR, )"
Yy, = LS _ b+Ri+R, d Yy, = Iy _ ~(b+Ry)
Vl V,=0 RlRZ Vl V, =0 RlRZ
SetV, =0

V
O IF %2
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17.6-2

(1) Place sourcei, and open circuit output

-3 o L2
L 3 t
f £1 s
& v, =3, s [z, =30
ST
2 seti; =0
41 . e L1

+ h _ + . lag = iy tiy; = (1+a)iy
v o 3a W, Vo ®l v, = 3+, B

vV, = 2i, +3(1+a)i, S0 |Z, =(5+3a)

{4 3(1+cx)}
Z =
3 (5+3a)

17.6-3
Use two Parallel networks

v, = 10 network 1
21 s v 15

2s -s
Y2:|:—S 25} S
i [ 1 = network 2

(admittance form)

o =]

SH"ICG Y12 :Y21 = -S D Yll__ ZS and Y22_— ZS

Y11= Y3 =S
1+2s -s V, (s
YT:Y1+Y2: YT 1() - %
2-s  1+42s V5 (9) 0

% |:V1(S):| _ Y;l[%] _ 1{25+1 s H%}
V,(9) 0 qls—2 2stlj|o

whereq =35 +6s+1
(-2 _ 1{—6+ -125 725 }
s(3s>+6s+1) 3| S s+1.82 s+0.184

SoV,(9) =

Thus v, (t) = 1[—6—125e‘°-182‘ +7.25e*1184t] 20
3
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Section 17-7: Hybrid Transmission Parameters

17.7-1
I, aat 4 4.3‘ T—{A B}
lc D
Vi war Va=o
A= Vi 212, 12 since by voltage divider V, across 10Q is V, =1—OV1
° Vali,=o 12
B= VL -3 _680 since -1, = Vi :ivl
_IZ V,=0 2+4"10 34
c=1lt| =1 _qs
Vol 10
D=1 :ﬁzm sincelzzill(currentdivider)
21y, /(10+4) 10+4
17.7-2
&y
= T ~
£y Az Lz
—
M ——— 4 _ _
IL 'ln‘u f h\ ! II
s vegr | R = . |+
il v Cr | 2 'J,-,fl_: T |
: g W
t (v, = | ¢ | Y2=0
| | R = |

I
&b
I
T
A
|

Vi= (R +Ry[IR)L 0 hi Rt RyIRz 600kQ

=-aRi R - R Ry e
Ro Ri1+R; R, Ri+R;

g

g\?z 2

<
i
- ;q-{f;-..__a ‘
= Y2 g py RorRRe g4
Ro”(R1+R2) R, (R;*+Ry)
Viz— Ny, 0 ohy o=l
Ry +R, R,*R, 2
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. + V, = nV; {Vl = hyly+hy, Vs
ny, v, l,=-nl, I, = hyly+hypV,

Thenh;; =0 andh,, =0

hy, :% and hy, :%n

17.7-4

! H
— +~

XJ_L\ ’ ! |
T A " = oM A=
_-—I| I‘\-.,_\_‘I_'___,.--" i i ;Tl? G
]

I S

R,R

V,=(R, + R,//R))I, O h= R, + 23

1= (R 211R3) Iy T N1Y RR,
I, =~ Rs LO hg - Ro
Ry+ R Ry+ R

l,= 1V, V=9501,
s0l,=1(950) I,
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L=2 son elz

T 4 V =0 dncel; =0
T t
v, v %‘35&11 |, 2 'OV o
—\.t - L ! _G
hy =3 =0 hyp =-2| =107
\Y
21,=0 211,=0
17.7-6 L IX

open ckt: G = P _ 100 _ 100uS B = -vY2-G2 = -408uS
V2 (10%? g= Yz - 50 _ 1
y= ! 2042 _ 420uS V; 1000
V 1000
2
shortckt: R = —ZP = 4002 =1Q
i 410 X =4/Z?-R? =30
7=Vt = 16 _ a5
I, 4x10

Section 17-8: Relationships between Two-Port Parameters

1781 1=zvy Vv

Vq = hyly+hpV,
l5 = hyly+hypV,

I3 =YV +YRV,
l2 = YuVi+tYuV,
Rewrite egn. (1) into form of (2) to get I,and V,, on right side of egn.

Y parameters{ @ h parameters{

Y Vp =1 +Y3,V,

A * _I
I 2 V2

*

0
where Yand Y arenew matricesrelatedto Y
. \%i -1y
and h requires =H
I 2 V2

~Y,; 07 [-1 Yy, _%/11 o1 vy
|l %) o S

Yz 1] [0 Yy Y/ g

] .
OH=YT"!y: [

Continued

)

1 ‘Yl%
Y
Yll 11

Yo Y
Y,, -2
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1182 a7 = (3)6)-(2() =14

Zp _Zi 6 2
v|Bz az|_|14 14
_221 le 2 3
Az az) 14 14
1783 Ay =(0.0)(05) - (04)(01) =01
1 Yo
o Yu o Yy {10 —1}
Yo OY| |4 01
Yu  Yi
1784 AY = (0.5)(0.6) - (-0.4)(-04)
1 Y1
H_YTl Y. { 2 0.8}
Yy AY| |-08 028
Yu  Yu

Section17-9: Interconnection of Two-Port Networks

1791 Y = Y, +Y,

in parale

|

ﬂ—"l—|—rm_-u-i——ﬂ

Y =0-Yy :};_/2,
Yp+Yp =1

in
0 Yy, =1+%3 =%

N

73 73

Yp = _/2 1} o
o |GarD ~ta] |
N R R

-]
Wi~

?'m.

] Lo

3 vy, 2%
. Yy = %‘(‘1) :%

Yo1+Yp = % SO0 Yy = 1"'% =%

:

BE
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17.9-2

2 4
ﬂ.___-
10 -6 8 4
yo|4 4| |6 6
b= -6 8 110
{ 44 6 6
Lve 1
e
L
[z
20 -12
20 -12
2 el Y. =y+y=|% 4
L z < | P -12 16
| 44 44
=
g.,___lr._—ﬂ'.l—'— ol -3
2. <t z 4
""_"'A'.’\/’"'—J"—“m_'” 108 792
|36 36
T.=TT =
= o c 18 144
7 % 36
— 3 >

17.9-3 Lo s
S + G,+G, -G,
-G, G,+G3
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Verification Problems

- ie
T =
S
£
LN = 5o ‘?’El-i? V=0
| |
| 1

|

T ——
= Lo A
{ =Y5) -~ =L T Vo
L I s 'i = @!_/"‘:.L
f ., |
75 1 1
V I, =151 I, = +—— |V, =0.028V
! (175 75) 2 2 ! (50 125) ! !
2y = % =15 Yy, = \'71 =28mS
211,=0 llv,=0

Y11 # 24mS, so thereport is not correct.

VP 17-2

2
¥ W—
T W
| _i VAPRS o

o.ls

V, = (2+029) |l} Z,;, = 2+0.25=0.2(s+10)

V, = (0191, Z,, = 01s
I.r‘:_‘;_f_"}r z Ay & Iz
+ | - %
@ i p
Y * Voo ()
! e .2 'L
- R R R R
s |
Z,, =2+2s Z,, =1s
AZ = (2+.25)(2+.25) — (15)(.1s) =.01(3s? +80s+ 40)
Zu AZ | [(s+10) .1(3s2+80s+40) |
T=|%2 Za |- s S —Does
1 Zyp 2(st+10) not
1s — agree!
Ly Ly S y
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PSpice Problems

SP 17-1

B8R~

N
WOWN B

. end

B8A-

N
WO WNEF

. end

NODE
( 1)

SP 17-2

SBSRS
NN R R

. end

D @ ., (&)

1
12
3 + +
6 v/ W,
0 1 L i o #
VOLTAGE : NODE  VOLTAGE NCDE VOLTAGE
18. 0000 ( 2) 6.0000 ( 3) 6. 0000
V,=180 Z,;z 18 V, =60 Z,= 6
0
12 =
! L o = -
: O 5@ :o
J— . § Ir—'.x':?'
1 e |AJ II' ‘fl .
L v -
""f-: b= PN 1o
- =
VOLTAGE NCDE  VOLTAGE NODE  VOLTAGE

6. 0000 ( 2) 6. 0000 ( 3) 9. 0000

V,=60 Z,= 6 V, =90 Zy= 9
I 3 I—=
0 1 —= . <
0 6 A — :
2 3 f | |' '.
0 12 Py = - b
0O O \ ,!: 40 (n < [l? | "-'f._, =
|~ | ' L7
L l X
NODE  VOLTAGE NODE VOLTAGE
( 1) 1.0000 2)  0.0000
VOLTAGE SOURCE CURRENTS V. =5
NANE CURRENT u=
Vil -5.000E-01 = -1,
V2 3. 000E-01 = -1, Y, =-33
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SP 17-3

ST8R-

NWNRFRO

.end

NODE

( 1)

V1 1 0 0
R 1 0 6
R2 1 2 3
R3 2 0 12
V2 2 0 1 'lf
.end t 0

NCDE VOLTACGE NCDE VOLTAGE
( 1) 0. 0000 ( 2) 1. 0000
VOLTAGE SOURCE CURRENTS
NANVE CURRENT
V1 3.333E-01 = -1,
V2 -4.1.67E-01 =1,

;" Z e IZ
1 1 LD Lo i
2 2 —"—=Jxﬁ4 , .
3 3 "g |
0 2 0 6 “§‘|
0 O
v ot
\’_,-zh p‘:
' e
VOLTACGE NOCDE VOLTAGE NCDE VOLTAGE
2. 0000 ( 2) 0. 0000 ( 3) 0. 0000
V,=20h, =2

VOLTAGE SOURCE CURRENTS

NAVE

V2

[

STRR
NWNEFLO

. end

CURRENT
1. 000E+00=-1,0 h, = -1

2 2 0 @ <=
3 3 —
|
/ “'\ B,
- 4 G |

-
- |

i

=
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NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE
( 1)  1.0000 ( 2) 1.0000  ( 3) 6. 0000

V,=10h,,=1

VOLTAGE SOURCE CURRENTS
NAME CURRENT

V2 1. 667E+00=-1,0 h,_= 1.667

SP 17-4 | 2 @ by
11 0 1 1 @ @ =~
RL 1 3 1 L
R 3 0 1
RZ 2 3 2 T
RA 2 0 1 l |
V2. 2 0 0 Ii, Vi 7 T ‘{,1
. end - _ i,
.0
NODE  VOLTAGE NODE  VOLTAGE NCDE VOLTAGE
( 1) 1.6667 2)  0.0000 ( 3) . 6667

V,=1. 6670 h,,=1. 667

VOLTAGE SOURCE CURRENTS
NANVE CURRENT

V2 3.333E-01==-1,0 h,= -.33
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Design Problems

DP17-1
Ri
4 6
=h
rd i0
o
Rin =Ry +R, + ‘222’3553 - TC)

Need R, <10, R<100 try R=6Q

140 (4 8)(22) _
30 26.8
=16.6=R; +4.667+3.94 thusR, =8Q

Rln - Rl

Now R;,

DP 17-2

= R, +4.667 +3.94

Need V, + Vg for balance

/_‘.r‘/ \H\ RV _ RV "
T=0 R,+R; R,+R,
\\;“C m_ - e @
Ry R,+R; R,+R,

Dividing (1) by (2) yields: %:

3

DP17-3

@

{Vl =hyl; +hpV,
2

I, =hyly +hyyV,

dsoV, = -1, I3 =hyly

L
|
Then -2 2 —h
21 1+h22 J

o

Re for balance

4

h22RL|2

A L =, [—1 J
) Iy 1+hxR,

require: 79=8 _r or n 1+ﬂ =1
1+hxR, 80 80
0 R =1kQ

R, inkQ

R, =
b=

c =

140
24+R
14R
24+R
10R
24+R
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Vi

For R, , needR;, =—
Il

V.

L

or  Vy(hy+1/R)=-hyl; (3

Substituting (3) into () 0 Ve hyly —2Chad)

— -
ho, +
(hz+ 15 )
Rin =hy —hpRe hy

since h,, <<
(sncehy, <<} )
R, =45-(5x107*)(10%)(80) =5Q okay since <10Q

DP 17-4
2. 47 4(12

4+12
4z L ¥l 8(8)

Zyp=—t=40
o r 8+8

LJ4L & I.a =¥l
_V; 447 !
Za =" L(® 4a g ¥y
11,=0 _

L=

V, :8{ 4 |1}:2|1 S0 Z, =2Q Similarly Z,, =2Q
4+12
Connect R and Vo O Vz - 1,RL
V; =V,
Thévenin: Z; =Z,, =4Q sofor max power transfer use R =4Q

2
Py = ZT =893W 0 Vs 378V
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DP 17-5

¥
o—-f—
T. %
e}
o—ﬂ?ﬁ—o
Tb vt E‘r
P
T, %L;
Q_LVL-—W
T, Re
219
PR

)

7=+
Cs
T=T,T,T.T4
= i resonant frequency 5kHz
L,C,s +1
C,s
Y(s) =———=—— resonant frequency 10kHz
L,C,s +1

Y(9 =Ri CL{C, HH_?Z:!——E
L

essentially a short circuit at 7.5kHz

-
1

1 Z(s)
o7

_ 1 0
{Y(s) 1}
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