Fundamentals of Electrical Circuits - Chapter 14

1S. Find the z parameter for the following circuit.

l4 20 Q 400 12
_> 4—
+. /\/ /\/ " .
\2 230 Q Vs
o ®
Solution:
Vi=zyl, + 2,1,

Vy =z, + 2,1,

where :

zllzﬁQ and 221=£Q when 1, =0
1 1

V. V
Zy=—=Q and z,=-+Q whenl =0
2 12
Step 1) Letl, =0 find Zi1 = V1/|1, Zo = V2/|1
Z11 = V1/|1 = V1/(V1 / (20 + 30)) =500
221 = V2/|1 =300

Step 2) Let |1 =0 find 222 = V2/|2, Z12 = V1/|2
222 = V2/|2 = Vz/(Vz / (40 + 30)) =70Q
Z12 = V1/|2 =30Q

1U. Find the z parameter for the following circuit.

I 120 Q 2000 l2
_’ 4_
= N
V1 250 Q V,
o °
Solution:
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2S. Find the g parameters for the circuit shown below:

80 Q
\/
I 400 l>
200 Q
_> 4—
+. /\/ /\/ " ")
\V2 250 Q Vs
[ ®
Solution:
We have 2>
I =gV +gnl,
V=gV +8xnl,
where :
1 V.
g :716’ and g, :7j when I, =0
g =§—ZQ and g, _L whenV, =0

2

0o

Step1) When |, =0

80 Q
AV
| le
1 40 Q
200 O
—>
R N/ N/
50 Q
I B S
°

Write the KVL for each of the three meshes
Messh#l = +V, +50(1A —IB)+2OO(1A —IC) =0

Messh#2 = 40(1, —1,.)+50(I, —1,)—V, =0
Messh#3 =>200(I, —1,)+40(I. —1,)+80I, =0

Simplify above three equation and apply |, =0

Messh#l = +V, +2501 , =200, = 0=V, =—1251 ,
Messh#2 = —V, =401, —501 , =0 =V, =751,
Messh#3 = 3201, —2001 , =0 = I =(20/32)] ,
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Therefore g11 = |1/V1 =1/125S and J21 = V2/V1 =75/125S

Step2) When V1 =0-> g2 = V2/|2 and J12 = |1/|2

80 Q
/\/
I ° 40 Q l2
200 O
—> «—
2V N/ °

Write the KVL for each of the three meshes

Mesh# A — 50(1 , —1,)+200(/,-1.)=0
Mesh#B — 401, —1.)+50({, -1 ,)-V, =0
Mesh#C — 200(/,. -1 ,)+40(/.—1,)+80[. =0
Note: I,=-1I,, I,=1,
Solve to find :
g22:§:40§2 g12:I

1
2 2

=-0.6

2U. Find the g parameters for the circuit shown below:

40 0
/\/
l4 I,
400 Q 20Q
—> <
o AV N/ —
Vi o8 2

Solution:
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3S. Find the h parameter for the following circuit

l1

— 1000 O P
[ /\/ ]
+ 20 14 +
V,/100
V, z £ 20kQ VA
® L ]
Solution:
Vl = hllll + hlez
I, = h21[1 + hszz
where :
V 1
h,=—Q and h,=-2> whenV,=0
[l ]1
V I
h,=—" and h,=-%*S whenl =0
VZ VZ
Step 1) LetV, =0
|
5 1000 Q
e /\/
+ 20 |4
v, V,/100 220 KO
@

KVL on the right side > 1,b=201; > hyy =1, /1y =20

KVL on the left hand side =>-V, + 1000l + V,/100=0 (note V,=0)-> -V, + 1000l, =0

Replace I, with |4 from first equation - -V + 10001, =0 - hyy =V4/1; =1000 Q

Step 1) Letl;, =0

|
— 1000 0
[

+ 20 4
V,/100

Vi

®

320 kQ

KCL on the right side > 20 I, + V,/20,000 - I,=0 (note I, =0) >
V520,000 = 1, 2 hy =1,/ V, =1/20,000
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KVL on the left hand side (I; = 0)> V4 = +10%V, > hyp =V, /V, =102

3U. Find the h parameter for the following circuit

L, 2000 Q
[ /\/
+
V,/10
V, z
°
Solution:

200 14

4S. The following direct-current measurements were made on the two-port network shown below. Calculate the

g parameters for the shown network.

Port 2 Open Port 2 Short-Circuit
V=20 mV I, =200 uA
Vo,=-5V I, = 50 uA
I, =0.25 UA V=10V
|1 |2
—’ ‘—
+ +
V, V,
Solution:
we have
I =g,V +g,l,
Vy=gV +8xnl,
:where :
1 V.
g, =—=S and g, =-% whenl,=0
" 4
V. I
gzzzl—zQ and g,=—-" whenV,=0

2

[SS]
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I =g,V +g,1,
Vy=g,V +8&xnl,
where I, =0 (Port2 Open):

I, o
g, = 0255
v, 20mV
v, -5
SR )
& T 20my

where V, =0 (Port2 Short):
V, =g,V +g,1, = 0=(-250)10+ g,,50x10° = g,, = 50MQ
I, =gV, +g,l, = 200x10"° = (125x10°)10 + g, (50x10°) = g,, = 1.5

4U. The following direct-current measurements were made on the two-port network shown below. Calculate the
g parameters for the shown network.

Port 1 Open Port 1 Short-Circuit
Vi=10 mV I; =400 uA
V,=-10V I, = 25 UA

I, =0.5 uA V=5V

|1 |2
—’ 4—
+ +
Vi Va

Solution:

58. Using the following measurements and network:

Port 2 Open Port 2 Short-Circuit
Vi=20 mV I =200 UA
V,=-5V I, = 50 UA

I =0.25 UA Vi=10V

|1 |2
—’ 4—_
+ +
V4 Va

Find the y parameter for the network

Solution:
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I =y Vi +y,V,
I, =y, Vi +yuV,
where :

1 1
y“:?lS and y21=725 when V, =0

1 1

1 1
y22=72S and y12:71S when V, =0

2 2

when Port 2 Short (V, =0):

1 -6
Vi :_lzmzzoug
v, 10
I, 50x10°°
=2=""_=5uS
Y2 v, 10

when Port 2 Open (1, =0)
I, =y, V, +y,V, = 0=(5x10"°)(20x107) + y,,(-=5) = y,, = 20nS
I, =y, V,+y,V, = 025x107° = (20x107°)(20x107*) + y,,(=5) = y,, = 30nS

[20us 3018
Y= sus 20ns

5U. Using the following measurements and network:

Port 1 Open Port 1 Short-Circuit
V; =100 mV I =20 UA
V,=-10V I, =40 UA

I, =0.125 uA V=5V

|1 |2
—’ 4—_
+ +
Vi Va

Find the y parameter for the network

6S. The Z parameters of the network in the following circuit are:
Z11 =25 Q, 212 =1000 Q, 221 =200 Q, 222 =400 Q

Find the ratio of magnitude of effective output power to that supplied by the ideal voltage source.
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— I —
: 0 Iy ! 2-Port : l2
Vi=50 [0° vV ' Network !
rms 1 |
(ms) 2 | V2 2 200 Q
Solution:
a)
Vi=zyl, + 2,1,
Vy =z, + 2,1,
where :
v V.
z,==Q and z,=-2Q whenl,=0
1 11
V. V
Zy=—=2Q and z,=-"Q whenl =0
I I
2 2

Plug in the given parameters
V, =251, +10007,

V, =2007, + 4001,

apply kvl to input and output loops
V, =50-501,

v, =-2001,

reorganize in order to solve it using matrix operation
-V, +0V, +251, +10007, =0

0oV, =V, +2001, + 400/, =0
V,+0V, +501, + 0/, =50
oV, +V,+01, +200/, =0

Solving the above 4 unknowns:
V;=59.68V, V,=-12.9=12.90[180°,V, 1;=-0.19=0.19 [180° A, 1, =0.06 A

Pims = (V)(I)= (59.68)(0.19) = 11.3 W
Po ms=((V)(1)=(12.90)(0.06)= 0.77W
Po/ Pi=.77711.3 =0.068

6U. The Z parameters of the network in the following circuit are:

Z11=50kQ, Z;,=2000kQ, Zy =400 kQ, Z,; =200 kQ

Find the ratio of magnitude of effective output power to that supplied by the ideal voltage source.
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50 Q | '
— e
: 0 Iy ! 2-Port : l2
Vi=50 |0 V ' Network !
(rms) | by
Vi ! A 200 Q
Solution:

7S. The h parameter for the following two-port power amplifier circuit are:
h11 = 1009, h12 = 10-4, h21 = 50, h22 =50 mS.

The internal impedance of the source is 500 + j0 Q and the load impedance is 100 + jO kQ. The ideal
voltage source output is.

v; =424.3 cos 40,000t mV

Find the rms value of V..

+ E Lo+
\Y i [h] |
Vi b Ve Z
Solution:
We have
Vm 4243
V.. =-——==—=—=300mv
V22
l4 I
5000 —» . «——
+ [h] +
Vims=0.3V v, v, 100 KQ
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Write Kvl at Port1 loop = -0.3 + 500i; + V4 =0 eq (1)
Write Kvl at Port2 loop »> 10%, + V, =0 eq (2)

from the following h parameters and values given:
V,=hd, +h,V, >V, =100], +107*V, eq(3)
I, =hyd, +h,V, - I, =501, +0.05V, eq(4)

Use equations 1-4 to find V2 = 500 V

7U. The h parameter for the following two-port power amplifier circuit are:
h11 = ZOOQ, h12 = 10_3, h21 = 10, h22 =25mS.

The internal impedance of the source is 400 + j0 Q and the load impedance is 200 + jO kQ2. The ideal
voltage source output is.

v; = 300 cos 25,000t mV

Find the rms value of V..

+ E Lo+
Vi i [h] i
Vi P V2 z
Solution:

8S. The g and h parameters for the resistive two-ports in the following circuit are given by

g11 = .025 S, J12 = 12, 021 = 100, 922:50 kQ.
hi1 =4KkQ, hiy=-1, hyy= -5, hp=8mS.

Calculate iy if v = 10.39 V dc.

3

Vi

1kQ

[a] [h] 20 kO

Solution:

We have:
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lg

— > 1kQ

«— — «—
|1 T /\/
+ + + +
: Ia I
v /> Vig [a] Vg Ig Vin [h] Van ©
20 kQ
For g 2 — port — Circuit
I =g,V +g,l, = 11g = 0.025V1g +12]2g
V,=g,Vi+g8,l, = Vzg = IOOVIg +50,00012g
For h 2 — port — Circuit
Vi=hyI +h,V, =V, =4,0001, -V,,
l,=h,I +h,V, = I, =-5I, +0.008V,,
For the 3 loops
—-10.39 +1,00011g + Vlg =0
V2g =V, & [Zg ==,
-20,0007,, -V,, =0
Solve the above 8 equations and 8 unknowns to find the value of I = l;g = 7.49 mA
8U. The g and h parameters for the resistive two-ports in the following circuit are given by
911 = 125 S, J12 = 10, Jo1 = 200, g2 = 100 kQ.
hi1 =25kQ, hix=-10, hyy = -20, hy, =4 mS.
Calculate iy if v =21V dc.
2kQ
I T
Vg
h
[d] [h] 10 kQ
Solution:
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