Electric Circuits 1

Homework 7

(Due date: 2014/6/11)

This assignment covers Ch14 and Ch18 of the textbook. The full credit is 100 points. For

each question, detailed derivation processes and accurate numbers are required to get full

credit.

1) (10 points) Problem 14.8 of the textbook (p574), while the inductor in (e) is changed
from 10 mH to 5 mH.

Ans:

1a)

Z; = jwL = jOL = 0 so itis a short circuit.

At w=0,V,=V,

1b)
Z; = jwL = jool, = oo s0 it is a open circuit.

At w =00, I, =0

1c)

This is a low pass filter, with a gain of 1 at low frequencies and a gain of O at high

frequencies.

1d)
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= ——— = 66 krad/s

2) (10 points) Problem 14.15 of the textbook (p575), while the resistor is changed from

150 Q to 200 Q.
Ans:
2a)
For w = 0, the inductor behaves as a short circuit, so V, = 0.

For w = oo, the inductor behaves as an open circuit, so V, = V;.

2b)
sL S S
H0) = RSl ST R/L 5+ 20000
2C)
w, =—=20000rad/s
2d)
. JR/L
IHGR/L| = - |-
]TR +rL| UH1

3) (10 points) Problem 14.30 of the textbook (p576), while the center frequency ay is

changed from 50 krad/s to 100 krad/s and the capacitor is changed from 20 nF to 10 nF.

Ans:
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3a)

Boc2 L 10nF
A ——— A Il &

v (O R £ 4800

& &

SOUrce |% filter %I load

3b)

L= ! — 10 mH

T w2C  (100x 109)2(10 x 10-9) "
L (100 x 103)(10 x 1073

P =( )( )=1609

Q 6.25

3c)
R, = 160]|480 = 120 Q

R, +R; = 120 + 80 = 200 Q
w,L (100 x 10%)(10 x 1073) _ :

Qsystem = R,+R;, 200
3d)
w, 100 x 103
ﬁsystem = = 20 krad/s
ststem 5
20000

ﬁsystem(HZ) = T = 3183.1 Hz

4) (20 points) Problem 14.31 of the textbook (p577).
Ans:

4a)
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Yo _ here Z = !
V,_Z+R L TY

_ 1,1 LCRys?+SL+R],
And Y =sC + o + PV —

1
R, Ls (W) S

H(s) = RTR,

RLCR,s?+ (R+R)Ls +RR, I

(rm)

7 ) (re)ls +ic

KfBs

o (BB (L

_ R, _ 1
K_R+RL' 'B_(RHRL)C
4b)

R+ R 1

- (S
4c)

1
Bu_ﬁ

= ()= (1+ )0
4d)

W, woRC
RN (ELD
4e)

Qu = w,RC
_(R+R, B 1
= () (HR%)QU

1 :sz+ﬁs+a)o'
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4f)

. Kjwp
o) = wi —w? + jwf
H(jjw,) = K

Let w. represent a corner frequency. Then
. K Kw.f
HGw )| =—== s
V2 (g — 0t + w2
1 w:pf

V2 J(WE -0+ w2
Squaring both sides leads to

((‘-’g - wCZ)Z = wczﬁz or (Ug - wcz = twf

wcz + wp _wg =0

’2
+ %+w§

The two positive roots are

Or

we =+

N

5) (10 points) Problem 18.18 of the textbook (p722), while the resistor is changed from 4
Q to 10 Q2 and the goal is changed from expressions for the a parameters to those of the
g parameters.

Ans:

For 1,=0:

Edited by: Ching-Tzer Weng, Ming-Sung Chao



Electric Circuits 6

1 |1 i T T To 2
+ 1l/s = +
21002
v 4 « 10 10sV; v, 10s
2 = = , g21 = -_— =
10+% 10s + 1 Vil o 10s+1
I 4 sV; I s
1= = ) 911 = =
10 +% 10s +1 il oo 10s+1
For V,=0:
Il |1 Kl o T T ¥ Iz
1/s = +
2100
vz
, —I, x 10 I —10s
1= 7 12 = 7 =
10 +% Ll,_, 10s+1
_ (10s® + 5+ 10)1, 2 _ (105 + 5 +10)
2T 1+10s 0 92Tl 7T 1+10s

6) (10 points) Problem 18.19 of the textbook (p722).

Ans:
Vi

11 =5
I
1

_(+1/s)(1) _s+1 25 +25+1

2+1/s T y1 s 2s + 1

Iz=0

Z,, = 71,  (the circuit is reciprocal and symmetrical)
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V. s 2s5% + 2s
(1) +sl; 2= +s=

V, =1 —_—
2— I, 2s+1 25 +1

1
2+<

2s*+2s  2s(s+1)
2s+1 2541

Zy1 =

Z1, = Zy;  (the circuit is reciprocal and symmetrical)

7) (15 points) Problem 18.29 of the textbook (p722), while the right resistor is changed

from 100 Q to 60 Q.
V, AbZ,

Vg B b12 + b11Zg + bZZZL + b21ZgZL

Vo 250(60) .
"V, 1000 + 25(20) — 40(60) — 1.25(1200)
V, = —6.25(120£0°) = 7502£180° V(rms)
L —V, —750£180° 125 A
2550 T 60 l2>Alms)
I, by +byZ,  25-—1.25(60)

; _12_12.5_25A

1 =T = =2 (rms)
~ Py =(120)(2.5) =300W; P, =12.5%(60) = 9375 W
P, 9375 .
"B, 300 T

8) (15 points) Problem 18.34 of the textbook (p723), while the value of V; in Measurement
2 is changed from 20 mV to 25 mV.
Ans:

Vi =hyl + hyoV,
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I = hy1 11 + hy, Vs

From the first measurement:

4] 4

hll :E:—5X10_3 = 800 Q)
I, =200

h21 = E = —5 = —4(

From the second measurement:

20 x10°°
40

25 x 1073 = 800(20 X 1076) + 40hy,,  hy, = 2.25 X 10™*

hZZVZ = 4011, hzz = 4‘0 X = 20 IJS
Summary:

hll = 800 .Q., hlZ = 2.25 X 10_4; h21 == _40, hzz =20 |J_S
From the circuit,

Z, =2500; V, = 525 mV

Zrp = Egthu Ah =800(20 x 107%) + 40(2.25 x 107*) = 0.025
hyoZy + AR’
Zor = 250 + 800 35 kq
20 x 1076(250) + 0.025
—hy1Vy 40(5.25 x 1073)

7V

V = = =
™™ h,,Z, + Ah ~ 20 x 10-6(250) + 0.025

' 7 1x 1074 A
= = X

"= 70000

Poax = (1 X 107%)2 x 35000 = 0.00035 = 350 puW
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