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Electric Circuits 10th edition, © 2021 R. Doering. l(a,b) :=
Chapter 7

AP 7.1The switch in the circuit shown has been closed

for a long time and is opened att = 0. 20 60 <

a) Calculate the initial value of i.

b) Calculate the initial energy stored in the inductor.
What is the time constant of the circuit fort > 0?
What is the numerical expression for i(t) fort > 0? . .
What percentage of the initial energy stored
has been dissipated in the 2 Q resistor 5 ms
after the switch has been opened?
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a) Thevenin eq. circuit for source has Vi, := %-QOV = 109.091V Ri,:= (30| 3+ 6)Q2 = 8.727 12
s .. Vih 1 .2
so initial current is given by g = R—th = 12.5A b) wp:= EL-IO = 625-mJ
—t
L | = 250.0-t mJ = 10733
C) T:=—==4ms d) i(t):= —Io-eﬁr . s
R I(t) > -12.5-A-e

1
ws = ZL-i(5ms)” = 51.303-mJ

e) energy dissipated at 5ms:
W5
1-— =91.8%
Wo




AP 7.2 Att=0, the switch in the circuit shown moves

60
instantaneously from position a to position b. i W

a) Calculate V0 fort > 0+. _ ___'__‘ U, 2100 032HY 40
b) What percentage of the initial energy stored REANUY/ S|
in the inductor is eventually dissipated in ¢

g

the 4 Q, resistor?
R:=(16]4)Q =322 L:=032H

a)
-t
- (1011 6) - aT 1002
Ig := 6.4A: = 4A i (t) =ipe va(t) = —ii (1)-R
5 o) = —iL (ORI
~ 10.0-t
Vo() > -80A-Qe ° fort> 0s

by —O0%  _gnop

16€2 + 4€)

T =

o

fix :

0.1s



AP 7.3 The switch in the circuit shown has been closed

for a long time and is opened att = 0. Find B <T
a) the initial value of v(t),

1.5 mA 3 80 k1) 0.4 uF W g 50 kL2

b) the time constant for t > 0, T

c) the numerical expression for v(t) after the . .

switch has been opened,

d) the initial energy stored in the capacitor, and R:=50kQ2 Cq:= 04pF

e) the length of time required to dissipate 75%
of the initially stored energy.
50

a) Vo= —5-(70 | BO)k2:7.5mA = 200V

b) T:= RCq = 0.02s

—_t _ 50.0-t
c) v(t)=vge" v(t) > 200-V-e °
1
d) Wp = Ecl-VOZ =8 mJ

e) t75:=-In(/25%) T = 13.86-ms  wg = %-Cl-v(t75)2 =2mJ



AP 7.4 The switch in the circuit shown has been closed 5
for a long time before being opened att = 0. | |

a) Find v(t) for t > 0.

15 L:HI :;.‘ 20 kL)
b) What percentage of the initial energy stored ' A
in the circuit has been dissipated after the sy o | uF—L sk
switch has been open for 60 ms? ] ' T
20 40
= 15V = 4V = 15V = 8V
Y17 151 201 40 2= 151201 40
T1 = 20kQ2-5pF = 0.1s To = 40kQ2-1pF = 0.04s
—t —t
— — 25.0-t 10.0-t
Tl T - -
v(t) :=vye “+vpe vi) >8V.e ° +4ve °

1 o 1 2
Wq = ESuF-Vl + E'lMF'VZ =72 pd

— 60ms)? — 60ms)? — = - =
. [ - j . [ = j 0 01 02 03 04
Wgo = ESMF- vy-e + E-luF- Vo-e t
wl=10"%
W = 13.641-
1- @ = 81.05-%

Wo



AP 7.5 Assume that the switch in the circuit shown in N

Fig. 7.19 has been in position b for a long time, 20 ;?*;g{"
and att = 0 it moves to position a. Find N '
(@) i(0%); (b) v(0*); (c) 1, t > 0; (d) i(t), t > O; —uv | v 3200 i 100 HACD
and (e) v(t), t > 0*. . .
: 24V :
a) |O = E = 12A |f = —8A

b) vg:=—(ig+ 8A)-10Q = 200V

C) T:= 200mH = 20-ms 1 = 501
1002 T S
—_t — 50t
d) i(t) = (ig—if)e™ +is i(t):=\20e ° -8)-A
157
€) v(t) = 200mH(9i(t)j o
dt o N
0 04 0.08
_5-
50-t —-10* \OK
s _ 502
v(t) %—ZOOOOO-A'? e = _200e °V t
AMH 1073y




AP 7.6 a) Find the expression for the voltage across

the 160 kQ resistor in the circuit shown in 060 1y, 28k 40Kk
Fig. 7.22. Let this voltage be denoted v,, and '

assume that the reference polarity for the OV g6k ] - 160 KkLY A
voltage is positive at the upper terminal of B
the 160 kQ resistor.

b) Specify the interval of time for which the
expression obtained in (a) is valid.

a) Vag = ~T5V- <0 _ _gov
AO 200
60 : " :
Voo = 4OV-% = 30V using superposition, short out the 75V supply, leaving
R:= (8+ 40| 160)k2 = 40-k2 so 7 := R-0.25pF = 0.01s
—_t B 100.0-t
Vo(l) == (VOO — VAO)e T VAQ Vo(t) — 90-V-e > —60V
-t 100.0-t

VA(D) = (Voo — VapQ)-€ - (1601140) s

A T o0 A0 (160 ” 40) + 8 AO VA(t) — 72-V-e - 60-V

b) fort>0



AP 7.7

In the circuit shown, switch 1 has been closed
and switch 2 has been open for a long time. At
t = 0, switch 1 is opened. Then 10 ms later,
switch 2 is closed. Find

a) v(t)for0 =1 = 0015,
b) v.(f) fort = 0.01 s,

c) the total energy dissipated in the 25 k{)
resistor, and

d) the total energy dissipated in the 100 k{2
resistor.

1

WO = E-[LF-VCOZ =3.2mJ

wyg = %uF-VC(loms)Z — 1.438-m]

d)

VCO =

1

25k -
Ve(t) ==

80

2 -10mA-40k(2 = 80V

607 \

Ve(V) 401

200

100
C) Wog = (WO — Wlo) + (ES)-W]_O = 2.912-mJ
25

W25 + WlOO =3.2mJ

25 + 60 + 40
1 1
= 40=
1pF S (25 || 100)kQ2- 1pF
Voo if t<0
— 40t
Voo € S if0<t< 10ms
— 50(t—10ms)
53.626€ S V otherwise
Oms
0 0.05 0.1
t
~200ms
2
Volt dt = 2.912-mJ
5k
Y0s
~200ms
2
Vot dt = 0.288-mJ
100k

Y 10ms

- 50~
S



AP 7.8

}  Switch a in the circuit shown has been open for
a long time, and switch b has been closed for a
long time. Switch a is closed at f = (0 and, after
remaining closed for 1 s, is opened again.
Switch b is opened simultaneously, and both
switches remain open indefinitely. Determine
the expression for the inductor current i that is
valid when (a)0 =t = 1sand (b)f = 15s.

'.:Xh
A
21} {}.m; §Xa 90
I — AN
10V 230 'I 2H 1 mT 603
— 0.5t
a) i1(H):=\3-3 ° A
log—Iof = 5.98A

{ - 1.25(t—1s)}
0) i (t):=|-48+598e S A

6]3=2 3||2+08=2
'rl::ﬁ:ZS i=O.51
102 Tl S
3 | VTh
VThIZ 3+210V=6V Ifl::EZBA
_ 2 .
log := 1-e Ifq = 1.18A
V1h = 8A-9Q = 72V V1h
Rrh=(9+6)Q2=15Q iy = —— = —48A
Th 2f R
2H 08 Th
To = = 0.0S 1 1
27 Ry 1 (39 — =125=
T2 S

-0.51
i() = |ifp\l-e ° ) if0<t<1s

— 1.25(t-1s)
iof + (ipg—igf)-e  ° if t>1s

T




AP 7.9 7.9  There is no energy stored in the capacitor at
the time the switch in the circuit makes contact 4 = —-10V — _50-uA
with terminal a. The switch rlemains at position 1= (40 + 160) kO P
a for 32 ms and then moves instantaneously to
position b. How many milliseconds after mak-

ing contact with terminal a does the op amp 32ms-—i 1 Y
turate? V = — =
saturate 32 O_ZMF
0.2 uF 5\
L - L in: = 20-pA At == ms

. 27 (90 + 160)kQ2

[
90 ki f"‘-‘ a
b I 3.4 NS

10V
Given iy At = (8V +15V)-0.2uF  Find(At) = 230-ms
3V Yo

v v t:= 32ms + 230ms = 262-ms



AP 7.10

7.10 a) When the switch closes in the circuit
shown, there is no energy stored in the

capacitor. How long does it take to saturate
the op amp?

b) Repeat (a) with an initial voltage on the
capacitor of 1V, positive at the upper

terminal.
10 k) 40 kD)
l AN . AR
[ 5V
N -5V

6.8 kil

2V T 0.01 uF

voltage is decaying to 1/3 of eventual so

b) —In(%)w = 1.758-ms

verify:

non-inverting configuration implies gain of 5

so saturation will occur when input voltage
hits -1V
T := 160k2-0.01uF = 1.6-ms
—t
-2V plems
160k<?2

lin(t) =
voltage is decaying to half of eventual so

a) —In(.5-t = 1.109-ms

1 1.109ms
verify: 5 OluF'J lip(t) dt = -1V
' 0




