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(a)

9t Edition

t=RC=88.0ms

v(t)=5e"*" v

(b)

v(0)
v(50ms)
v(500ms)

(©)

w(50ms)

w(500ms) = (05)(22 7 10°°)(0.0170)° =
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Engineering Circuit Analysis 9t Edition Chapter Eight Exercise Solutions

(@) v(250710°) =122 =5215 v
¢ =300/ms = RC =(100)(C)

C =3mF

(b)

w=-0v°
2w(o) =(0.5)(3710°)(12)" =216 m
w(250ms) = (0.5)(3710°)(5.2152)" 5 40.80 mJ
w(500ms) = (0.5)(3710°°)(2.2665)° = 7.706 ml
w(lms) = (0.5)(3710)(0.4281)° 5274.9 nJ
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w=£Cv2

2
2w 2(0.2)
=, |—= =11. kV
0=y \/ 31 10°)

t=RC=0.1705s

v(¢)=11.359¢ "1 kv

b)
1(0.17) =11.359¢°7017% = 4,191 kV

W= %(3.1' 10°)(4.191" 10°)°

w(0.17)=27.2 mJ

12

Voltage (kV)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (seconds)

2t=0.341s
v(0.341) =1.537 kV
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(a)

b)

1

w==Cv

2

_ [ _ [o0m) _
V(O)_\/;' (0.022) =9V

t=RC=0.022 s=22 ms

V(t) — 9e—t/22ms \V/

t=11 ms: t=33 ms:

v(Llms) = 9¢™* = 5.4588 V v(33ms) = 9¢™¥% = 2,0082 V
w= %(0.022)(5.4588)2 w= %(0.022)(2.0082)2
w(llms)=327.8 mJ w(33ms) =44.4 mJ

The capacitor dielectric resistance is still very high relative to the 1 ohm resistor,
and will not noticeably change the circuit response. The results will therefore be
the same as for (a) and (b).
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(8) £=RC=(1)(0.02)
(b) ¢ = RC =(10)(0.01) =[100 ms]
(c) £ =RC=(100)(0.01)

(d)
Cap_voltage
.ic V(Cap_voltage)=1
i R1
10m {Resistance}

é .step param Resistance list 1 10 100
.tran 2

V(cap_voltage)

R=100

e S &8 &8 & &0 &8 O & 6 B

0V T T T T T T T T T
0.2s 0.4s 0.6s ©0.8s 1.8s 1.2s 1l.4s 1.6s 1.8s 2.0s
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(a) For t>0, there is a series connection between the capacitor and all three resistors

£ = RC=(100+200+150)(2 107*) 5900 s

(b) At t=0, capacitor charged to 4 V.

V(t) = 4e_t/t — 4e—t/900ns

v(£)=4e'=14715V
v(2t)=4e?=05413 V
v(5¢t)=4e®=0.0270 V
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(a) For t>0, there is a series connection between the capacitor and two resistors

1.05s

t=RC=(12+9)(0.05)

() i(t)=v(¢)/R=v(t)/21
At t=0, capacitor charged to 8 V.

v(t) = 86"“ — 8e—t/1.05s

i, (1) =1380.95¢"% mA |

(c) Power dissiptated by 12 ohm resistor given by p=i’R
p=(0.38095¢°%)" (12)

p 36719 mW,
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(a) The equivalent resistance is given by

-1
R, =20k+ 3k+(i+ij +10k
I 5k 1k

R, =33.833 kW

r=R,C=(33.833"10°)(57107)
£ =169.17 ms

(b) At t=0, capacitor charged to 12 V

V(t) — 128—t/l’ - 126—1/0.16917s V

(c) v(0.170) =124 = 4393 V

w=—(5710°)(4398)

w(170ms) = 48.25 mJ
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@) Initial voltage at t=0 is 20 V
t=RC= (82 g 103)(12 - 10'3)
t=984s

y t) =20e "% Vv

(

v(0) = 207/
(
(

v(9845s) = 20 £7.3576 V
v(12365) = 20e™%¥%* 56953 V

(o)  v(100s)=20e""** =18.0673 V

w= %(0.012)(18.0673)2

w(1005) 5 1.9586 J
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10.
Analyzing the circuit at steady state before the switch is flipped, v(0) =15V

(a) For t>0, we have the capacitor in series with the 100 and 300 ohm resistors
r=R,C=(400)(6"107)
t=24ms

v(t) =157 v

The current is given by v/Req

i(t)=37.5¢"*" mA

(b) Evaluating att=1ms

v(lms) = 15724
i(1ms) = 37.5¢™* =[24.7215 mA|
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11.
(a) Analyzing the circuit at steady state before the switch is flipped, v(0) =15V

w= %c\»z =05(6"107°)(15)°

w65 |

(b) For t>0, we have the capacitor in series with the 100 and 300 ohm resistors
r=R,C=(400)(6"107)

t=24ms

v(¢) =157 v

The current is given by v/Req

i(t)=37.5¢"*" mA

w= %Cvz =675¢72" m)

p=vi=562.5¢""*" mW

(©)
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12.

<Design> One possible solution

Choose a series resistor network with a 9V voltage source, with a switch that opens at
t=0. The voltage decay requirement will determine the time constant.

v(2ms) =0t =12V
t=992.6 ms

The maximum current requirements will determine the resistor values

(1) = ) 2 9 e

R R

For the maximum 1mA requirement for t>0,
i(0)<1mA
R>9 kW

For the maximum 0.4mA requirement for t>100ns,

i(100ns) < 0.4 mA
R>225 kW

Choosing R=25k€), meeting both requirements, determine capacitance from time
constant.

C=£=39.7nF
R

The resulting circuit:

9V C) 25 k9§ v____ 39.7nF
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13.
(a) and (b)

9t Edition

Chapter Eight Exercise Solutions

10

10e4

0.5 1

15 2 2.5 3

10t

10° £

10e 2

10" 3

1072
0

0.5

o

15 2 2.5 3
Time (s)

(c) tis a unit of time in seconds, so the “2” is in units of inverse time or

(d) £=9 at|52.68 ms
f=8at|111.6 ms
f=1at|1.151s
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14,
(2) v=iR = (5™ mA)(1000W) = 5¢™ V

v=5V at0s

v=2.5Vat69.31 ms
vy=0.5V at230.3 ms
v=5mV at 690.8 ms

(b) and (c)

4.5 .

Voltage (V)
= N w
ul N (&) w (631 N

=
T
1

0.5 | ]

0 \ 1 1 L 1
0 0.2 0.4 0.6 0.8 1

Time (s)

Tangent intersects at t = 100 ms] as expected for the function to decrease by a factor
of /e
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15.
(2)

-lrzln[ﬁ]
1, (N 1 1
-t ) el

) is in units of inverse time, or years™!

=[121.6 x10° years™

(b)
-llen[ﬁ}
1, (N) 1 16) |
t___InLVJ__WIn[Ej_ngG years
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16.

(@) t=RC=(2)(10710"°) 420 ms |

(b) £=RC=(1+2)(10720°) 430 s |

() t=RC=(5+5+2)(107107) 120 /s
(

(d) £=RC=(100+2)(10"10°)
(e)

R1

Cap_voltage

{Resistance} .ic V(Cap_voltage)=9
R2 C1
_1 Ou

é .step param Resistance list 1e-3 1 10 100

.tran 2m

V(cap_voltage)

.0V

® KB N W A~ U OO N 00 W
w
T

(]
S
=<

[ | I |
@.0ms 0.4ms 0.8ms 1.2ms 1.6ms
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17.
<Design> One possible solution

Choose a basic RC circuit, where choice of variables are R, C, and initial capacitor
voltage.

V(1) = Voe ™

i(1) = ) 2o e

R R
(0) = 1md = Lo
1(0) =1lmA = 2
choosing

R=5kQ

i(5)=1e™" =0.368
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18.
(@)
i(¢)=i(0)e ™"

i(¢)= -3¢ mA

(b)
i(0)5-3mA

i(1ps)=-1.104 mA
i(2 ps) 5 -406.0 mA
i(5 ps) 5 -20.21 mA
(©

w= 1Li2

2

w(0)==>(10")(3"20%) {45
w(1ps)= %(10'9)(1.104 “10%)
w(5 ps) = %(10‘9)(1.104 “10%)
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19.

Le e (.lno(og-(soég? 4]

i(0) 1
(b)

w==Li*

w(0)=2(5)(1)°

w(50 ms) = %(5)(1@0-05”0-05)2 =338.3mJ

w(100 ms) = %(5)(1@0-1’0-05)2 24579 m

2

6.197 mJ

W(150 ms) = %(5)(16—0.15/0.05)
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20.

v.(0) _ 10
i(0) -5
R=2W
L=2H

(

(0)=10¢" 510 V
(1)=10¢™ 5 3.679 V

vp(2)=10e? £1.353 V
(3)=10¢7° 7 497.9 mv
(4)=10¢™ £183.2 mV

v, (5)=10e £ 67.38 mV

(b)
p=V'IR
p(0)g50 W
p(1)=10e" 56.768 W
p(5)=10e 52.270 mw
(©
w—iLi2

2

=45.40 ~ 107 or 0.00454%
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21.
i(t)=i(0)e ™"

R__ 1 In[Z.ZO?) 11000
L 0.001 6
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22.
(a) Before the switch opens, all current from the source will be flowing through the
inductor

(o) ma

(b) Just after the switch opens, the current through the inductor will be the same, since it
cannot change instantaneously
Before the switch opens, all current from the source will be flowing through the inductor

(o)

(c) The current for t>0 will be given by
l(t) - 46—2201/0.002 - 4e—t/9.0909/77s mA

i(15.8) =47 107%e™¥9%%® =|703.,5 /mA

(d)
i(31.5) =47 107599 <1251 mA

©)
i(78.8) -4 10—3 e—78.8/9.0909 :
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23.
(a) Before the switch opens, all current from the source will be flowing through the
inductor

o)

i,(07)=4 mA

WZELi2 =16 nJ
2

(b) Just after the switch opens, the current through the inductor will be the same, since it
cannot change instantaneously. All of the current from the source will now flow through
the resistor.

v(07)d1.2V
i,(07)=4mA

wzlLi2 =16 nJ
2

(c) The current through the inductor for t>0 will be given by
i( t) = [ 22000002 — 4 1190909 0 A

i(8)=4"107¢"*"® =1.6591 mA

And the voltage across the 300 ohm resistor is unchanged, v+1.2 V

(d)
i(80)=4"107"""* = 602.9 nA

21
w= ELZ =363.5 aJ

And the voltage across the 300 ohm resistor is unchanged, v=1.2 V
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24,
(a) For t>0, the inductor is in series with three resistors.

L(0)=0,(0) ™"

The initial current is determined before the switch is opened, where the inductor is a short
circuit.

i,(0)=10/50=0.2 A

i, (#)=200e"*" mA | where time ¢ is given in seconds

The voltage across the resistor is given by Ohm’s Law
v=-i, (25W)

v(t) = -5¢7#%" \/| where time ¢ is given in seconds

(b)

i,(07) 5200 mA
v(O') =[7.1429 V/(voltage divider)
(o)

W0') 75V

L (a70m)
(a10m)4 18TV
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25.
(a)
Prior to the switch closing, the current ip = (1.5)/(5k + 10k) = 0.1 mA =100 pA

After the switch closes, 1w = —iL

i, (t) =i, (0)e ™"

i,, (t) = -100e™"" mA\

(b)

i, (0)5 -100 mA
i, (t) = -100e™¥* =[-52.20 /mA
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26.
(2)

From KCL, — +— =,
R
4 3

—_ R3R4

= —lL
R, +R,

i, =i, (0)e™”"

t=LIR,

Req :R1+R2+ R3R4

R,+R,

R.R Rt

- R )t
R,+R,

1%

(b)

=125 600+ (00)(20)

400 + 300

(400)(300) (0,003
400 + 300

v(500 ns) =192.0 mV

=1971W

) e-(1971)(500'10‘9 Ji(0.001)

v(500 ns) =
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217.
(a) At t=0", the inductor is a short circuit, and we have a resistor network

The voltage at the top center node (defining reference potential at the bottom):
v-4 v vy

+—+—=
10 3 5
v=0.6316 V
i =-2=-2105mA
3
. A%
i, = ¢ =1263mA
v, =0

(b) At t=0", the inductor current remains the same, but the voltage can change

i, =i, =126.3 mA
v, =-i,(3+5)=-10104 V
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28.
(a) At t=0", the inductor is a short circuit, and we have a resistor network
The voltage at the top center node (defining reference potential at the bottom):
v-1.2 v v
+ + =0
1000 1000 2000

v=048 V

i, = —— =240 mA
2000

v, =0

v, =v=048V

(b) At t=0", the inductor current remains the same, but the voltage can change

i, =240 mA
v, = =i, (1000 +2000) = -0.72 V
v, =i,(2000)=0.48 V

(c) For t=0
i, (t)=1i,(0)e ™" = 240e™"™™ mA

i, (1ms) = 240e™° = 217.16 mA

v, =-0.6515 V
v, =0.4343 V
(d)

i, (10/ms) = 240" = 88.29 /mA
v, =-0.2649 V
v, =i,(2000) = 0.1766 V
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29.

The circuit may be simplified using an equivalent circuit using series/parallel inductor
and resistor combinations.

The 1 H and 2 H inductors in parallel: Leq =2/3 H
This is in series with the 3 H inductor: Leq=11/3 H

Examine at t=0" to find the initial condition
The node voltage at the top center of the circuit

v v v
B=—+—+—

8 3 2
v=5.2174 V
Y
i, =—==2.6087 A
2
For t>0, the inductors is in series with the 2 ohm and 3 ohm resistors
L 11
=—=—35
R 15

i, (¢)=2.6087¢" A
i,(t)=-i, (t) = -2.6087¢™" A
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30.
Assume that the constant in the exponential is given in inverse seconds (90 s™!)

The voltage will reach half when e =0.5

= In(LS) 37.702 ms
-90
The current will reach 10% when ¢ = 0.1
= In(_Ol) =[25.58 ms
-90
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31.
Examine initial conditions for the inductor, before the switch is flipped

Analyzing the circuit using nodal analysis or source transformation,

iA@ZEmA

After the switch is flipped, the current source and 1 ohm resistor are shorted.
As a result, there will essentially be two independent circuits: 1) current source flowing
through the short, and 2) RL circuit consisting of the 4 ohm resistor and the inductor.

i,(t) = 0 (no current through shorted resistor)
i,(t)=9 md-i,
i, (1)= 2 mA

5
(a)
i (1ms) =0
i, (Lms)=9- ge-‘m =8.1912 mA
(b)
i, (3ms)=9- %e'“ = 8.8367 mA
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32.

Chapter Eight Exercise Solutions

Begin by finding the inductor current before the switch is flipped
The inductor is a short, which also shorts the 1 ohm resistor
The resulting series circuit has a current
2V
i,(0)=———-=0.254
5W+3W

When the switch is flipped, There are essentially two independent circuits: 1) voltage
source in series with 5 ohm resistor; 2) inductor in parallel with 1 ohm resistor in parallel

with 3 ohm resistor. From KCL,

The equivalent resistance is given by the parallel connection of the 1 ohm and 3 ohm
resistors, defining the time constant L/R.

R 3/4 75
v, = %iL (0)e ™"
v, = ie'm \/
16
(b)
v, = ;iL (0) VX(S}’HS) 3128.9 mV
(c)
ic I(L1)=0.25
R2 L1 R
3 10m .
.tran 10m
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196mv
18@mV—
170mV—
160mV—
150mV—
140mV—
130mV—
120mV—
110mV—
10@mV—

90mV—

8omv I T T T i T | | T
@ms 1ms 2ms 3ms 4ms 5ms ems 7ms 8ms 9ms 1@ms

V(vx)i
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33.

<Design> One possible solution

Setup the voltage supply to provide the initial value of 5 V
The voltage decay to 2 V at 1 s will determine the required time constant
2=5¢"

t=10914s

Verify that this will meet the specification of less than 60 mV at t=5 s.
v =5 =512 mv

Choose resistor values of 10 ohms, resulting a capacitor value of 109.14 mF to provide
the desired time constant. Note that a 10 V supply is used, where an initial value on the

capacitor of 5 V is obtained through voltage division across the two resistors. The final
design and SPICE simulation are below.

10
AN

10V (_) 10 Q § v 109.14 mF

+

Cap_voltage
.ic V(Cap_voltage)=5
R2 C1
10 1109.14m
.tran 10
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\V (cap_voltage):

5.0V
4.5V—
4.0V—
3.5V
3. 0V—
2. 5V- |
2, QY R B B B B
1.5V :
1.0V
0.5V-

0.0V i T | I I | T T T
@s 1s 25 3s 4s 5s bs 7s 8s 9s 10s
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34.
Beginning with the initial value,

(R )
ve(0) = 125LR 10

The expression for t=0. 65

R 065 )
10J L 60+R)(001)J

Solving using Matlab or other software,

v.(0.655)=5.22 = 125L

R=40W

Att=2s,
)
VC(ZS)_12'5[40 10) P "6 0+4o (007)) ~H*Y

We can find the time constant required for t=2.21 s
v,(2.21) =1=1.3534¢°%"

t=0.6939 s

When the switch is flipped at t=2, the new equivalent resistance becomes

R =40+-22R =L _ g9 304w
g 60+R, C

Solving,

R,=57.62 W

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9t Edition Chapter Eight Exercise Solutions

35.
(a) The voltage across the capacitor will be continuous

v,(01)=25V
Using KCL to relate v to ve
Vo V-,

_ +L:0
10 8 20
v, (1 1 1]
vV=— —+ —+ —
8/ 10 8 20
5

V=—v
11 ¢

at t=0",

ve=25V
v=1.1364V
i;=113.64 mA

(b) The equivalent resistance observed by the capacitor is 8 ohms in series with the
parallel connection of the 10 ohm and 20 ohm resistor

R, =8+ 002 1y 67y

10+ 20
_i_i:£:954,5m|:
R, 1467 |22
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36.
(a) For t=0, the capacitor is an open circuit
We can simplify the resistor network, noting the series connection of 2k + 4k = 6k, in
parallel with the capacitor and 6k resistor. The capacitor is therefore in parallel with a 3k

resistance.
ve =1 Sk 3075V
3k+1k
The current in the branch on the right is given by
1 1
= =— mA
Sk+2k 7
1 2
v = Zm (2k) = 25028571V

(b) For t=0", vc stays the same

3k

ve=1 3075V
3k+1k
And from voltage division,
2k 3

Yy =y, =—=2 01875 V
lk+5k+2k ¢ 16

(c) The equivalent resistance observed by the capacitor is the 3k in parallel with (1k +5k
+ 2k), or Rey = 24/11 kohms

t=R,C= [i—i’kj (1m)=2.1818 ms

VC (t) - vC (O) e—t/2.1818ms

v (10ms) = v.(0)e %™ =|7.6653 mV

vy (10ms) 51.9163 mV

(d)

v (12ms) = v, (0)e#*** =3.0649 mV
vy (12ms) =|766.2 1V
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37.
(a) For t=07, applying KCL to node vc
i +15i + =10 g
_Yc
i =-C
t 8k
v =|3.4783 V

(b) Remains unchanged at t=0+

34783V

Ve

(c) Need to find the equivalent resistance as observed by the capacitor. Applying a test
current of 1 A in place of the capacitor

1= +15i = 25—

8k
v=3200
R, =vI1=32 kW
[=R,C332ms
(d)

v (3ms) = 3.4783¢¥°? 51.3621 V
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38.
(a)
vi(07)=100V
v2(07)=0
vr(0)=0

(b) The capacitor voltages will remain, though vz will change according to the values
fixed by the capacitors

vi(07) =100V
v2(07)=0
vr(07) =100 V

(c) The two capacitors are connected in series
5720

“ 5+20

| t=RC,_ =(20k)(4m)=80 ms |

=4 mF

(d) vg will be the same as the voltage across the equivalent capacitance

ly, =100 V/ |

(e)
i= @e—I/SOms — Se—t/SOms mA
20k
® .
v, = ajidt+v1(0)
1 -t ms
v, = -ZO—m(Sm)(som)[l-e %m 1+100

v, =100-20[1- ¢ | V

v, = Cijidt+v2(0)
2

v, = 5—1/n(5m)(80m)[1— e"/go"”]

v, = 80[1 - e'”go””] \Y,
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(2
Total stored at t=0 is w = %CVZ = %(20 m)(100)°

Total stored at t=o0 is w = %CVZ = %(20m+ 5m)(80)°

Total absorbed by resistor w= (i*Rdt = (20k) 0 (Sm)2 e %0 dy
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39.

(a) The same energy will remain at t=0+,

(b) Find the initial condition based on energy storage

1
w==Li*

2
2)(54 7 10°°
i(0)= (2)(>4 " 107) — ) =15 mA
4810
Analyzing circuit to find Req as observed by inductor
R, =42W

t=L/R,, =1.1429 ms
1/t=875s"

i=1.5e% mA

w= 1(48 7107)(1.5 7 10 %O )
2

w=/9.3838 nJ

(©)

w= %(48 7107)(L5 ~ 10 e 0™’

: 8.5569 pJ

w
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40.
t=-2 t=0" t=+2
(a) 0 3 3
(b) 8 8 3
(c) 0 0 0
(d) 11 11 4
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41,
t=—1 t=0 1= +3

(a) 1 0 0

(b) 10 10 8

(c) 2 2 1

(d) 2 2 3
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42.

-
T
1

i (A)

o
o ul

q(C)
ON MO

1
w
1
N
1
=
o
[EEN
N
w
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43.

f(t)=u@-0)+u(t-1)-u(t-2)

(other answers may be possible)

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9t Edition Chapter Eight Exercise Solutions

44,

v(t) = -2u(L-t) - 2u(t - 1)+ Tu(t - 2) - Su(t - 3) + 2u(t - 5)

(other answers may be possible)
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45.

t0=2e-8;

syms t

figure (1)

fplot ((heaviside (t-t0) -heaviside (t-t0-7e-8)) *sin (259%e6*t), [0, 12e-
8],'r', 'LineWidth',1.0)
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46.
(a) Capacitor is initially uncharged,| v(0™) = 0

(b) Capacitor voltage will not change instantaneously| v(0") =0
(c) Determine the time dependence and evaluate at # = 2 ms.

The final voltage will be given by voltage division for the two resistors

v(¥)= 6—2K _—agv
500 + 2k
The equivalent resistance seen by the capacitors are the two resistors in parallel
_ (500)(2000) _ 400 W

“ (500 +2000)
t=R,C=16ms
v(t) = (o) +[v(0) - v(o0) Je*
v(t)=4.8+[0-48]e "™ V
v(t)=48[1-"" |V
v(2ms) = 48[1- ] 53.4248 V]

(d)

v(5ms) = 4.8[1— e's/l's]
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47.
(a) For t<0, capacitor open circuit, voltage source zero.

The 5 mA current source will be evenly divided among the two 2 kQ resistors
v,(07) = (25m)(2k)

Capacitor voltage will not change instantaneously,

v, (O+) =5V

i.(07) 0]

Find ic(0") from KCL
v.-12 v, .
Sm = + =+
2k 2k
i.(07) =6 mA

(b) From source transformation, an equivalent circuit is a series connection of an 11 V
source, 1 kQ resistor, and capacitor

v (1) = v (o) +[.(0) - v. (o) Je™

v, (£) =11+ [5-11]e 27 =11 - g™ v/

v,(20ms) =11- 6% =8.7927 V

11-8.7927
i,(20ms) = 11-8.7927 15 2073 mA
1k
(c)
.ic V(Cap_voltage)=5
/\R/Z\/ Cap_voltage
2k I
Vi R1 e
5m 2k _20“

PULSE(0 12)

.tran 100m
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11.5v V(caE)_voltage) I(C1)i 6
11.0V— : —5
10.5V— ‘3
s g
. —4
9, 0V- 3
8.5V— —3
8.0V— —2
AV PO OSSO, —2
7.0V 2
oo ¥
- 0
5.5V— 5 —0
5.0V i i I : 0.
Oms 20ms 40ms 60ms 80ms 100ms

. OmA
. 6mA
« 2MA
. 8mA
«4mA
. OmA
. bMA
« 2MA
» 8MA
«4mA
. OmA
. bMA
« 2MA
« 8MA
«4mA

@mA
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48.

(a) The capacitor is initially uncharged, and will not change instantaneously at t=0,

v(0) = 0.

The final voltage will be given by voltage division for the two resistors

1k
v(¥)=3 =1V
1k+2k

The equivalent resistance seen by the capacitors are the two resistors in parallel

- BR20) _ e 7y
“ (LK +2k)

r=R,C=666.7 ns

v(t) = v(o0) +[ v(0) - v(o0) Je "
V(t) =1+ [0 _ 1] e-t/666.7ns \V/
V(t) = l— e—t/666.7ns V

(b)
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49.
The capacitor is initially uncharged, and will not change instantaneously at t=0,
v(0)=0.

The capacitor will also be an open circuit, so is= 0.

The capacitor will charge to the source voltage of 10 V

v(¥)=10V

The equivalent resistance seen by the capacitors are the two resistors in series
R, =4 kw
=R, C=12ms

V(1) = v{e0) +[v(0) - v(w) e
v(¢)=10+[0-10]e"*™ V
v(t)=10[1- ™" | V

The current is related to the capacitor voltage by

i,(¢)= 1(2: =25¢""" mA

OB IR

2.56—t/1.2ms mA > 0
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50.
(a)
w= %cﬁ = %(50)(3)2

(b)
V(1) =v() + [v(0) - v(=0) Je "
v(t

): 3[1_ e—t/500s] VvV
2

Y —p95=_Y

Wmax Vmax

v=2924V

2
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51.
When the switch is closed for t<0, the capacitor is shorted out, v=0.
When the switch is opened, the capacitor will charge.

The circuit can be revised to a Thevenin equivalent using source transformation or other
techniques with V7 =90/11 mV and Re; = 370/11 Q

The final voltage is 90/11 mV
Time constant is £=(370/11)(0.002) = 67.27 ms

i, (£)=1,(c0) +[7,(0) =7, (o0) J™"
ix(0) = [Vr — V(0)]/Req = 243.24 pA
ix(0) =0

ix(t) = 243.24¢7Y5727 YA

ix(70 ms) = 243.24e 796727 2 85 93 uA

(b)
.ic V(cap_voltage)=0
.tran 100m
- /C/z\/ /\R/4\/ Cap_voltage
10 20
I
<[D R1 R3 C1
m 1 30 [am
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260uA
240uA—
220uA—
200pA—
180A—
I160uA—
140A—
12QpA-
(100pA—]
580pA—
6OuA—
40pA—
20uA— i
QA | | | : |
oms 20ms 40ms 60ms 8@ms 100ms

Copyright ©2018 McGraw-Hill Higher Education. Permission required for reproduction or display. All rights reserved.



Engineering Circuit Analysis 9t Edition Chapter Eight Exercise Solutions

52.
When the switch is open for t<0, the capacitor is charged.
The circuit can be revised to a Thevenin equivalent using source transformation or other
techniques with Vg =90/11 mV and Req = 370/11 Q
The final voltage is 90/11 mV

For t>0, the short circuit of the switch will alter the circuit to two independent circuits.
The i, branch is part of a series RC circuit on the right side, where the capacitor will
discharge.

Time constant is £ =(20)(0.002) =40 ms

i (1)=1,() +[4,(0) -, (=) Je "

ix(0) = (—90/11mV)/(20)=-409.09 pA
ix(0) =0

i, (t)=-409.09¢™"" mA

i, (70ms) = -409.09¢ 7" 3 -71.09 /mA

.ic V(cap_voltage)=8.1818m
.tran 100m

R2 R4

_ /\/\/ - /\/\/ Cap_voltage

10 20

I

ORI g

m 2m

1(C1)!

40uA
QuA—
-40uA—
-80uA—
-120uA—
-160uA—
-200uA—
-24QuA—
—280uA—
—320uA—
-360uA—
-400uA—
—440pA | | | |
@ms 20ms 40ms 60ms 80ms 100ms
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53.
(a) For t<0, capacitor is charged by the 10 V source.
The source voltage is divided among the 5k and 20k resistors

vc(o):loﬂ: 8V
20k +5k
When the switch is flipped, we have a Thevenin equivalent circuit with
[=0.6A, R=10
[=0.6A, R=25/3
R=8.3299 ohm
Vth=4.9979 V

Vg = 4.9979 V5V
R, =8.3299 W
t=R,C=16.66 /5

)= v (00) [ v (0) = v (o) Je ™
t) = 5 + [8 _ 5]e—t/16.66/773 V
)

- 5 + Be—t/lG.GG/ﬂs V

— ¢ :100+60e—t/16.66/m mA

w==C = %(2 ~107)(5.4139)’

w=29.31/m
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54.

(a) For t<0, source transformation can be used to determine a Thevenin equivalent circuit
with

v, =1.4206 V
R, =0.8824 W

v,(0)=1.4206 V

The power dissipated by the 5 ohm resistor is

_v.(0)° _ (1.4206)"

403.62 mW

5

5

(b) For t>0, a similar Thevenin equivalent can be determined, without the 10 mA source
and 5 ohm resistor, and with the switch shorting out the top 1 ohm resistor.
vy = 24111V

R,=6/11W

v ()= v () #[7,(0) v, () Je "
v, (t) = 2.1818 +[1.4206 - 2.1818] e "***™ v
v, (t) = 21818 — 0.7612¢-555™ \/

The power dissipated in the 3 ohm resistor is given by
v? _(21623)°

p

p

3

3

1.5586 W
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55.
(a) The circuit on the left may be represented by a Thevenin equivalent circuit with
Vyy =225V
R,=125W

t=R,C=(125)(20m) =25 ms

The capacitor is initially uncharged, v=0
v, (f) =v, (oo) + |:Vc (0) —v, (OO)]e—t/t
v.(t)=225+[0-225]e"™™ v
v,()=225[1-"" ]V

(b)
w= 1 0%

2
w(0) = %(20/77)(0)2 =0

w(25ms)=—(20m)(1.4223)" = 20.229 mJ
; 2

w(150/ms) = %(20/77)(2.2444)2 =50.374 mJ
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56.
The circuit on the left may be represented by a Thevenin equivalent circuit with
Vo =6V
R,=1W

t=R,C=(1)(20m) =20 ms

The capacitor is initially uncharged, v=0
v (£) = v () +[v.(0) - v, () Je™
v.(t)=6+[0-6]e"™™ V
v,(£)=6[1-"™ ]V

The circuit will fail when the 5 ohm resistor power is 2 W
2

C

5
v, =10

\/E — 6[1— e—t/ZO/ﬂs] V

t=14.975 s

p:2:
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57.
The 1 ohm resistance in parallel will not impact the resistance and voltage observed by
the capacitor, where a Thevenin equivalent circuit can be drawn with
v =12eu(t) V
R,=1W
t=R,C=(1)(1)=1s
The capacitor is initially uncharged, v=0
Since we no longer have a step response, we need to evaluate the forced solution from the
differential equation
dvc + L - 126—2t
dt RC
v, (t) =-12¢7*

v,(t)=Ke™

v(t) = Ke' -12¢7
Evaluating at t=0 to find K: K =12

v(t) = 12(6" - e"'”) \

Time (s)
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58.
There is no current flowing into the op amp terminals. Therefore, the output of the op

amp will be the same as the 9u(t) source. The capacitor will be have similar to a series
RC circuit, with the capacitor initially uncharged.

v, (t)=9+[0-9]e "™

Vc (t) — 9|:1 _ e—t/leS] V

The voltage across the resistor will be 9—v.

v (t) =9¢ ™™ \/ fort> 0

X
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59.
The response of the series RL circuit is time-shifted, where the voltage source turns on at

t=1.
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60.
(a) The inductor has no energy storage for t <0, and hence no current flow. When the
source turns on, current will begin flowing through the resistors, current increasing
through the inductor as time progresses.

i(07)=i(0")=0
v(07)=0
v(07) = (2maA)(25 1 1100W) = 40 m¥’

(b)
i

)+ [i(0)- ()]

oo tle=
l(t (l e'”l‘r’o'”) mA
1(150ns) ( e'15°’15°) mA
i(150ns) = 1.2642 mA

)=i
)
)

(c)
.ic I(L1)=0
.tran 500n

I

CD R2 R3 L1
25 100 3u

PULSE(O 2m)

. OmA
. BmA—
. BMA—
« 4mA—
« 2mA—
« OmA—
« 8mA—
. BMA—]
« 4mA—
« 2mA—]

. OmA T : T T T
ons 100ns 200ns 300ns 400ns 5008ns

e ® B KB R R R\ N

e e o
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61.
(2)
i(1)= (o) # [(0) - (o) Je "
i(0) =400 mA
i(¥)=33.733 mA
R, =(2k+1k)||1k=750 Q
= i = 10_m =13.33 775
R, 750

eq
i(t) = 33.733+[0.4 - 33.733] e **™ mA
i(¢)=33.733 - 33.333¢7"*%™ mA

(b)

i(10/ms) =17.99 mA
i(20/ms) = 26.30 mA
i(50/m5) = 32.95 MA

Chapter Eight Exercise Solutions
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62.

i(£)=0.4(1- 2% m) A

(b)

100

90

80

70

60

50

i (MA)

40

30

20

10
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63.

(b) |
Ve =V, ZLQ

dt
Vg = %e'ﬁf” =1.7143¢°"" V

(©)

w

o

o
T

=

o

o
T

0 1 1 ] \
-1 0 1 2 3 4 5 6

Time (s)
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64.

L1

{inductance} ic I(L1)=0

V1

R1 .save I(L1)
10 .meas TRAN out FIND I(L1) AT=2m
.option plotwinsize=0 numdgt=15

PULSE(O 5)

é .step dec param inductance Tm 100m 10

.tran 5m

The plot below shows output, with current at 2ms as y-axis and inductance as x-axis.

| NON EZ RL_step.log.raw
R H LT
550m
500m
450m—
400m—
350m—
300m—
250m—
200m—
150m—
100m—

out

SGIII T T T T T T T T | T T T T T T T

im 10m 100m
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65.

(a) For t <0, voltage supply is 5 V, all current flows through 100 ohm resistor and
inductor; inductor shorts the 400 ohm source. For t > 0, source switches to a total of 11

V. Equivalent resistance observed by inductor is parallel combination of 100 and 400
ohm resistors.

1) o) +1(0)- (o) Je
R, =100(]400 = 80

t:£:£:62.5 ms
R 80

i(¥)= o i10ma
100
i(t£o):i:50 mA
100
i(t) =110 - 60e"%*™ mA

W 9=t

wmax lriax
i= \/0-9imax =104.35 mA
t=147.7 ms
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66.

(a) For t <0, the switch shorts the 4.5 V source and 60 ohm resistor. When the switch
opens, the source and resistor are added in series.

1) =) # (0) - =)

R,=60+20=80 W

r=L 0065
R 80
i(¥)= 9 _1125mA
80
i(t£0):£: 225 mA
20
i (1)= 225 mA 1<0
t 112.5+112.5¢"%™ mA >0
(b)
240 T T T T T T T
220
200
~ 180 B
<
g
=160 |
140
120
100 1 1 1 1 1 1 1
-1 -0.5 0 0.5 1 1.5 2 2.5 3

Time (Mms)
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67.

For t <0, the isolates the 100 mA source and 30 ohm resistor. When the switch closes,
the source and resistor are added in parallel.

10)= o) #[1(0) ()]

Req:30||40:@
7
_L_ 008 4
R 120/7

i, (¥) =300 mA

i, (+£0) =200 mA

However, we are asked to find the current through the 40 ohm resistor
i(¥)=0

Voltage at the node at time = 0"

2+ Y+ 200m =100m + 200m
30 40

v=17143 V

_ Vv

i(1=0")=-"=142857 mA
40

i(t):{ 0 £<0

42.857¢ ™™ mA >0
i()

p=i"R=(0.042857¢**"" " (40)
p=4.2195 MW
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68.
For t <0, there is no energy stored in the inductor. For t > 0, source turns on and current
begins flowing through inductor. Find initial and final values, time constant of circuit.

iy(£) = iy (o0) + [’1() il(oo)]e_ﬂt

Need to negate independent sources and apply a test source to find Req

R =2w

“ 13
50n
25/13

£ =26 ns
R

i (o) -2 —15385 mA
! 13

i, (¥) = 400 mA
i, (1) = 400 - 246.15¢7"*" mA

il(t):{ 0 t<0

400 - 246.15¢"%* mA >0
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69.
For t <0, the sources are off, no energy storage.
Att=0, the 9 V source turns on, inductor charges
Att=1, -9 V source turns on, canceling the 9 V source, inductor discharges

1) =i(=) 4 i(0) - ) e "

ForO<t<1

ga_ 9 B}
l(t)—E(l—e Rt/4)
Att=1,

i(t) = i(l) o R4 = 2(1_ e'R’4)e'R("l)’4

The circuit with R = 1 ohm reaches a higher current, and will therefore lead to larger
energy storage in the inductor.
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70.
l(t) = z(oo) + |:i(0) - z(oo)]e'”t
L 002
R -ams
z(o+) = 250 mA
z(¥) =500 mA

i(t)= 500 250¢7"°" mA
95% of full speed when current is 475 mA

| £=4.6052 ms |
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71.
The new time constant for the circuit is 1 ns.

I

I
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72.
The new time constant for the circuit is now 1 s.

I1L1)

IIL1)
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73.
/\R/1\/ Cap_voltage
1 .tran 100

1€
_'I
PULSE(0 20 1m Tm 10 20 5)

<

V(cap_voltage)

2.0V
1.8V
.6V
A
.0V
. 8V—
.2V
-0V | I ! I |

@s 16s 20s 30s 4@8s 50s 60s 70s 80s 90s
110mV V(cap_voltage)

100mV—
90mV—
80mV—
70mV—
60mV—
50mV—
40mV—
30mV—
20mvV—
10mvV—

omV T I I T
@ms 20ms 40ms 60ms 80ms 100ms,

® B B B B
N
T

[T =T~
&~ O
T T

(=]
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74.
/\R/]\/ Cap_voltage
1 .tran 50

C1
_'I
PULSE(0 20 Tm Tm 10 10.01 5)

e

V(cap_voltage)

2.2V
2.0V — — —
1.8V
1.6V
1.4V
1.2V
1.0V
0.8V
0.6V
0. 4V
0.2V

0.0V | I | I | I I | I
@s 5s 10s 155 20s 255 3@s 355 40s 455 50s

V(cap_voltage)

25mV;

20mV—

15mV—

10mV—

5mV—

omv | T | | |
2s 5s 10s 15s 20s 25s 30s 35s 40s 45s 50s
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75.
Time constant is 10 ms. Evaluate RC response piecewise, evaluating initial conditions for
each step of the input pulse.

Voltage (V)
= N
(6] N (6] w

[EnY

0.5

0 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180

Time (ms)

Vin=5;
R=200;
C=50e-6;

tau=R*C*1000;

tpts=1000;
t1=50;
t2=55;
t3=105;
t4=110;
£t5=160;
t6=165;

t=1linspace (0, t6, tpts);

for i=l:tpts;

if t(i)<tl;
vc(1)=Vin* (1-exp (- (t (i)-0) /tau));
cl=i; % counter

end

if t(i)>=tl & t(i)<t2;
vcinit=vc(cl);
vc(i)=vcinit*exp (- (t(i)-tl)/tau);
c2=1i;
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end

if t(i)>=t2 & t(i)<t3;
vcinit=vc (c2);
vc(i)=(vcinit-Vin) *exp (- (t(i)-t2)/tau)+Vin;
c3=1i;

end

if t(i)>=t3 & t(i)<t4;
vcinit=vc (c3);
vc(i)=vcinit*exp (- (t(i)-t3)/tau);
cd=1i;

end

if t(i)>=t4d & t(i)<t5;
vcinit=vc(c4);
vc(i)=(vcinit-Vin) *exp (- (t (i)-t4)/tau)+Vin;
ch=1i;

end

if t(i)>=t5 & t(i)<=t6;
vcinit=vc(ch);
vc(i)=vcinit*exp (- (t(i)-t5)/tau);
co=1i;

end

end

figure (1)
plot(t,vec, 'r', "LineWwidth',1.0)

xlabel ('Time (ms)', 'FontSize',14)
ylabel ('Voltage (V)','FontSize',14)
set(gca, 'Fontsize',14, 'LineWidth',1.0)
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76.
(a) Canceling current source and analyzing to find Req:
R, =136 W

£ L1x, =206 15 |

(b) For t > 0, one method is to develop a Thevenin equivalent circuit
We already have R, above
The open circuit voltage at the inductor is (2m)(10) =20 mV

i(t) = ]2_2—1761(1_ e-t/220.6m;) =1.4706 (1_ e-t/220.6/7/s) mA

v, = 4i(r) = 5.8824(1- ¢#°™ ) mV

()
p=i’R

< ]
(d)
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Changing the dependent source results in a change in Req. Vtu remains the same.

R,=144W

t=LIR, 52083 /5

. —_ 20m -t OMS | — -t .S/Ms
z(t)—m(l—e 83 21,3889 (1- 7% ) mA

v, =4i(t)=5.5556(1- ¢ " | mV

(e) Both circuit configurations are “stable”, they both approach a constant value for final
voltage, only differing in equivalent resistance (time constant) and final value.
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77.
(a) Canceling current source and analyzing to find Req:
R, =136 W

[t=R C=408 ms

For the case of the 10k resistor, equivalent resistance and time constant change to

R, =135815 W
£=R,C=40.7446 ms

| Not much difference in time constant, changes by about 0.14%

(b) Find the time response of the circuit, using Thevenin equivalent, and then relate to
variable vy
Without the 10k resistor,

(l‘) - ]2-2_77;(1_ e—t/40.8ms) =1.4706 (1_ e—t/40.8ms) mA

v, = 4i(r) = 5.8824(1- ¢*") mA
v, (200ms) = 5.8387 mV

With the 10k resistor,

l(f) - 19.973m (1 _ e—z/40_7446ms) =1.4775 (1 _ e—t/40.7446ms) mA
13.518

v, = 4i(r) = 5.9100(1- &7 ) mA
v, (200ms) = 5.8664 mV

Not much error, approximately 0.47%
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78.
Writing KCL at the inverting terminal of the op amp
Vv, _ ;= dv,
10 ° dt

v, = 333.3k{) v, dt

We have an integrator, where the output is related to the integral of the input.
We can relate the capacitor voltage to the desired output
VS'

vy =-v, =151, = -v, —15(—)
10

(a)
v, =1.333t MV

v, =-1.333710°t-6 V

(b)
v, = 3333k 4 (e-lso,oom _ 1) =10.2554 (1 _ e-130,000z) V
-130,000

v, = -10.2554 (1 _ e-lso,oom) B 1300001\
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79.
<Design> One possible solution
Choose time constants to be within desired parameters
Choose reasonable values for Rs and RL.

Below is the simulated response for the voltage at C; and at the output.

Circuit values:

Vin=5V
Ci=8 uF
C=8 uF
Rs=2Q
RL =5000 Q
Voltage at C1
5
4.95 4
S 4.9 -
Q
(@]
8
o
> 4.85 7
48| .
475 1 1 1 1 1
0 0.5 1 15 2 2.5 3
Time (ms)
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Voltage output

10.2 T T T T T

10

9.8 .

9.6 .

Voltage (V)

9.4 F .

9 1 1 1 1 1
0 0.5 1 15 2 2.5 3

Time (ms)

Cl=8e-6;
C2=8e-6;
Rs=2;

R1=5000;

Ceqgp=Cl+C2;
Cegs=C1l*C2/ (C1+C2) ;

taup=Rs*Ceqp;
taus=R1*Ceqgs;

Vin=5;

tpts=500;
tspacel=2e-4;
tspace2=5e-4;
tl=tspacel;
t2=tspacel+tspace?2;
t3=t2+tspacel;
td=2*t2;
t5=2*t2+tspacel;
t6=3*t2;
t7=3*t2+tspacel;
t8=4*t2;

t=linspace (0, t8, tpts);
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for i=1l:tpts;

if t(i)<tl;
vel (1)=(4.75-Vin) *exp (- (t (1) -0) /taup) +Vin;
Vo (i)=0;
cl=i; % counter

end

if t(i)>=tl & t(i)<t2;
vclinit=vecl (cl);
vel (i) =veclinit*exp (- (t(i)-tl)/taus);
Vo (i)=2*vcl (i) ;
c2=1i;

end

if t(i)>=t2 & t(i)<t3;
vclinit=vecl (c2);
vcl (1)=(vclinit-Vin) *exp (- (t (i) -t2)/taup)+Vin;
Vo (i)=2*vclinit;
c3=1i;

end

if t(i)>=t3 & t(i)<t4;
vclinit=vcl (c3);
vcl (1) =vclinit*exp (- (t(i)-t3)/taus);
Vo (1)=2*vcl (1) ;
cd=1i;

end

if t(i)>=td & t(i)<t5;
vclinit=vcl (c4);
vcl (1)=(vclinit-Vin) *exp (- (t (i) -t4)/taup)+Vin;
Vo (i)=2*vclinit;
ch5=1i;

end

if t(i)>=th & t(i)<t6;
vclinit=vcl (c5);
vcl (1) =vclinit*exp (- (t(i)-t5)/taus);
Vo (i)=2*vecl (i) ;
cob=1;

end

if t(i)>=to & t(i)<t7;
vclinit=vcl (c6);
vcl (1)=(vclinit-Vin) *exp (- (t (i) -t6)/taup)+Vin;
Vo (i)=2*vclinit;
c7=1;

end

if t(i)>=t7 & t(i)<=t8;
vclinit=vcl (c7);
vcel (i) =vclinit*exp (- (t(i)-t7)/taus);
Vo (i)=2*vcl (i) ;

end

end

figure (1)

plot (£t*1000,vcl, 'r', 'LinewWidth',1.0)
xlabel ('Time (ms)', 'FontSize',14)
ylabel ('Voltage (V)','FontSize',14)
set (gca, 'Fontsize', 14, 'LineWidth',1.0)
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figure (2)

plot (t*1000,Vo, 'r', "LinewWidth',1.0)
xlabel ('Time (ms)', 'FontSize',14)
ylabel ('Voltage (V)','FontSize',14)
set (gca, 'Fontsize', 14, 'LineWidth',1.0)
axis ([0 3 9 10.21)
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