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1 i) =i(0)e L = 2e™0t ma
a) i(100 ps) = 2e 1)~ 1 25 mA
() 1(100 ps)
(b) i(212.8 ps) = 2¢ "7 ") = 736
(c) v =-iR
V(75 ps) = ~2(4700)e "= | _6.608 v

(d) v (75 ps) = vr(75 ps) =| —6.608 V
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W =%Li2 =100 mJatt=0.

Thus, i(0) =+/0.1=316 mA
R

and i(t) =i(0)e t =316e"'2 mA

(@) Att=1s, i(t)=316e2 mA

192 mA

(b) Att=5s, i(t) =316e>'2 mA =|25.96 mA

(c) Att=10s, i(t) =316 2 mA =|2.13 mA

(d) Att=2s, i(t) =316e™" mA = 116.3 mA. Thus, the energy remaining is
W (2)= % Li(2)* 513.53 mJ
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R, 100
L

3. We know that i(t) =i(0)e b =2x107% L, and that i(500 us) = 735.8 pA.

Ths, L= —100(500x1o-6) B —100(5oox10-6)

- = =[50 mH
i(500x107°) 735.8x10°°
2x10 2x10
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R 4

=1.5e °°  and that i(2) = 551.8 mA.

-3 : -3
ThUS’R:_leO In(I(Z)J:_BxlO In(0'5518j - (150 MmO
2 15 2 1.5

_Ry
L

4, We know that i(t) =i(0)e
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R

—1.5¢ %1 and that W(0) = 1 J: W(10™3) = 100 mJ.

_Ry
L

5. We know that i(t) =i(0)e
Att=0, %(3x10_3)[i (0)] =1 therefore i(0) = 25.82 A.

Att=1ms, %(3x10‘3)[i (10-3)}2 —0.1 therefore i(10°) =8.165 A.

-3 - -3
Thus, R=_3x10 In _|(t) __3x10 In(8.165j= 34540
i(0) 0.001 25.82
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@) Since the inductor current can’t change instantaneously, we simply need to find i ile
the switch is closed. The inductor is shorting out both of the resistors, soli_(0%) = 2 A.

(b) The instant after the switch is thrown, we know that 2 A flows through the inductor. By
KCL, the simple circuit must have 2 A flowing through the 20-Q2 resistor as well. Thus,

v=4(20)=80 V.
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7. (@) Prior to the switch being thrown, the 12-Q resistor is isolated and we have a simple
two-resistor current divider (the inductor is acting like a short circuit in the DC circuit,
since it has been connected in this fashion long enough for any transients to have
decayed). Thus, the current i, through the inductor is simply 5(8)/ (8 + 2) :

The voltage v must b E

(b) The instant just after the switch is thrown, the inductor current must remain the same,
sdi_= 4 A] KCL requires that the same current must now be flowing through the 12-Q
resistor, sov =12(-4) =|-48 V.
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8.

. 10°  10°
a) i (0)=45mA RIL=— ==
@ 1O 4x10° 4

S, =457 mA ~i (5us) =456

=1.289 mA.

(0) isw(5 us) = 9-1.289 =|7.711 mA.
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i (0) = % = 2A i (t) = 2802

(@)

=[2e "' A,t>0

(b)  i(0.01)=2e =[36.63mA

(c) 2% =1, e" =2, t, =[1.7329ms
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10. (@)
di _.
La+5|:0 [1]

vy =—21 so Eq. [1] can be written as

d(—ij
L 2 —5(_VR]:O or
2

dt

2.5%+ 2.5v; =0
dt

(b) Characteristic equation is 2.5s + 2.5=0,0rs+1=0
Solving|{s = -1, v (t) = Ae™

(c) Att=07,i(07) =5A=i(0"). Thus, v, (t) =-10e",t >0

/o (0) :%(10) ~ 6667V

v (07) =—10 V
V() =—10e = —3.679V
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11.

(a) L _eve toynle b 90 Yo imo=2303;
l, T I T
| t N t
—=100,— =4.605; == =1000,— =/6.908
| T | T

(b) L:e—t/r,d(lllo) =_et/r; att/r=1,w=—e_l
1, d(t/z) d()

Now,y=m(x-1)+b=—-e"(x-1)+e™ (l = X’IL: yJ
3 [o]

Aty=0,e'(x-1)=e" .. x:2.'.t/r:
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12. Reading from the graph current is at 0.37 at 2 ms

r=2ms

l, =10 A
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13. w = % Li? so an initial energy of 15 mJ in a 10-mH inductor corresponds to an initial
inductor current of 1.732 A. ForR=1kQ, 7= L/R =10 ps, so i (t) = 1.732 e > A,
ForR=10kQ, 7=1 usso i (t) =1.732 ™. For R = 100 kQ, =100 ns or 0.1 s so
iL(t) = 1.732 e™™ A. For each current expression above, it is assumed that time is
expressed in microseconds.

To create a sketch, we first realise that the maximum current for any of the three cases
will be 1.732 A, and after one time constant (10, 1, or 0.1 ps), the current will drop to
36.79% of this value (637.2 mA); after approximately 5 time constants, the current will
be close to zero.

PARAMETERS:
MNAME1=Resistance
WaLUET=0
R1
T AN
% {Resistance}
65
L R |
\ 1 10mH
7 om 00 0w 4000 a0 6000 7000 €00 00D Ao0nD lc=1732 =
time {ns)
Sketch based on hand analysis Circuit used for PSpice

verification

E.; P5.9b - 0iCAD PSpice A/D Demo - [P5.9b.dat [active]]
”g Ele Edit Wiew Simuation Trace Flot Tools Window Help [pB =]
As can be seen by 2.0
comparing the two plots,
which probably should
have the same x-axis scale
labels for easier
comparison, the PSpice
simulation results obtained
using a parametric sweep
do in fact agree with our
hand calculations.

1.5

D AEDmERTmER ToeAAEED -~
=
n
il
oy

0.5A

} t
hus 6us 8us 18us

=% I{L1)

Time

|For Help, press F1 [Timi=10.008-08 1002 WENENEEEED B
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14.
-6
SRR EY5 1L Prwer-
1x10
(b)
o==.L1;
-6
I, = 2><43><Z|.E)6 _51A
3.3x10

|(5 pS) — 5.:|-e—l><106><5><10712 /3.3x107° 4112 A

(C) i, PSpice Schematics - [ P5.10c.sch 1 (cunent) | = [8]x]
-@lx]

[§] Ele Edk Disw Mavi Wigw Ootioris Anslss Tools Makers Window Help

Dlela| 8| b2/ || sjejalaja]| sis|Ofs Prm 1 =g
= o = O T

= Anaiysis Solup B
ol Enabled Enabled
% - [ el it | e IJ
E L _LaadEuasme i ~TransientAnabsis——————————— A
o n Save Bias Point.. Pt Step:
R1 o DOF Swesp.. Finl Time: ESE
[ MonteCetloAwioist Caze.. MoPiint Dilage —
= © B Port Dot Step Celing —
TMeg SR I DetaledBias Pt
™ Skip | salulion
|- Fourier Analysis
T Enable Fourier
L1 Center Frequnc:
NN Humber of harmotics:
—* Dutputars.:
3.3uH
Ic=5.105 = I
Cld 12 _-[ﬂ
271,073 [Selup the simulation analyses for the active scheniatic |Emd: Delete
From the PSpice
5.0 ‘ ‘ ‘ ‘ simulation, we see that
the inductor current is
e B SR st llZlAattZSpS, |n
i
R — agreement with the hand
h2 = a.88, 5.188 H
woont G- 5,000, -3.970 ; calculation.
2.8+ -
“]i‘l(n) 1.‘ﬂp5 Z.I‘]ps ﬂ.hps h.hps 5.0ps
£ Tine
For Help, press Fi [Time=5000E-12 100z AnENENEEE S
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15. Assume the source Thévenin resistance is zero, and assume the transient is measured to

5t. Then,
T= L .51 _sL =100x10"° secs
R R

so R must be greater than|6.285 kQ.

-6
R (5)(125.;)10
10

6.285

(If 1t assumed then R > =125.7Q2)
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16. For t <0, we have a current divider with i_(0") = ix(0) =0.5[ 10 (1/ (1 + 1.5)] mA
=2 mA. For t > 0, the resistor through which ix flows is shorted, so that ix(t > 0) = 0.
The remaining 1-kQ resistor and 1-mH inductor network exhibits a decaying current such
that i, (t) = 2" mA where 7= L/R = 1 pS.

(@)

inductor current (ma)

-5 -4 -3 -2 -1 1] 1 2 3 4 5
tirrie (microseconds)

(b) ix (MA)

A

> t(us)
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1 2 2x10°°
17. E(:[v(o)] =10 so V(0)=‘/10—_6=44-72V

(a) t=RC =[100's

(b) V(t) = V(O)eft/Rc = 44_72e—0.01t Vv
Thus, v(20) = = 447260020 = 3662 \/ |

Since izl—ﬂ: 366 nA

R 100x10°
(C) = HW8_17 (active)
R1 — Ci
100Meg u
IC=44.72
-0
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18. Ifi(0) =10 A, v(0) =10 V. v(t) =v(0)e '*® =10e™"* V

(@) Att=1s, v() =10e ™2 56.065 V

(b) Att=2s, v(2) =10e™

(c) Att=5s, v(5)=10e*° 5821 mV

(d) Att=10s, v(10) =10e™° =67.4 mV
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19. Referring to Fig. 8.62, we note that 7= RC =4 s. Thus,

v(t) =v(0)e "¢ =5 % Vv,

(a) v(1 ms) = 5 %% = 4,999 v

(b) v(2 ms) = 5e (%% = 4,998 vV
Therefore i(2 ms) = 4.998 / 1000 5 4.998 mA

(c) V(4 ms) = 5e %% = 4 995 v/

W :%Cv2 =149.9 mJ
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20. (a) v(t) =v(0)e 'F° =1.5eVF¢ Vv
__t:|n ﬂ
RC | 1.5 |
Thus,
. _ -9
Ro_ - 2X1001 _[73850
Cln v(t) 10‘1°In['}
| 1.5 | 1.5
(b) 1.50

ds 1.8ns 2.8ns 3.8ns 4.8ns

Time

We see from the PSpice
simulation that our
predicted voltage at 2 ns
agrees with the

R1 - 1 information used to
7.385 100p calculate R = 7.385 Q.
IC=15
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21.  The film acts as an intensity integrator. Assuming that we may model the intensity as a
simple decaying exponential,

o) = doe™”

where the time constant 7= RryC represents the effect of the Thévenin equivalent
resistance of the equipment as it drains the energy stored in the two capacitors, then the
intensity of the image on the film @ is actually proportional to the integrated exposure:

exposure time “t/z
b =K @, fdt

0

where K is some constant. Solving the integral, we find that
= -K ¢ Z_[e—(exposuretime)/r _ 1]
[o]

The maximum value of this intensity function is —-Kd, 7.

With 150 ms vyielding an image intensity of approximately 14% of the maximum
observed and the knowledge that at 2 s no further increase is seen leads us to estimate
that 1 — e259°19°/ = (14, assuming that we are observing single-exponential decay
behavior and that the response speed of the film is not affecting the measurement. Thus,
we may extract an estimate of the circuit time constant as 7 = 994.5 ms.

This estimate is consistent with the additional observation that at t = 2 s, the image
appears to be saturated.

With two 50-mF capacitors connected in parallel for a total capacitance of 100 mF, we
may estimate the Thévenin equivalent resistance from z =RCas Ry, = 7/ C
1299450, |
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22,

@  v,(0)=8(50]200)x % ~192V

VC (t) — 1926—3000t/24 | 192e—125tv

(b) 0.1=e™"'|t=18.421ms
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23.

() v, =80e® =goe "V, t>0;0.5=e"" |t =69.31u5

1

(b) W o== C802e720,000t — 1
© 2

4

C80% |t =34.665
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24,

t< 01 i, (t) = 0,10 = 5000i, +10* i i, = %mA

(1) = ? —6.667V

t>0:i,=0..v (t)= 6.667¢c 1/ 240"210°
= ﬂe—zst
20x10°

SV (t) =6.667e V.. (1) 103333 ®'mA

—_—
T

01 008 005 004 D02 0 002 004 006 008 O
tis)
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25.

v(0")=20v
i(07)=0.1A

v(1.5ms) _ 20e—1.5><10’3/50><20><10’6 45V
i(1.5ms)=0A

v(3ms) _ 20e—3><10’3/50><20x10’6 -1V
i(3ms)=0A

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers
and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7" Edition Chapter Eight Solutions 10 March 2006

26.

@ i (0) :%x60230 mA,|i, (07) zéxsoz 20 mA

() i (07)430mAli (07) =-30 mA

(€) i (t)=30e7%% =30e"mA, i_(0.3ms)
=30e™° =[6.694mA|=—i
Thus,| iy = —6.694 mA.

X
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27.

@ i (0)=4A i (t)=4e A (0<t<ims)
i, (0.8ms) = 4e™°* =[2.681A

(b)  i.(ms)=4e =2.426A
s )= 2.426e250(t-0.001)
||_(2mS) = 2.4268_0-25 18895 A
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28.

(a) i, =40e°""mA .10 = 40 -t =|27.73us

(b) i (10us) =40 =24.26mA .-.i,
= 24.26e 1R (1510 41 5)
.10 = 24.26e W0RSOT . D 496 = 0.8863
=0.25(1000+ R)10°,1000 + R = 0.8863x 4x10° . R =|2545' Q)
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29.

@  i,(0)=20mA, i,(0) =15mA
- V(t) = 40675 1 456710000t/ -y (0) = 85V

(b)  v(15us)=40e"" +45e™° = 28.94V|

(C) % — 4Oe—50000t +458—100000t. Let e—50000t =X

. 45%%* +40x—-8.5=0

401600 +1530
90
- e — (0 17718,|t = 34.61us

=0.17718,<0
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30. _
t<0:vR:%,¢|L(O): 2R,
1 2 R1+R2
t50:0, (1) = 2R gsort -y~ ZRiRy onm
R, +R, R,*R,

2R.R
SV, (0M)=10=—2"2 - R, |R, =5Q. Also, v, (Ims
(0)=10= 2% R IR, L ams)

=5=10e%" - 0,05R, =0.6931.|R, =13.863Q

it 1 IR 7810
13863 R, 5
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31.
: 24 : —750t
@) i, (0) =E=0'4A i (t)=0.4e"""A t>0

(b) vx=gx24=20VJ<0

VA@):50x04x§:75V

SV (1) =75V, t>0
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32. 3i, _ _
Vi, :TX 20+10i, = 25i,

v, o 950) - i =10e0% =[10e ™A, t>0

n
IL
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_ 64 40 _
4+40||8 48
jo= 56724“8 _ 5673IA
Si= -

S (1) =2.5eA, t>0] i, (-0.1)= 25 A
i,(0.03)=2.285 A, i,(0.1) =1.852 A

i (0) = 5A

0.1 0 o1 02 03 04 05 06 07 08 02
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34.

(@ i (0)=4A..i =4e™™A, 0<t<15ms
i, (15ms) = 4e7° =0.8925" A

(b)  t>15ms: i, =0.8925 e *(0MA
i, (30ms) =0.8925"e™** =|0.6612A
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35.

@  i,(07)=i,(07)=10A, i,(0) =i,(07) = 20A .i(0") ={30A

() =L, /R,=22_>

= = ms =1.6667ms
48 3

€  i,(0)=10A, i,(07)=20A; |i(t)=30e ™A

(d) V = —48i =|-1440e "'V

(e) i1 = 10(_440)I;e—600tdt +10 = 24e—600t E)+10 — 24e—600t _14A

i, = 2.5(~1440) jote-GOOtdt 420

=60 || +20 =|6e " +14A

® w0 =%><o.1><1o2 +%x0.4><202 =5+80=85J

W, () :1><o.1x142 +1><o.4><142 =9.8+39.2=49]
- 2 2

900x 48
—-1200

W, = j:i248dt = jo‘” 900 x 486 2t = (-1) =36J

.49+ 36 =85 checks
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36.

(@  v,(0)=100x—2—x2-3333V; ,(0) =~ 2 _16.667mA
2+2 3 2123

v, (9:59) =33.33V, i,(9:59) =16.667TmA

(b)  V,()=33.33e"*,t>10:00..v,(10: 05) = 33.33e */*°

=15.745"V|i,(10:05) = 15745 [ 936mA
4000

(c) 7=400s,501.27=480s. ve(1.27) = 33.33 % =10.04 V.
Using Ohm’s law, we find that i;(1.27) = v¢(1.27)/ 4000 F 2.51 mA.

(d) PSpice Verification:

tOpen=0

2 {\Y 5 R4
. . vy
F Ao - P
R3 100mF —= ©1

A
£
o
=
]
b
A

Al = 6.880, 16.667n [
A2 = 480597, 2.5645m [N
-480.597, 14.102m jm

We see from the DC analysis of the circuit that our initial value is correct; the Probe
output confirms our hand calculations, especially for part (c).

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers
and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7" Edition Chapter Eight Solutions 10 March 2006

37.

t>0: 225(; ~1.25i, .34 =100(L.25i, —0.8i, +i )+ 25i ..i, = 0.2A

@ i (07)=(1.25-0.8+1)0.250.290 A

()  i(0)=0.2A

() V() =25x0.2e" =5e'V .. i (07) _ 5 0.05A
¢ X 100

(d)  0.8i (0")=0.04A i (0") = 34 0.0ax22 2332 [y 0767A
120 120 120

@ i (04)=—x5e°* -[0.03352A
100
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38.
(a) Ve (O) =10V .. \A (t) = 106710%/(10*50“200) —10p20000t\/

. . 10

(b) i, (=100us)=i,(0") = — =50mA
Al 18)=1,(07) 200
. 1 )50
i,(100us)=10e?| ——— |— =|5.413mA
»(1004:5) (10+4oj25o

(© PSpice Verification.

¥
¥ ( - é 1uF —= ©1
DC=10

49988
100.000u, 5.4558m
dif=-100.000u,  44.532n

From the DC simulation, we see that PSpice verifies our hand calculation of i = 50 mA.
The transient response plotted using Probe indicates that at 100 ps, the current is approximately
5.46 mA, which is within acceptable round-off error compared to the hand calculated value.
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39.

@  i(t)=8(-1) % 1 Z6mA (t<0

(b)  4|2]6 =2kQ, v, (0) = 48V
VC (t) — 48efloet/5><2><103 — 48e—100tV, t >O
Si(t) =126 "mA, t >0
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40.

(a) VCLeft (O) = 20V1 VCRlGHT (O) = 80V
SV = Zoefloet/S,VCR - 808—105t/0,8

Vout — VCR _VCL —_ 8Oe—1,250,000t _ 20e—125,000tV, t>0

(b) v, (0)60M; v, (1us) =80e % —20e *** ={5.270V
v, (55) =806 % —20e *** =-10.551V
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41 (@) t<o: M+V—°+V"_4O=O:.VC=20V(t<0)

10 4
t>0: Applyv, =1V .'.#+0.1—iin =0.25A
R, = 1 40
0.25

-V, (t) = 20671004 {200 200 (> 0)

(b) ve(3 us) =9.447 V

(©) PSpice verification. Note that the switch parameters had to be changed in order to
perform this simulation.

Ropen=10Meg

Rclosed=1n
ttran=1ns
R1 R3 tOpen=0
A AN — LY 2
5 4 ]
E1 1 W
— 1k _L oy C) DC=40
R2 §1D T T
E
GAIN=0.25

A1 = 0.000,
A2 = 100.000u,

dif=-16808.0680u,

R R L I i - h h
T
Bs 58us 188us 158us 280us 258us d8dus

As can be seen from the simulation results, our hand calculations are accurate.
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42, t<0: v (0) =60V

_10°t/(R, +1000) . @ o ~500/(R, +1000)
60
900 12-018232. Re

R, +1000 500

.V, (Ims) = 60e %7744 = 41,67V
t>1ms: v, =41.67e7* %) /(1742.4+ R, [1000)

O<t<1lms: v, =60e

+2=5.4848,R, =[1742.4Q

. 25=41.67e ™0 . 0.5108 = 1000 1742.4+ R, 1000
1742.4+R,[[1000
=1957.6, R, |L000 = 21522 410° =~ . R, =274.2Q
R, 215.2
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43.

(@  With the switch closed, define a nodal voltage V; at the top of the 5-kQ resistor.
Then,
0 = (V1-100)/2+ (V1-Vc)/3+Vi/5 1]

0 = Vo/10+ (Vo= Vi)/ 3+ (Vc-100)  [2]

Solving, we find that V¢ = v¢(07) =99.76 V.

b) t>0: R, = 10”6.5 = 3.939kQ2 .. v, =87.59¢711/%% _[87 592y (> 0)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers
and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7" Edition Chapter Eight Solutions 10 March 2006

44.  t<O0:
12 = 4i, + 20i, .. i, = 0.5mA .. v_(0) = 6i, + 20i, = 26i,
v, (0) =13V

t>0: Apply <~1mA . 1+0.6i, =i, .. i, = 2.6mA; v, =30i, =75V .. R, = 75kQ

3 -9 6
VC (t) — 13e—t/75><10 x2x10 — 13e—10 t/150 — 13e—6667t

. \Y
Sy (t) ==—2—=(0.4333e**"'mA (t>0
(0= (t>0)
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45.

(@  v(0) =100V v,(0) =0, v,(0) =0]

()  v,(07) =100V v,(07) =0, v, (0*) =[100V

_ 20x5
20+5

(©) x107°x 210" =[8x107%s

(d)  vg(t)=100e >V, t>0

© it)= ;R—ito)“ _[e 25 mA

6 3
(f) v(t)—gj ~5x10” 39125tdt+100_1500 g 12

=|-20e """ + 80V

1000

2(t)=— j 529t + 0 = -80e 2% |' +0 =|-80e1** + 80V

@  Wy(o)= —><20><10 ®x80° = 64mJ, Wz(oo) L 5x10° %807 J16mi

w,, (0) = ><20><10 ®%100% =[100mJ, w,(0) =0

W, = | 25x10%e® x2x104dt_§x2x104( 1)10°° ={20mJ
R Jo 25

| 64+16+20 =100 checks
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46.

(@)  t<0: i, =1ImA -+ v, (0)=10V, {i (0)=—1mA ..v,(0) =[10V,t<0

(b) t>0: v, (t) — 10e—t/10“xzox10*9 _ loe—soomv
i (t)=—10"°e—10""" = —10 %A - v (1) =e 'V, t>0
SV =V, =V () =10 —e 'V >0
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47.

@  t<0: v, =20V ..v, =20V, i, = 20mA -|i(t) = 20mA, t<0

(b) t>0: v, =0..i (t) = 0.02¢ 10000 A - v, (t) = 9024010 _ o 5000ty /
Li,(t) = 2x10° x 20(~5000) & = —2¢ *mA
L) =i (t)+i.(t)= 0.02e71000t _ g 902650t A :|206—10000t _ 2p 000t A
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48. 1

. Vv

i (0)=—=———=1.1A
L0 R 0.909

t>0: i (t) = e*™ A

i, (0.15)=1.1e % = 0.8685 A

10 March 2006

| since the current has dropped to less than 1 A prior to t =100 ms, the fuse does not blovq.

PSpice verification: Note that the switch properties were changed.

=8 t2pen=0
1 ?
AL
T ttran=1u
Fclosed=1n
Fopen=10Meg 29 §2.38
W1
DE=T -
B3 §3m

12 60mA

0.080m, 8£68.606M
g.080
868.600n

We see from the simulation result that the current through the fuse (R3) is 869 mA, in

agreement with our hand calculation.
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49. v(t) =6u(t)—6u(t—2)+3u(t—4) V
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50. | i(t)=2u(t)+2u(t—2)—8u(t—3)+ 6u(t—4) A
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51.  (a)f(-1)=6+6-339]
(b)f(0)=6+6-39)]
(©)f(0)=6+6-39]
(d)f(15)=0+6-33]

() f(3)=0+6-33]
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52.  (a)g(-1)=0-6+3=-3
(b)9(0)=9-6+356]
(©)g(5)=9-6+3=[6 |
(d) 9(11) =9-6+3 =6 |
(€)9(30)=9-6+36]
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53.  (a) v,=300u(t-1)V, vy =-120u(t+1)V; i, =3u(-t)A

. 100
t=-15:1,(-15) =3x—=1A
(719) 300 j
t=0.5: il(—o.5)=i20+1=o.6A;
300
t=0.5: ilz—@:—OAA;t:l.S: ilzﬂ—@—O.GA

300 300 300 '
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54.

v, =600tu (t+1)v, v, =600(t+Du(t) V, i, =6(t-1)u(t-1)A

@  t=-15:i =0;t=-05:i =600(-0.5)/300 =|~1A
600(0.5) _ 600(L.5) _

t=05:1 = 4A
300 300
t=15:h=GOmlS)+6mx25)+1x6x&5=3+5+1=9A
300 300 3
(b)
&
5,
4+
3_
2
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565,
(@  2u(-D)-3u(®)+4ud) =-3+4-1]

() [B-u@]2+u@®)]L-u(-D)]
=4x3x1=512

()  4e“Ou(l)=4et=1.4715"
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56.
(@) t<0: i _100 6410522 J6a
50 50
t>0: i, = 0+@+0: 2A
30

(b) t <0: The voltage source is shorting out the 30-Q resistor, so
t>0: ix=60/30=2A.
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57. t=-05: 50|25=16.667, i, = 29 _, 1750 _3-125n
66.67 1/50+1/25+1/50 ~ 2
200
t=05: i,=——=3A
“ 66.67 )
t=15: i —3- 200 1 h5A
66.67 3
t=25:  i,=20 0 LoA
50
t=35: ixz—@:—ZA
50
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58.  |v(t) =4-16u(t) +20u(t —4) — 6u(t — 6)V

v (v)
8

v

t(s)

-12
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59. (@ 7u(@®)-02u(t)+8(t-2)+3
v(1l) =9.8 volts

(b) | Resistor of value 2Q2
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60.

i(t):\% et u) A and vq(t)=i(t)R

R
L

@ Ve =V, [1-e b |u(t) V =|1.2(1-e"*")u(t) V

(b) Vo (2x10°°) = 1.2(1-€?) V=1.038 V

(©)

== HW8_60 (active)
1.20

a.8u

a.ea, 3.589m

-

a.40

a D>
P R T R

oy _——— b bl e
s 1.8ms 2.8ms 3.0ms 4. 8ms

THU(R1:1)~ U(R1:2)
Time

TCLOSE =0 R1

1 2

u1 3Kk

W1 1

DC=1.2 C)
AC = - L1
TRAN = 3

J—
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61.

@ |i (t)=(2-2e")ut) mA

(b) Vv (t)=Li' =15x107°x107°(-2)
(2000006229 y(t) =|6e 2 u(t)V
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62.

@ i (t)=2+2(1-e?*)u(t)A ..i(-0.5)={2A

() i (05)=2+2(1-e"%)=3.427A

© i (1.5)=2+2(1-e7")=3.953A
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63.

@ i (t) = (4—4e0%)y(t)
i, (1) = 40— e ™ u()A

te) w0

() | v,(t) = (10080 ™ )u(t)V

Wi ()

3 25 4 45 8

0 08 1 15 2 25
L) 10
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64. @ ow

(b) The total inductance is 30 || 10 = 7.5 mH. The Thévenin equivalent resistance is

12 || 11 =5.739 kQ. Thus, the circuit time constant is L/R = 1.307 us. The final value of
the total current flowing into the parallel inductor combination is 50/12 mA = 4.167 mA.
This will be divided between the two inductors, so that i(«) = (4.167)(30)/ (30 + 10) =
3.125 mA.

We may therefore write i(t) = 3.125[1 — e-°V137] A, Solving at t = 3 ps,
we find|2.810 A.

(c) PSpice verification

R1 R3
AW ’ ’
12k 10m
L1 L2
R2
W1 @TF=1ns 11k 4 30mH 10mH
TR=1ns
TD=0
V1=0 PW=1
V2=501 PER=0.5 T J ‘

|

4. 8nA

2.0mA

Time

We see from the Probe output that our hand calculations are correct by verifying using
the cursor tool at t = 3 pus.
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-6 -6
65. T= L/RTH= 30x10 230X10 =9><:|.076 S
50110  3.333

(@) i) =i, (1) +i,(t)
i —ne ™ and i _9
5

n
10°

Thus, i(t) :%+ Ae ©

Att=0,i(0) =i(0") = 45/5. Thus, A=-4.5/5=0.9
SO

6
10°,

i(t):%—O.Qe_g A

15

(b) Att=1.5ps,i= i(t):%—O.Qeg =|1.038 A

(©)

== HWB_65 (active)
1.28

2.8us 2.5us 3.8us

V2 R1

)

() Wy

» D=0 1

DC=45 <+> TF=1n R2 L1
AC = = PW =10 10 30u
TRAN = PER =1

V1=0

TR=1n o

V2=45

=0
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66. = L/Ryg= 2210 D507 1356
10]|5 3.333
(@) Vg () =V, +v,
v¢(t) = 0 since inductor acts as a short circuit.
Thus, vy (t) =v, = Ae™™"",

Att=0,i =12/10=1.2 A =i (0) = iL(0").

Writing KVL for this instant in time, 16 — 10(1.2 + Vg/5) = Vg
Therefore v, (07) =% V' and hence v, (t) :%e—”mt \V;

4 ~74.07(2:107)

(b) Att=2ms, v,(2 ms)zge V =[1.15V

(©) "
(5
Rt

10
TD=0
DC=12 C) TE=1n
AC = - PW =12 L1
TRAN = PER =1 45m R2
V1i=0 5
TR=1n
v2=4 2

R1

2

= HWB_66 (active)

2._@@6m, 1.158 :
da.08, 9.80 |-|...1
if= 2._086m, 1.158

{TiU{R2:1)- U(R2:2)
Time
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-3
R, 100

v,(t) =v,; +Vv,, where v, =6V since the inductor acts as a short circuit

10°%t
Therefore v, (t) =6+ Ae 0 .

Att=0,i.=0=i.(0"). Thus, v;(0") = 0 since no current flows through the resistor.

10°t

Hence v,(t)=6|1-e % | V.

27

Att=27ps, v,(27x10°)=6(1-e ® | =25V
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68.

@ [i (t)=10A t<0

(b) i (t)=8+2e°°
i, (1) =8+2e7"A, t>0
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69.

@ |i (t)=2A, t>0

(b) i (t)=5-e*""
Ji, (1) =5-3e*" A, t>0
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70.

@) 0,0

(b) |0, 200V
(c) |1A, 100V

-3
@ % :%ms ~i, =1(1—e ™y u()A, i, (0.2ms) 4 0.5507A

v, (t) = (100 +100e ) u(t)V, v,(0.2ms) =144.93V/|
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71 %+ Pi=Q i=e"™[Qe™dt+Ae ™, R =125, L =5H

L%LPi:LQ S LP=5P=R=125".P=25

(a) Q(t) = % —2 e J’Otzezstdt £ At — g2t X%ezst L+Ae—25t

10 2 2

cie2ipe 0= -2 . Ac0-i=2Jo0sA
25 125 25 25

(b) Q@)= 10u®) _,, (t)..i= e’ZS‘ItZeZS‘dt FAST = 2 e
5 0 25
i(0)=0.. A= —235 i) =0.08(L—e®)A, t>0
© o) =21%O o ou) fi=016-008e A, >0
@ Q= Mgc’ssm = 2u(t) cos50t - = e jtz Cos50t x e%'dt + Ae

25t t
Li=2e {wfﬁ (250350t + 50sin 50t)} + A
+

0

25t
_oe | £ (25c0s50t + 50sin 50t) — Lo o5|+Ae™
3125 3125

= icos 50t + isin 50t 2 et 4 A

125 125 125
i(0)=0-.0=—2——2 + A~ A=0
125 125

-Ji(t) =0.016cos50t +0.032sin 50t — 0.016e A, t>0 |
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72,

. 100 100
a I (t)=—=—-—=|-15A,t<0
@ ="

() i, (07) =i (07)=[-15A

© Uoo):%:SA

d) i (t)=5-20e“"A, t>0
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. 18 1 o
3. (0 )=mx§=o.m.~.|L(o )=0.1A

i, (0)=0.1+0.1=0.2A

(1) =0.2-0.16 A, t>0
(1) = 0.1u(=t) + (0.2 0.6 ™) u(t)A
or,i_ (t) =0.1+(0.1-0.1e ™) u(t)A
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4.
@ ix(o-):%x§=3A,iL<o->=

b) 0,0 =i (0")=[4A]

(C) ix (OO) = i|_ (OO) =3A
S () =3+1e7° =34+ e7"A i, (0.04)
=3+e%% 43.449A
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75.

@ i0)=i0)-3A

®) 0230 30,5, 15 Hua
30+7.5 40 10+15
] 30 30 . _6t/05
c i =—x—=3A..1(t)=3-0.6e
(c) , () 7.5X4O (0

=3-0.6e™ i (0.04) =3-0.6e"* =[2.629A
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76. OC:v, =0, v, =4u(t)V

v, —0.2v, v

SC:0.1u(t) = +6—6,12u(t):0.6vX +2V,

v _12u(t) i Vv 12u(t) _@
X 26 ™ 60 2.6x60 13

"R =4x13= coo_Au(t) o souoe =@ 260t
Ry, =4x13=52Q i, = = (l1-e Ju(t) 13 (1-e)u(t)

.V, =60i, ={4.615"(1-e**)u(t)V

X
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77,

(a) OC: —100+30i, +20i, =0, i, = 2A
sV, =80u(t)V

20x10

SC:i, =10A, {i_ =10+ =20A

“ R, =4Q i (t) =[20@-e ) u())A

(b) v, =0.1x20x40e *u(t) =80e*"u(t)
_ —40t
St = 100u(t) 1EéOe u(t) _

10—-8e “u(t)A
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78.  r=R.,C=(5(2)=10s
Thus, v, (t) = Ae "%,

v=v, +v, = Ae*" +Be™.

Att =0, v(0) = 0since no source exists priortot =0. Thus, A+B=0 [1].
As t - oo, v(0) — 0. We need another equation.

4.7 4.7

dv 4.7 20 or —0.1A—SB=? [2]

] dv
i(0)=C—=—(2) therefore —
© dt 5 ( ) d

t=0"

Solving our two equations, we find that A =-B = 0.192.

Thus| v(t) =0.192(e " —e™*)
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79. Begin by transforming the circuit such that it contains a 9.4 cos 4t u(t) V voltage source
in series with a 5 Q resistor, in series with the 2 F capacitor.

Then we find that
9.4cos4t =5i+v

-E@ S+

or % +0.1v=0.94cos4t, so that v(t) = e‘°'1‘_|'(0,94 oS 4t)e0.1tdt L Ae 0t

Performing the integration, we find that

10cos 4t + 400sin 4t } L Aet

v(t) =0.94
1+1600

Att=0,v=0,sothat A= —%(10)
1601

and|v(t) = %[—we“ +10cos 4t +400sin 4t]

1601
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80. @ VC(O_)=g><3=2V=Vc(O+)

Vc(oo):2—6(2||7)g

=—6V

Chapter Eight Solutions

2V (1) = =6+ 8702 = _61.8e00Y 50

V,(-2us)=V_(07) =2V, v_(2us) =—6+8e" =

(b) PSpice verification.

-3.057V

10 March 2006

I

@

[2=Bm&A

TD=0
TR=1ns
TF=1ns
Pyy=1g
FPER=0.55

R1 R2
VY WMV
2k 1K

n

1

e 1)

| PBE2 [active]

As can be seen from the plot above, the PSpice simulation results confirm our hand
calculations of v¢(t <0) =2 V and v¢(t = 2 ps) =-3.06 V
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8l. r=RC=2x107°(50)=0.1

Vn — Aeflot

Ve (t) =Vg, +Vg =A™ +4.5 sincev, (o)=45V
Since v, (07)=v.(0")=0

Vo (t) =—4.5e ™" +45=45(1-¢")
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82. 5 (0)= % —10mA, i, (0) = 2.5mA, v, (0) = 0
1,(0) = - x = 1.4286mA i, = 10mA, t<0 |
175" 4

i, = 2.5+ (1.4286 - 2.5)e V754 _2 5_1 0714e 4 mA, t>0
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83, i,(0)=20—25mA, i, () =10mA

0
4
v,(0)=7.5V ~i,(0) :%+$=17.5mA

i, =10+7.5e°"% =10+ 7.5¢'mA, t>0, i, = 2.6mA t<0
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84.

@ in(1590]
b) i (15)F0]
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85. 3
@ v, =—12u(-t)+ 24u(t)V o
7
t<0: v, (07)=-8V..v(0")=-8V i
s
t>0: Vc(00)=§><24:16v g
Rc=@><1o~°’><3><10-7=2><10—3
30
Vc (t) = 16 - 24e_5°°tV, t>0 '-.w—num 0008 0006 0.004 000 ‘(['l) DO 00 0006 008 001
v, (t) = —8u(~t) + (16 — 24e ") u(t) '
() i, (07) :_3—102=—0.4mA, i 0)=2248 _3omal |
im(oo)zﬁzo.smA
30 .
i (t) =—0.4u(t) + (0.8 + 2.4e ) u(t)mA ! \
=

05 " n " . " " " . .
-0.01 -0.008 -0.006 -0.004 0002 0O 0002 0004 0006 0008 001
tig)
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86. Ve 37V, =0.v,=1v, =3-1=2V
100 100 100
R
SC:v, =3V i, = 1 _006A
100 100

~ Ry, =V, /i, =2/0.06=233.33Q
V.=V (1_e*t/RmC) — 2(1_e—106t/33_33)
_ 2(1_e730,000t)vl >0
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87.
v,(07) =10V =v,(0), i, (07) =0
i (01)=0..i (t)=0forallt

0<t<0.5s: v.=10(1-e > )V
v.(0.4) =6.321V/| v,(0.5) = 7.135V

t>05; 29710 _54 v, (0) _10+8+2=2
12 6 6 3

8
v, 48=20

VC (t) — 5_30 + (7135 _ %j e—0.375><20(t—0.5) =16.667 — 9.532e—7.5(t—0.5)v

~.V,(0.8) =16.667 —9.532¢ "**¥ 215,662V
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(@)

(b)

(©
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For t <0, there are no active sources, and so vc = 0.

For 0 <t <1, only the 40-V source is active. Ry, =5k || 20 k = 4 kQ and hence

7=Run C = 0.4 s. The “final” value (assuming no other source is ever added) is found
by voltage division to be vc(0) = 40(20)/(20 +5) =32 V. Thus, we may write

ve(t) = 32+[0-32] e v = 3201-e?Y) V|

For t > 1, we now have two sources operating, although the circuit time constant remains
unchanged. We define a new time axis temporarily: t'= t—1. Thenvc(t' =0%) =

ve(t =1) =29.37 V. This is the voltage across the capacitor when the second source
kicks on. The new final voltage is found to be vc() = 40(20)/ (20 + 5) +

100(5)/ (20 +5) =52 V.

Thus, ve(t) = 52 + [29.37 = 52] % =|52 - 22.63 25D v/,

60

Fort<0,
Ve =0.

R1 P pr— e |
10k : _
R2 R3 : ) i
W : i
5 20k 1
first Ysecond D=1
%;?”5 JL %220 0mE = C1 \7’2:% ~, -T”Ezmg
il 3 PW=2 . .
s | ps | We see from the simulation results that
our hand calculations and sketch are

= indeed correct.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers
and educators for course preparation. If you are a student using this Manual, you are using it without permission.



Engineering Circuit Analysis, 7" Edition Chapter Eight Solutions 10 March 2006

89.

(@  t<0: 8(10+20) =240V =|v, () =80V, t<0

(b)  t<0: v (t)=8x30=240V .. v (0) = 240V
t=(0): vc(oo)=%><8(10+10)=80V

SV (1) =80 +160e1110° _ g 1-160e-100000ty/
Vg (t) =[80+160e 2V, t>0

(©) t<0: vy (t) 580V

@\ (07) =80V, v, (o) = 240V v, (t) = 240160 1" = 2401606 ¥V

20 10+89.10-32+16=48V
30420 50

Vg (0) =80V -, Vi (1) =[80—32e 2V, t>0

Vo (07) =80V, v (07) =8
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90. t<0:v, =0
0<t<1m$VC:9a_€MW®um)

- 8=9 (l— e—lOOO/(R1+1OO)) i _ g~1000/(R, +100)

9

L2000 5197, R, d355.10

R, +100
t> Ims: v, =8e /R vt _107 - 1-8e7 (R, +100)
L2090 __5 079, R, = 480.9-100 {38090

R, +100
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91. v, =200e*""V
v, . =100(1-e ")V
vV, =V, —V,.=0
. 200e 2" =100 —-100e 1%
-.100e 7% 1 200(e*%*")? —100 = 0,

o000 _ ~100£ ,/10,000+ 80,000
400
-e %% =05 t=0.6931ms

=-0.25+0.75
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92.

P(t <0)=I’R =0.001> x10® = 0.001 W

Viw=1.R= 7x107°%900 =6.3V
2
Pt = V— =0.08 W
R
Vi = 7x107° x9000Q2//1000Q2 = 3.3V
2
Phinal = V— =0.02W
R
Power (W) A
8
6
\\
4 h
2 N
0 7

Time (ms)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers
and educators for course preparation. If you are a student using this Manual, you are using it without permission.



93.

(@)
(b)

(©)
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For t < 0, the voltage across all three capacitors is simply 9 (4.7)/ 5.7 =7.421 V. The
circuit time constant is 7= RC = 4700 (0.5455x10°) = 2.564 ms.

When the circuit was first constructed, we assume no energy was stored in any of the
capacitors, and hence the voltage across each was zero. When the switch was closed, the
capacitors began to charge according to ¥ Cv2. The capacitors charge with the same
current flowing through each, so that by KCL we may write

e, ¢ % gt

dt dt dt

With no initial energy stored, integration yields the relationship Civ; = Covp = Cavs
throughout the charging (i.e. until the switch is eventually opened). Thus, just prior to
the switch being thrown at what we now call t = 0, the total voltage across the capacitor
string is 7.421 V, and the individual voltages may be found by solving:

Vi + Vs +vy; =7.421
10° v, — 2x10° v, =0
2x10° v, —3x10° v3 =0

sothatv, =2.024 V.

With the initial voltage across the 2-uF capacitor now known, we may write

V() = 2.024 g 2560107y

v(t = 5.45 ms) ={241.6 mV.

10°3
The voltage across the entire capacitor string can be written as 7.421 e/ 25107 v/,

Thus, the voltage across the 4.7-kQ resistor at t = 1.7 ms = 3.824 V and the dissipated

power is thereforg 3.111 mW.

Energy stored at t = 0 is ¥ Cv? = 0.5(0.5455x10°)(7.421)% =[15.02 pJ.
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94.  voltage follower .. v (t) = v, (t)
Vv, (t) =1.25u(t)V =v,(t)
v, (t) =1.25e 7107050y (t)
=(1.25e ™ y(t)V
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95.  This is a voltage follower ... v, (t) =v,(t), where v,(t) is defined at the non-inverting input.
The time constant of the RC input circuit is 0.008(1000+250) = 10 s.

Considering initial conditions: vc(0) =0 .. v¢(0%) = 0.
Applying KVL att = 0%,
5 = vy50/250 + v»/1000.

Since att= 0+ Vos0 = Vo, WE find that V2(0+) =1V.
As t — o0, v,— 0, SO we may write,

Vo(t) = Va(t) =[1.0e"° u(t) V.

PSpice verification:

cl1 O U1
7
4 {1 ] 81y 5 vout
= @]
12 5_mA 8mE Vi e 5
11=0 - . St
TD=0 @ 250 1 S v )
TR=1ns T l ‘ N Y A R1
TF=1
Pnis uAT41 50

PER=0.55i
V1

In plotting both the hand-derived result and the PSpice simulation result, we see that the
ideal op amp approximation holds very well for this particular circuit. Although the 741
contains internal capacitors, it does not introduce any shorter time constants than that of
the input circuit.
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96. For t < 0, the current source is an open circuit and so i; =40/ 50 = 0.8 A.
The current through the 5-Q resistor is [40 — 10(0.8)]/ 5 = 7.2 A, so the inductor current
isequal to| - 7.2 A

PSpice Simulation

=]
AN
5
L1
200mH
[2=20 @ GAIN=10
TD=0 B = H1
TR=1ns
TF=1ns a5 L &
PVY=15 0
PER=0.55 v
] —— ==

A1 56.8806m, 7.8141 EEpE.
A2 @.000, -7.2000 § |
dif= G5@.0886m, 15.814

From the PSpice simulation, we see that our t < 0 calculation is indeed correct, and find
that the inductor current at t = 50 ms is|7.82 A.
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. @ '\ _o (virtual gnd) .'.i:%ezo'oomu(t)A

v _107J‘tie720,000tdt — _(), De20.000t ‘t
e T g0t o °
SV (1) =0.20-e)u(t)

SV (1) =10°%i(t) = 0.4 ™u(t)V

AV (1) = =V, () = Vg (1) = (0.2 + 0.2 2% — 0,462 ) 1)

And we may write[vo(t) = -0.2[1 + 2 Yu(t) V.

(b) PSpice verification:

i wout
S

X R = < I
TD2=1us 2| W 1
4

TC2=50us
TD1=1ns 10k
Te1=1ns LAz

We can see from the simulation result that our ideal op amp approximation is not
providing a great deal of accuracy in modeling the transient response of an op amp in this

particular circuit; the output was predicted to be negative for t > 0.
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98.  One possible solution of many: implement a capacitor to retain charge; assuming the
light is left on long enough to fully charge the capacitor, the stored charge will run the
lightbulb after the wall switch is turned off. Taking a 40-W light bulb connected to 115
V, we estimate the resistance of the light bulb (which changes with its temperature) as
330.6 Q. We define “on” for the light bulb somewhat arbitrarily as 50% intensity, taking
intensity as proportional to the dissipated power. Thus, we need at least 20 W (246 mA
or 81.33 V) to the light bulb for 5 seconds after the light switch is turned off.

L 2

light_bulb

116Vac () L
e 1Meg

The circuit above contains a 1-MQ resistor in parallel with the capacitor to allow current
to flow through the light bulb when the light switch is on. In order to determine the
required capacitor size, we first recognise that it will see a Thevenin equivalent resistance
of 1 MQ || 330.6 Q = 330.5 Q. We want vc(t = 5s) = 81.33 = 115”7, so we need a
circuit time constant of t = 14.43 s and a capacitor value of 7 Ry, 5 43.67 mF.
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99.  Assume at least 1 pA required otherwise alarm triggers.

Add capacitor C.

v, (1) =1 volt
v, (0) = &.1.5 =1.496 volts
1002.37
1
. We have 1=1.496e ¢ or C= 6; =(2.48uF
10°/n(L.496)
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100. (a) Note that negative times are not permitted in PSpice. The only way to model this
situation is to shift the time axis by a fixed amount, e.g., t'=t+1.

= HWB8_100a (active)

R1 -au

Vi=0 1
va=-120
TD=0

TR=1n
TF=1n
PW =10
PER =1

O
:

o
o
2

t
-1.8s 8s 1.85 2.8s
u(U1z+)
Time
| »

(b) Negative times are not permitted in PSpice. The only way to model this situation is to
shift the time axis by a fixed amount, e.g., t'=t+2.

3.8A+
R1
=3 no K
12=0
D=2 L
TR=1n 1
TF=1n
PW=0
PER=0
an T T i
R Bs 8.5s 1.8s 1.55 2.8s 2.5s 3.8s
— I(I1:+)
- 0 Time
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101. (a) z=L/R=0.1s. Thisis much less than either the period or pulsewidth

(b)

R1

1 h
Vi=0 V1 L1
v2=3 100m
TD=0 @
TR=1m
TF = 1m
PW =2 2
PER=5

)

t= HWB_101 (active)

BB
e

8s
O U{R1:1)- U(R1:2)

5s

Time
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102. (a) z=L/R=1s. Thisis much less than either the period or pulsewidth.

|
Ll i e sl sty

wmm
N

(b)

== HWB_102 (active) FEX

o I{L1)
Time
R1
ANy
1
V1=0 V1 1
V2=5
TD=0 @ L1
TR =1m 1
TF = 1m
PW=5
PER=5.5
2
-0
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103.

@ o.1fC

k) R<

(© \ore

Chapter Eight Solutions

10 March 2006

4\%%)

1O—-
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-6
s, oL S0X0°
R, 147x10
The transient response will therefore have the form Ae 2244t
a -
@ ¥ L&
L
Jo — I~ 11
R P
4 %o lok 300
: - '? 1 = 9 ,.a‘
L\ e ::%77 o = 3,2 nA
(b)
22 .
-~ |
(c)
A :
Bt — =
24k -~ 4=
e .I',_ _~ a—‘.-..‘-._m.._'.'-:f)
o 200 250 400
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