Chapter 8, Solution 5.
(a) For t < 0, 4u(t) = 0 so that the circuit is not active (all initial conditions = 0).
iL(0-) = 0 and v¢(0-) = 0.

For t = 0+, 4u(t) = 4. Consider the circuit below.

A i IH
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Since the 4-ohm resistor is in parallel with the capacitor,

VW

i(0+) = ve(0H)/4 = 0/4 = 0 A

Also, since the 6-ohm resistor is in series with the inductor,
v(0+) = 61 (0+) = OV.

(b)  di(0+)/dt = d(vr(0+)/R)/dt = (I/R)dvr(0+)/dt = (1/R)dvc(0+)/dt

= (1/4)4/0.25 A/s = 4 A/s

v = 6ip or dv/dt = 6dir/dt and dv(0+)/dt = 6dip(0+)/dt = 6vL(0+)/L = 0
Therefore dv(0+)/dt = 0 V/s
(c) As t approaches infinity, the circuit is in steady-state.
i(0) = 6(4)/10 = 24 A

V(o) = 6(4-2.4) = 9.6V



Chapter 8, Solution 20.
For t < 0, the equivalent circuit is as shown below.

20

v(0) = =30V and i(0) = 30/2 = 15 A
For t > 0, we have a series RLC circuit.
a = R/2L) = 2/(2x0.5) = 2

®o = 1/4/LC =1/,/0.5x1/4 = 242

Since a is less than ®,, we have an under-damped response.

0, =0 0’ =8—4=2
i(t) = (Acos(2t) + Bsin(2t))e™
i(0)=15=A
di/dt = —2(15cos(2t) + Bsin(2t))e™ + (—2x15sin(2t) + 2Bcos(2t))e™
di(0)/dt = 30+ 2B = —(1/L)[Ri(0) + vc(0)] = —2[30-30] = 0

Thus, B = 15 and i(t) = (15cos(2t) + 15sin(2t))e ™ A
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For t = 0, the source voltages are equal to zero thus, the initial conditions are v(0) = 0 and
1.(0) =0.
30Q 0.|5|F 0.25H
MAN—]
tv

60u(t)V § 20 Q2 30u(t)V

For t > 0, the circuit is shown above.

R = 20|30 = 12 ohms

wo=1/JLC = 1/{/(1/2)(1/4) = 8
o = R/2L) = (12)/(0.5) = 24

Since o > ®,, we have an overdamped response.
S12 = —a .o’ —o = —47.83, -0.167

Thus, v(t) = Vi +[Ae ¥ + Be %197, where
V. = [60/(30+20)]20-30 = —6 volts.

v(0)=0=-6+A+Bor6=A+B (1)
i(0) = Cdv(0)/dt = 0
But, dv(0)/dt = —47.83A—0.167B = 0 or
B = 286.4A )

From (1) and (2), A +(-286.4)A =6 or A = 6/(-285.4) =—0.02102 and
B = -286.4x(~0.02102) = 6.02

v(t) = [-6 + (-0.021e™*7*3+6.02¢"197Y] volts.
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For t>0, we have a source-free series RLC circuit.

OL=% —> R =20l =2x8x0.5 =8Q

g =\0,2—a’ =30 ——> o, =V900 +64=+/964

1 1 1
o, = > C=——=
o, L 964x0.5

=2.075 mF




Chapter 8, Solution 49.
For t = 0, 1(0) = 3+12/4 = 6 and v(0) = 0.

For t> 0, we have a parallel RLC circuit with a step input.
a = 1/(2RC) = (1)/(2x5x0.05) = 2
®o = 1/4/LC = 1/4/5x0.05 = 2
Since o0 = ®,, we have a critically damped response.

S12 = -2

Thus, i(t) = I, +[(A+Bte?], I =3

i(0)=6=3+Aor A=3

v = Ldi/dt or v/L = di/dt = [Be™]+ [-2(A + Bt)e™]
v(0)/L =0 = di(0)/dt = B—2x3 or B = 6

Thus, i(t) = {3+[3+6t)e™]} A
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(a) Let i =inductor current, v = capacitor voltage i(0) =0, v(0) =4

dv(0)  [W(0)+Ri(0)]  (4+0)
dt RC 05

—8V/s

(b) For ¢t > 0, the circuit is a source-free RLC parallel circuit.

1 1 1 1

o = = = 1’ w =
2RC  2x0.5x1 ° JLC 0.25x1
o, =o', —a’ =J4-1=1.732

=2

Thus,
v(t) =e " (A4, cos1.732t + A, sin1.732¢)
v(0)=4=A,
% =—e ' A,¢c081.732t —1.732¢ " 4, sin1.732¢t —e™" A, sin1.732¢ +1.732¢™" A, cos1.732¢
!
DO _ g4 17324, — A, =-2309
dt

v(t) = e~ (4cos1.732¢ — 2.309sin1.732¢) V
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At t = 0-, 4u(t) = 0 sothat 1;(0) = 0 = 1,(0) (1)
Applying nodal analysis,

4 = 0.5d1;/dt +1; + 1,
(2

Also, i, = [1di;/dt — 1dio/dt]/3 or 3i, = di;/dt — di,/dt (3)
Taking the derivative of (2), 0 = d*i,/dt* + 2di,/dt + 2di,/dt 4)
From (2) and (3),  di,/dt = di;/dt—3i, = di;/dt—3(4 —i; —0.5di,/dt)
= di,/dt — 12 + 3i; + 1.5di,/dt
Substituting this into (4),
d?i,/dt* + 7di,/dt + 6i; = 24 which gives s>+ 7s+6 = 0 = (s+ 1)(s + 6)
Thus, ii(t) = I+ [Ae'+Be®], 61 = 24 or I, = 4
i1(t) = 4+ [Ae'+Be®] andi,(0) = 4 +[A + B] (5)
i, = 4—1;—0.5di,/dt =1,(t) = 4+ -4-[Ac" +Be®] - [-Ac™ - 6Be™]
= [-0.5A¢™ + 2Be™] and i,(0) = 0 = -0.5A + 2B (6)
From (5) and (6), A =-32and B = -0.8
i1(t) = {4+[-3.2¢"-0.8¢} A

i>(t) = [1.6e" - 1.6e° A



Chapter 8, Solution 63.

vS—O:Cd(O—vo) S ﬁ__cdvO
R at R dt
_,di . dvo_LdQI_ v,
° dt at dt*  RC
Thus,
d’i(ty v,
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We apply nodal analysis to the circuit as shown below.

\&)
10pE]
60 kQ 60 kQ =
Vi v) \__
+ +
1L 20pF Vo
Vg h
Atnode 1,
Vs -V, +lOpFi(v] ~v,)
60k 60k dt
But v, =v,
_7 d(Vl — Vo)
Vg =2V =V, +6x10 " ——— (1)
dt
At node 2,
Y=V _o0pF v, —0), v, =v
60/( p CH( 2 )' 2 o
— +1.2x10‘6d§—t0 )

Substituting (2) into (1) gives

2
vy =2| v, +1.2x107° dvo -V, +6x1077 1.2x10_6u
dt dt2

Vs = Vo + 2.4x1075(dv,/dt) + 7.2x1073(d?v,/dtD).
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(a)
(b)

(c)

(d)

amplitude = 15 A

o = 251t = 78.54 rad/s

[0
f =— = 12.5Hz
27

Iy = 15£25° A

I(2 ms) = 15c0s((5007)(2x107) +25°)

= 15 cos(m +25°) = 15 cos(205°)
= -13.595 A



Chapter 9, Solution 8.

60£45° . 60£45° .

— 2 = — ;2

7.5-j10 12.5/-53.13°

4.8298.13° +j2 = —0.6788+)4.752+j2

= —0.6788 + j6.752

(a)

(b)  (6-j8)(4+j2) =24-i32+j12+16 = 40-j20 = 44.72/-26.57"

32£-20° 20 32/-20° . 20
(6-i8)4+1i2) -10+j24  44.72/-26.57° 26/112.62°

=0.7156£6.57"+0.7692£-112.62° = 0.7109+j0.08188-0.2958—j0.71

= 0.4151-j0.6281

(c) 20+ (162-50°)(13.267.38°) = 20+208./17.38° = 20 + 198.5+i62.13

= 218.5+j62.13
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L=240mH —— joL=j2x240x10" = j0.48
|
joC  j2x5x107
Z =80+ j0.48— j100 =80— j99.52 =
V. 10<0°
"~ Z 80-,99.52

=—j100

C=5mF >

=0.0783 < 51.206°

i(t) = 78.3cos(2t+51.21°) mA
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Y = (1/4) + (1/(G8)) + (1/(-10)) = 0.25 —j0.025

= (250-j25) mS



Chapter 9, Solution 39.

Z, =4+ j20+10//(—j14+ j25)=9.135+ j27.47 Q

— (9.135+j27.47) Q

. 12 =0.4145 < -71.605°

Z, 9135+ ;2747
i(t) = 414.5c0s(10t-71.6°) mA
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Z =25+ j15)+ (20— j50) /(30 + j10) = 25+ j15+26.097 — j5.122

Z = (51.1+j9.878) Q



Supplemental Question

MODEL.:

TOPEN =0

-
N
—

2 ——1F 2 —{

*—

Vec2

a.

b.

Determine the equation that represents “Vc2”

INITIAL CONDITIONS

Vc(0-) = Ve(0+) =2V

Ve(o) = 0V

CIRCUIT EQUATION

C1 dVe/dt + Ve /R + C2 dVe/dt = 0
dVe/dt (C1 +C2)+ Ve/2=0

t=(Cl1+C2)* R=06 Seconds

GENERAL SOLUTION

Ve(t)=Vh+ Vp
Vh=Ke""

Ve(0+)=2=Ke"+ Vp

2> K=2-Vp
Vp = Ve(o0) = 0
Ve(t) =2e""

Sketch the voltage characteristics
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