Exercise 12.1

a) Is the zero input response of the circuit shown in Figure 12.1 underdamped. over-

damped. or critically damped?
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Figure 12.1:

b) What is the form of the zero input response (i) for the same circuit? Make a rough

sketch.,

¢) Compare the envelope of the zero mput response with the rate of delay of the zero
input response of the RC circuit in Figure 12.2:

How do they differ?

Solution:
R
e + R=150
Vsl O —— Vo
1 - C=0.01 pF
Figure 12.2:

o= 10 x 10°

.

9 99 . 100
a= 333 x 10



c) (1) v in R circuit in zero-input case decays as o7 = o/

(2) v~ above in the RLC circuit decays with “envelope™ as ¢ 7 =«

LR
Therefore, the BC circuit zero-input response decays twice as fast as the RLC re-
SpOnSe;

L€ Tpre =2 Tpes
RLC takes twice as long to decay.

Exercize 12.2 For each of the circuits in Figure 12 4, find and sketch the indicated zero
input response corresponding to the indicated initial conditions

a) In Figure 12 4, find v, assuming o, () = 1V, e(0) =10
b) InFigure 12.5, find », assuming ¢(0) = 0, w(0) = 11

c) Repeat (b), but with the resistor changed to 501
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Solution:
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Plug (2) into (1). find
. 1 + B¢ g

Initial conditions allow us to find constants 4 and [

A+ EB=0 — fromu(0) =10

|
A+ B—-=-A-53B=1 — fromw|() = 1Volt
5]

o

Gt

B=-_

¥

3 , — )
Ve = qur Lo _ | —e000 )t in seconds {a}



b)

(s 4+ 1000s + 100 - 10M 0 =10

slo=—500+£0,990] — w,” =wS +a w,= 10,000
et o, e

o b
p= 1001 e ™ (0999 cos wyt — 0.0 sinwgt) (D)
(&% 4 20,0008 + 100 x 10%)v
$10 = —10,000

p= A e 10000 | g~ 10000

Initial condition: ©(()) = 11" — A4 =1

-4 . .
§ = —Jmi'l-ff'z — 1000 W{.—mu s fr{,—lu'.'t”
—

infegrate by parts

it=0)=0=10"-A+8B — B=-10" sinceA=1

p=(1—104"1" (0



Exercise 13.1 Find the magnitude and phase of each of the following expressions

a) (8+ j7)(5e™ ) (e7¥)(0.3 — j0.1)

b) [B.5+i34) |_';2[}¢‘--iﬂ'_'" J(60){cos 10° 44 sin107)
(25207 )(37ei237)

) (2567 (10677 (14 — j13) /(1 — 72)

d) (13.‘}}[15"+j1,:'1]}(6€[1—j.‘i[}"]}
Solution:

a) (8 + j7) = 10.63 1873
(0.3 —j0.1) = 0.316e 188327
MAG = 16.8
PHASE = 13.75 deg

b) MAG = 20 = 4547

PHASE =76 — 25" + 10" — 20" — 23" = 18°

o) MAG = 2021 — 9136
PHASE = 30° + 27° — 42° + 63° = 78°
dy 13ei(154+155) | Gel1-30) — w
MAG = 47.3
PHASE = —15°

Exercise 13.2 Find the real and imaginary parts of the following expressions

a) (3+j5)(4eV ) (Te207)
by (106277 )(e2"")
¢) (106" )(es")
d) Ee'where E = |E|e®

Solution:
a) 5.83¢" . 467 L7720 = 163.26e™ = 2.84 4 163
by 1067 — 342+ j9.4

¢) 106750 5 10(cos(wt + 50%) + 7 sin(wt + 50°))

d) |E| & o | E|(cos(wt +0) + jsin(wt + 6))

ANS:: (a) 2.84 + 163, (b) 3.42 + 9.4, () 10(cos{wt + 50°) + 7 sinfwi + 50°)). (d)
|E|(cos(wt + 8) + jsin(wt +6))



5.

, 15 .
a) w(0) = 200 = 75mA

iL(0) = —45mA
io(0) = —ip,(0) — ig(0) = 45 — 75 = —30mA
o B 1

b) = 9RC T 2(200)(0.2 x 10-9)

s 1 1

° = TC ~ (50 < 10-3)(0.2 x 10-9)

= 12,500

- 108

w

s12 = —12,500 £ V/1.5625 x 108 — 108 = —12,500 + 7500

sy = —5000 rad/s; sog = —20,000 rad/s
v = Age5000t 4 4o —20000¢
E(U} =A+A,=15

dv —30 x 1073

0) = —50004, — 20,0004, = — 15 % 10°V /s
(

dt 0.2 x 10-6
Solving, A, =10 A, =5
v = 106—50005 + 56—20,0003 V. >0
: dv
C) [T = CE

= 0.2 x 1075[—50,000e 299 — 100,000 ~20:00%]
_ _10e—5000t _ 90, —20,000t A

rUe—aDUOt + 256—20,[}[!&

IR =9 mA

. . . _E — -
i, = —ig —ig = —40e75000 _ 5e=20000t pA ¢ =0



a) The first step to finding i(t) is to calculate the
roots of the characteristic equation. For the given
element values,

1

LC

103 &

C(100)(0.1)

R
2L

560 ;
~ 2(100) x 10

2800 rad/s.

2
) =

Next, we compare wj to o and note that wj > o’
because

=784 x 10°
= 0.0784 x 10"

At this point, we know that the response is under-
damped and that the solution for i(¢) is of the form

i(t) = Bie ™ coswyt + Bye™™ sinwyt,

where o« = 2800 rad/s and wy; = 9600 rad/s. The
numerical values of B, and B, come from the initial
conditions. The inductor current is zero before the
switch has been closed, and hence it is zero immedi-
ately after. Therefore

i(0) = 0 = B,.



To find B,, we evaluate di(0*)/dt. From the circuit, we
note that, because i(0) = 0 immediately after the
switch has been closed, there will be no voltage drop
across the resistor. Thus the initial voltage on the
capacitor appears across the terminals of the inductor,
which leads to the expression,

di(0")
L———= =1,
dit 0
or
. n+
(h( )=YE=J@X“'3
dt L 100
= 1000 A/s,

Because By = 0,

% = 400B,e (24 cos 9600¢ — 7 sin 96001).
Thus
ﬂfﬁl = 96008,
= oeng = 01042 A

The solution for i(¢) is
i(6) = 0.1042¢ 0 5in 9600t A, ¢ = 0,

b) To find ve{r), we can use either of the following rela-
tionships:

-l {
v = —— | idr + 100 or
3

. di
i 1 — + R
ve = IR Ldt

Whichever expression is used (the second is recom-
mended), the result is

ve(t) = (100cos 96001 + 29.17 sin 96000)e™ 3 v, ¢ = 0.



