
ion H(s) = Y/x 

~ shown in Fig. 5 .:~ 

:tion Y IX when G 
, I (5 + 3). 

hown in Fig. 5.:: 
(5 + 1)/ (5 + :. 

.sulling transfer fUlr-· 
. 2 
,I(S - 3) , 
\ 

given in Fig . . ' __ 

= (5 + 1)/(5 + :. 
.sulting transfer fu::..: 

5 + 4), 

-: given in Fig . . '_ 
, ~5(5 + 1)/ (s + :. 
~ frequency will . 

or.n of (a) 
. -- - 12e -t)u(t) , (

. --iT - sin 4t)U(i . 

.54 

Find the Laplace transform of (a) 
_. - <p )u(t), (b) cos(l3t - <p )u(t), (c) 

( 13 1 - <p)u(t), and (d) e- at cos(l3t - <p)u(t). 

Find the inverse Laplace transform of each 
- '0110wing functions : 

600 (b) 60(s + 4) 
- lO)(s + 30) s(s + 2)(s + 12) 

Find the inverse Laplace transform of each 
"ollowing functions: 

12s 4(S2 + 1) 


- 3)(i + 9) (b) sCi + 4) 


Find the inverse Laplace transform of each 
'ollowing functions: 

- 2)(s + 3) b lOs + 80 
5' 5 + 1)2 ( ) i + 8s + 20 

Find the solution to the differential equation 

dx(t)- ..- + 7 - + 6x(t) = 36u(t) 
.- dt 

_. to the initial conditions dx(O) / dt o and 
= - -+, 

Find the solution to the differential equation 

ij dx(t)
- .- + 3 - + 2x(t) = 20 cos 2t u(t) 

L.- dt 

o the zero initial conditions, dx(O)/ dt = x(O) 
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5.66 For the series RC circuit shown in Fig. P5.66, 
suppose that R = 5 fl and C = 0,1 F. Find the step 
responses vet) and i(t) when vs(t) = 20u(t) V. 

R 

~i 

+ 
v, c v 

Fig. PS.66 

5.67 For the series RC circuit shown in Fig. P5 .66, 
suppose that R = 2 fl and C = 2 F. Find vet) and 
i(t) when vs(t) = l2e - tI2u(t) V. 

5.68 For the series RC circuit shown in Fig , P5 .66, 
suppose that R = 2 fl and C = 2 F. Find vet) and 
i(t) when vit) = l2e -t/4U(t) V. 

5.69 For the series RL circuit shown in Fig. P5.69, 
suppose that R = 5 fl and L = 5 H. Find the step 
responses i(t) and vet) when vi t) = 20u(t) V, 

R 

+ 
Lv, 

Fig. P569 
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+ 
12 V -=

Fig. P3.60 

t = 0 s 

In 
3 

3.63 For the series RLC circuit shown in Fig. 
P3.63, suppose that R = 7 fl, L = 1 H, C = 0.1 F, 
vit) = 12 V for t < 0 sand vit) = 0 V for t ~ 0 s. 

IF 
2 

1n In 

+ 
Find vet) and i(t) for all time. v, l' 1 F 1 H 

Fig. P3.63 

3.64 For the senes RLC circuit shown in Fig. 
P3.63, suppose that R = 2 fl, L = 0.25 H, C = 

0.2 F, vit) = 10 V for t < 0 sand vit) = 0 V for 
t ~ 0 s. Find vet) and i(t) for all time. 

3.65 For the series RLC circuit shown In Fig. 
P3.63, suppose that R = 2 fl, L = 1 H, C = 1 F, 
v,(t) = 6 V for t < 0 sand vit) = 0 V for t ~ 0 s. 
Find v(t) and i(t) for all time. 

3.66 For the circuit shown in Fig. P3.66, suppose 
that vs(t) = 6 V for t < 0 sand vs(t) = 0 V for 
t ~ 0 s. Find vit) and VI (t) for all time. 

v, 

Fig. P3.66 

In
2 

IF
2 

+ 
\ I 

In 

IF 
4 

+ 

3.67 For the circuit shown in Fig. P3.67, suppose 
that vit) = 6 V for t < 0 sand vit) = 0 V for 
t ~ 0 s. Find i(t) and v(t) for all time. 

Fig, P3.67 

3.68 For the circuit shown in Fig. P3.67, inter
change the inductor and the capacitor. Suppose that 
vit) = 6 V for t < 0 sand v,(t) = 0 V for t ~ 0 s. 
Find the capacitor voltage vet) and the inductor cur
rent i( t) for all time. 

3.69 For the parallel RLC circuit shown in Fig. 
P3.69, suppose that R = 0.5 fl, L = 0.2 H, C = 

0.25 F, and is(t) = 2u(t) A. Find the step responses 
i(t) and vet) . 

Fig, P3.69 

3.70 For the parallel RLC circuit shown in Fig. 
P3.69, suppose that R = 3 fl , L = 3 H, C = -h F, 
and iit) = 4u(t) A. Find the step responses i(t) and 
vet). 

3.71 For the series RLC circuit shown in Fig. 
P3.63, suppose that R = 7 fl, L = 1 H, C = 0.1 F, 
and vit) = 12u(t) V. Find the step responses vet) and 
i(t). 

3.72 For the series RLC circuit shown in Fig. 
P3.63, suppose that R = 2 fl, L = 1 H, C = 1 F, 



~ 

"'_ P3.67, inter
uppose that 

. for t ;::: 0 s. 

-;: inductor cur-

shown in Fig. 
= 0.2 H, C = 

;,:::p responses 

~J=l 
shown in Fig. 
3 H. C = 12 F, 
;JODses i(t) and 

i.'!own III Fig. 
H. C = 0.1 F, 
lOoses vet) and 

;hown in_ Fig. 
H. C = 1 F, 

and vit) = 12u(t) V. Find the step responses vet) and 
" r) . 

3.73 For the RLC circuit shown in Fig. 3.43 on p. 
172, suppose that R = ~ n, L = ~ H, C = ~ F, and 
\. = 1 V. Find the unit step responses i(t) and vet). 

3.74 For the RLC circuit shown in Fig. 3.43 on p. 
172, suppose that R = ~ n, L = ~ H, C = ~ F, and 
\ . = 1 V. Find the unit step responses i(t) and v(t). 

3.75 . For the circuit shown in Fig. P3.66, suppose 
that vs(t) = 9u(t) V. Find the step response V2(t). 

3_76 For the circuit shown in Fig. P3.67, suppose 
at vit) = 6u(t) V. Find the step responses i(t) and 
T). 

3.77 Find the step response vo(t) for the op-amp 
._ircuit shown in Fig. P3.77 when C = ~ F and 

(1) = 4u(t) V. 

2n 

c 
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3.78 Find the step response vo(t) for the op-amp 
circuit shown in Fig. P3.77 when C = ~ F and 
vit) = 8u(t) V. 

3.79 Find the step response vo(t) for the op-amp 
circuit shown in Fig. P3.77 when C = ~ F and 
vit) = 6u(t) V . 

3.80 Find the step response vo(t) for the op-amp 
circuit shown in Fig. P3.80 when C = ~ F and 
vs(t) = 4u(t) V. 

3.81 Find the step response vo(t) for the op-amp 
circuit shown in Fig. P3.80 when C = 1 F and 
vs(t) = 3u(t) V. 

3.82 Find the step response vo(t) for the op-amp 
circuit shown in Fig. P3.80 when C = ~ F and 
vit) = 2u(t) V . 

....----ill + I'" 
In 2n 

-:

IF I 
-:

g . P3.77 

IF 

In 

\'(1 

.". 

g . P3.80 
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Drill Exercise 3.17 

Find the step responses vet) and i(t) for the series RLC circuit shown in Fig. 
3.41 when R = 1611, L = 2 H, C = 1/50 F, and V = 6. 

ANSWER [6 - 10e-4t cos(3t - 0.927)ju(t) V,e- t sin 3t u(t) A 

The Critically Damped Case 

Consider the RLC circuit shown in Fig. 3.43. By KCL, 

Vu(t) - v dv 
--'-'--- = i + C- (3.59)


R dt 


R 

Fig. 3.43 Another RLC circuit. 

Substituting v = L dildt into Eq. 3.59 and simplifying results in 

d2i 1 di 1 V - + - - + - i = - u(t) (3.60)
dt2 RC dt LC RLC 

For t < 0 s, the right-hand side of this equation becomes zero, and for zero initial 
conditions the solution is i(t) = 0 A. However, for t ;? 0 s, Eq. 3.59 becomes 

d2 i 1 di 1 V - + -- + -i =- (3.61)
dr RC dt LC RLC 

Thus we have that ex = 1/2RC and Wn = 1/VLC. 
We finally consider the critically damped case. 


