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Figure P3.1: Waveforms for Problem 3.1.

PROBLEMS

Sections 3-1 to 3-3: Laplace Transform and Its Properties

3.1 Expresseachofthe waveforms in Fig. P3.1 interms of step

functions and then determine its Laplace transfrom. [Recall that () S o

\ the ramp function is related to the step function by r(t =T) = (c) Top hat
! (t—T) ut=T) .] Assume that all waveforms are Zero forti=< 0. (d) Mesa
(a) Staircase . ; (e) Negative ramp

T \ / .
£t * Answer(s) in Appendix E. ) Triangular wave
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«forms shown in Fig. P3.2. (Hint: See Exercise 3.2.)
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Figure P3.2: Periodic waveforms for Problem 3.2.

Determine the Laplace transform of each of the periodic

3.3 Determine the Laplace transform of each of the following
functions by applying the properties given in Tables 3-1 and
3-2.

(@) x1(t) = 4te™ u(r)

(b) x2(t) = 10cos(12f + 60°) u(z)

(©) x3() = 12739 y(t — 4)
3.4 Determine the Laplace transform of each of the following
functions by applying the properties given in Tables 3-1 and
3-2.

(@ x1(t) = 12te730= y(t — 4)

(b) x2(t) = 27¢% sin(6t — 60°) u(t)

(¢) x3(t) = 103%™ u(r)
3.5 Determine the Laplace transform of each of the following

functions by applying the properties given in Tables 3-1 and
3-2. ,

(@) x1(t) = 16e~% cos 4t u(t)
(b) x2(t) = 20re~% sin4t u(r)
(©) x3(t) = 10e™ u(t — 4)
3.6 Determine the Laplace transform of each of the following

functions by applying the properties given in Tables 3-1 and
3-2.
(a) x1(r) =30 + ) u(r)
(b) x2(t) =5(t — 6) u(t — 3)
(©) x3(t) = 4e72=3 y(r — 4
3.7 Determine the Laplace transform of the following
functions:
(a) x1(t) = 25cos(4mt + 30°) (1)
(b) x2(t) = 25cos(4mt + 30°) 8(r — 0.2)
sin(3¢) oA
7
a
pia —4t
(d) x4(1) = ) e u(®)]
3.8 Determine the Laplace transform of the following
functions:

(@) xi1(t) = % [4te=% cos(4rt + 30°) u(t)]

(c) 3 (1)'= 10

(b) x2(t) = e~ cos(4t + 30°) u(t)
(©) x3(t) = t*[u(t) — u(t — 4)]
(d) x4(t) = 10cos(6zrt + 30°) 8(z — 0.2)

3.9 Determine x(0™) and x(c0) given that

_ 4s? + 285440

XO= e
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3.16 Obtain the inverse Laplace transform of each of

3.10 Determine x(0) and x(c0) given that
following functions:

2

s“+4 2

X(s) = ] 2s% +4s — 16
(S) 253 + 452 + 10s (a) XI(S) = (S A= 6)(S o 2)2

_28° +128° + 16)
® X2 =~ F s +4°

a0
(c) X3(s) = S(s2 + 8s + 20)

3.11 Determine x(0") and x(c0) given that

1 —2s
X(S) = __,2?/ ¥
s(s +2)(s+3)
3.17 Obtain the inverse Laplace transform of each of
following functions:
312 Determine x(0T) and x(c0) given that
4(s — 4)
(a) X1(8) = 2+ 12T
19—e¢° g£Xl16
X(s)zs(s2+55+6)' (b)x(s)—i+_ﬁ_
IVL=g 239
(s + 5) e—25

Section 3-4 and 3-5: Partial Fractions and Circuit Examples
© X30) =TT 3
(s+D(s+3)

3.13 Obtain the inverse Laplace transform of each of the 318 Obtain the inverse Laplace {anstorm of each of

following functions, by first applying the partial-fraction-  fo11owing functions:

expansion method.
6 (1 — e™%)(24s +40)
i s e X =
(a) Xi(s) = G126+ @ Xi(s) (s+2)(s+10)

4 . s(s — 8)e 0
) Xo@) =T b) Xi(8)= —
5+ DG+27 ) X20) = G r2) & + 16)
363 + 3682 + 131s + 144 4 —4s
X = 7 5(2 —i )
i s(s+4)(s2+6s+9) (© X308 =—a 9
3.14 Obtain the inverse Laplace transform of each of the L ] R X .
following functions: 3.19 Determine v(#) in the circuit of Fig. P3.19 given
£ : vs(t) =2u() V, Ri=1%, R, =39, C=03689F
= 17s +20 L =02259H.
7 (2 4+ 6s +5)
252 4 10s + 16 s
(b) Xa(s) = 3 R R
(s +2)(s* + 6s +10) 1 2
VMA VWA 1 l (t)
o i J: "
(s +2)3 v(?) C 3 3
3.15 Obtain the inverse Laplace transform of each of the —\——

following functions:
(s +2)°
s(s+1)3
1
®) X28) = S mmaaee 3
e 50 ST 320 Determine ip(f) in the ¢
& K 2 S gun, Ri=2 Q, R
s2 +6s+ 13 e =0.0376 F.

(a) Xi(s) = Figure P3.19: Circuit for Problems 3.19 and 3.20.

ircuit in Fig. P3.19 given
=68, L=228 H,
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of each of 21 Determine voy () in the circuit in Fig. P3.21 given that

i) =35u(t) V, vc,(07)=20V, Ri=1 %, @:=11)E
#:=05Q,andC>, =2F

— °
A
G —I— Ry voyt

—0

vs(2)

of each of
Figure P3.21: Circuit for Problem 3.21.

“wwtion 3-6: Transfer Function

=2 Asystem is characterized by a transfer function given by

- ~wrmine the output response y(t), if the input excitation is
= by the following:

() =u@)

B xo(1) =2f u(?)

o x3(1) =2e u(r)

W xy(1) =[4cos(d)] u(@)

of each of

~*  When excited by a unit step function at 7 = 0, a system
ates the output response

. y(#) =[5 — 10¢ + 20sin(2¢)] u(t).
3.19 given

-0.3689 F, ine (a) the system transfer function and (b) the i}npulse

ponse.

When excited by a unit step function at 1 = 0, a system
ates the output response

i (1) in(5¢
' () = 10 slni ) ).
L . S ,
ine (a) the system transfer function-and (b) the impulse
Bonsc.
nd 3.20. ~*  When excited by a unit step function at 1 = 0, a system
tes the output response
y(t) = 1062~ u().

3.19 given

B225 H, ine (a) the system transfer function and (b) the impulse

BEROnse.

- 3.26  When excited by a unit step function at 7 = 0, a system
generates the output response

y(1) = 9% sin(6r — 60°) u(r).
Determine (a) the system transfer function and (b) the impulse
response.
3.27 For the circuit shown in Fig. P3.27, determine

(a)H(s) = V,/Viand (b) h(t) giventhatR| = 1Q, R, =2 Q,
Cj = Il andiC> = 2 uF

R G
gcircut s 5
+ e +
V; T G Ry ¥
o— o

Figure P3.27: Circuit for Problem 3.27.

3.28 For the circuit shown in Fig. P3.28, determine
(@)H(s) = V,/Viand (b) k() giventhat R} = 1 Q, R, =2 Q.
L1 =1mH, and L, =2 mH.
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Figure P3.28: Circuit for Problem 3.28.

1329 For the circuit shown in Fig. P3.29, determine
(@) H(s) =V,/V; and (b) h(r) given that R=5 K,
L =01 mH ‘and'C ="1"E

/L
o——Y I 0
L + 0 W

Figure P3.29: Circuit for Problem 3.29.
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Section 3-7: LTI System Stability
3.30 An LTI system is described by the LCCDE

d’y dy dx
G gt Dy = — X,
el T

Is the system BIBO stable?

331 The response of an LTI system to input
x(1) = 0() de=3 u(t) is output y(1) = e % u(t)p1 (Is
the system BIBO stable?

332 An LTI  system has  impulse  response
h(t) = 4+ jS)e®tP u() + (4 - j9)e@ =V u@). Is
the system BIBO stable?

3.33  An LTI system has transfer function

_(S+1)(S+2)
L)

Is it BIBO stable?
Section 3-8: Invertible Systems /

73.34 Compute the impulse response g(t) of the BIBO stable
inverse system corresponding to the LTI system with impulse
response h(t) = 8(1) — 2¢=3 u(t).

3.35 Compute the impulse response g(1) of the BIBO stable
inverse system corresponding to the LTI system with impulse
response h(t) = 8(1) + te” " u(t).

3.36 Show that the LTI system with impulse response
higy =08(1) — 4¢3 u(t) does not have a BIBO stable inverse
system.

3.37 Show that the LTI system with impulse response
h(t) = e~" u(t) does not have a BIBO stable inverse system.

Section 3-10: Interrelating Descriptions

impulse  response
Compute each of

338 An LTI system has an
h(t) = 8(t) + 6" u(t) — 27 u(®).
the following:

(a) Frequency response function H(a))

(b) Poles and zeros of the system

(¢) LCCDE description of the system

(d) Response to input x (1) = =3 JyLoes u(t)'

339 An LTI system has an impulse  res;
h(t) = 8(t) + 4e=> cos(21) u(r). ~ Compute each of
following:

(a) Frequency response function H(w)
(b) Poles and zeros of the system

(c) LCCDE description of the system
(d) Response to input x (1) = 2te™" u(t)

3.40 An LTI system has the LCCDE description
) dx
<P ARTTR e R L SR g =
o ; + 12y d +2x

Compute each of the following:

(a) Frequency response function H(w)
(b) Poles and zeros of the system

(¢) Impulse response h(t)

(d) Response to input x(r) = e 2 u(t)

3.41 An LTI system has the LCCDE description

%2% +4(—2)t—) + 13y = d—(g + 2x.
Compute each of the following:
(a) Frequency response function Al(w)
(b) Poles and zeros of the system
(¢) Impulse response h(t)
(d) Response to input x(r) = e 2 u(t)

342 The response of an LTI system to
x(t) = 8(t) — 2¢7> u(t) is output y(r) = e 2 ui)C
each of the following: '

(a) Frequency response function Fl(w)
(b) Poles and zeros of the system

(¢) LCCDE description of the system
(d) Impulse response h (1)
3.43 An LTI system has H(0) = 1 and zeros: {—1}:
{=3, —5}. Compute each of the following:
(a) Frequency response function H(w)
(b) LCCDE description of the system

(¢) Impulse response h(r)

(d) Response to input x (1) = e ut)
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mpulse  resg
ute each of

ion

Bl

An LTI system has H(0) = 15 and zeros: {—3 + Jj4};
—1 £ j2}. Compute each of the following:

“equency response function H(w)

- CDE description of the system

“wpulse response A(t)

#esponse to input x (1) = e sin(4t) u(r)

The response of an LTI system to input x(f) =
“osi41) u(t) is output y(r) = e sin(41) u(r). Compute
-« the following:

“requency response A(w)

“les and zeros of the system

- “CDE description of the system
“mpulse response A (t)

w 3-11: Partitions of Responses

Compute the following system responses for the circuit
i Fig. P3.46 given that x(t) =25cos(3t) u(t), R =
%2, C =1 uF, and the capacitor was initially charged to

~ero-input response.
Jero-state response.
Transient response.
“teady-state response.
“atural response.
“orced response.

R

TV 4
xm@ C== 1)

Figure P3.46: Circuit for Problem 3.46.

3.47 If the capacitor in the circuit of Fig. P3.46 is initially
charged to y(0) volts, instead of 2 V, for what value of v(0) is the
transient response identically equal to zero (i.e., no transient)?

3.48  For the circuit in Fig. P3.48, compute the steady-state
unit-step response for i (¢) in terms of R.

(1
R 10mH (1)
33

x(7) 1 uF o(?)

Figure P3.48: Circuit for Problems 3.48 to 3.50.

3.49  In the circuit of Fig. P3.48, let i (0) = 1 mA.

(a) Compute the resistance R so that the zero-input response
has the form

i(t) = Ae™20000 3y 4y 4 B 50001 u(t)

for some constants A and B.

(b) Using the resistance R from (a), compute the initial
capacitor voltage v(0) so that the zero-input response is
i(t) = Be™%% (1) for some constant B.

3.50 In the circuit of Fig. P3.48,i(0) = 0.

(a) Compute the resistance R so that the zero-input response
has the form

i(1) = Ae™ 2000 4y (1) 4 po—500001 u(t)

for some constants A and B.

(b) Using the resistance R from (a), show that no initial
capacitor voltage v(0) will make the zero-input response
be i(t) = Be=3%000t 1y (1) for some constant B.
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