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Problem Q3.1: The inverse Laplace transform of

X(s) =
s+ 2

(s+ 2)2 + 9

has the form
x(t) = Ke�at cos(!0t+ �):

Determine the values of K, a, !0, and �.

Solution: The partial fraction expansion has the form

X(s) =
A

s+ 2� j3
+

A�

s+ 2 + j3
:

To determine A we evaluate the limit

A = lim
s!�2+j3

s+ 2

s+ 2 + j3
=

j3

j6
=

1

2
:

Therefore,

x(t) =
1

2
e�2tej3t +

1

2
e�2te�jt = e�2t cos 3t:

Thus,
K = 1; a = 2; !0 = 3; � = 0:

Problem Q3.2:
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(a) Sketch the mapping of the circuit to the Laplace domain.

(b) Compute the Laplace transform of the capacitor voltage, Vc(s).

(c) Compute vc(t) for t � 0.

Solution:

(a) The Laplace domain circuit is shown in the next �gure.
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(b) Using superposition of sources
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+
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:

(c)

vc(t) =
1

3
Æ(t) +

13

3
e�2t � 5e�3t; t � 0:

Problem Q3.3:

The two-terminal network above is at initial rest.
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(a) Compute the Laplace transform of the open-circuit voltage Voc(s) for the above circit.

(b) Compute the Laplace transform of the short-circuit current Isc(s) for the other circuit.

(c) Determine and sketch a Laplace-domain Thevenin equivalent network corresponding to
the two-terminal network above.

Solution:
(a)

Voc(s) =
4
s

2 + 4
2

�
1

s+ 1
=

2

s+ 2
�

1

s+ 1
:

(b)

ZT (s) = 2 +
2 � 4

s

2 + 4
s

= 2 +
4

s+ 2
=

2(s+ 4)

s+ 2
:

Therefore,

Isc(s) = �
Voc(s)

ZT (s)
= �

2

(s+ 2)(s+ 1)
�

s+ 2

2(s+ 4)
= �

1

(s+ 1)(s+ 4)
:

(c) The circuit is sketched below
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Problem Q3.4:

(a) The system function of the above circuit, which is at initial rest, has the form

H(s) =
Vout(s)

Vin(s)
=

as+ b

s+ c
:

Determine the values of a, b, and c.

(b) Determine vout(t) for all t, if vin(t) = e�2tu(t).

Solution:
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(a) The potential at the node that connects the resistor to the capacitor is Vin(s).
Writing a KCL equation at that node gives

Vin(s)

2
+

s

3
[Vin(s)� Vout(s)] = 0:

Simplifying, we get

Vin(s)

�
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�
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3
Vout(s)

Vout(s) =
3

s

�
2s+ 3
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and

H(s) =
s+ 3

2

s
:

Therefore, a = 1, b = 3=2, and c = 0.
(b)

Vin(s) =
1

s+ 2

Therefore,

Vout(s) =
s+ 3

2

s(s+ 2)
=

3
4

s
+

1
4

s+ 2
:

vout(t) =

�
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4
+

1

4
e�2t

�
u(t)

Notice that the output is zero before t = 0.
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