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Q1) Find Zeq between (a and b) in phasor formหܼ௘௤ห∠ߠ? (10 marks) 
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For all the time prior to zero, the switch is at position (a), at t=0 the switched 
was moved to position (b). 

 The circuit can be simplified as 
Convert the current source 14mA to 28V voltage source 



a) Find Vo(0+)? (5 marks) 

௢ܸ(0ା) = ௖ܸ(0ି) = ௖ܸ(0ି) − 20
12݇

+ ௖ܸ(0ି) − 28
4݇

= 0 

௖ܸ(0ି) =
20 + 3 ∗ 28

4
= 26ܸ 

݅௅(0ା) =
20 − 28

16݇
=  ܣ0.5݉−

݅஼(0ା) = ݅௅(0ା) = ܥ ݒ݀ ⁄ݐ݀ =  ܣ0.5݉−
௅ܸ(0ା) = ݐ݀/݅݀ܮ = ௢ܸ(0ା) + (12//24)݇ ∗ ݅௅(0ା) − 20 = 2ܸ 

௢ܸ(∞) = 20ܸ 
݅஼(∞) =  ܣ0

b) Show that type of damping is under damped? (10 marks) 

ߙ =
ܴ
ܮ2

=
12݇//24݇

2(0.2)
= 20000 

߱ =
1

ܥܮ√
=

1

√0.2 ∗ 8 ∗ 10ିଽ
= 25000 

ଶߙ < ߱ଶ 

߱ௗ = ඥ߱௢
ଶ − ௢ߙ

ଶ = √625 ∗ 10଺ − 400 ∗ 10଺=15000 
 

c) Find ݀ݒ௢ ⁄ݐ݀  (5 marks) 

௢ݒ݀ ⁄ݐ݀ =
1
ܿ

݅௖ =
1
ܿ

݅௅ 

=
1
ܿ

(݅௅(∞) + ݐௗ߱ݏ݋ଵܿܤ) +  (ఈ௧ି݁(ݐௗ߱݊݅ݏଶܤ

=
1

8 ∗ 10ିଽ ݐ15000ݏ݋ଵܿܤ) +  ଶ଴଴଴௧ି݁(ݐ15000݊݅ݏଶܤ

1
ܿ

݅௖(0) =
1

8 ∗ 10ିଽ (݅௅(∞) +  (ଵܤ

−0.5 ∗ 10ିଷ =  ଵܤ

݀݅௟ ⁄ݐ݀ (0) =
1

0.2
(−20000 ∗ −0.5 ∗ 10ିଷ + (ଶܤ15000 = ௅ܸ(0ା)

ܮ
=

2
0.2

 

ଶܤ = 53.3 ∗ 10ିଷ 

௢ݒ݀ ⁄ݐ݀ =
1

8 ∗ 10ି଺ ݐ15000ݏ݋0.5ܿ−) −  ଶ଴଴଴௧ି݁(ݐ15000݊݅ݏ53.33

d) For ݐ ≥ 0 find Vo(t)? (10 marks) 

௢ܸ(ݐ) = ௖ܸ(∞) + ݐ15000ݏ݋ଵܿܤ) + ଶ଴଴଴ି݁(ݐ15000݊݅ݏଶܤ  
௢ܸ(0) = ௖ܸ(∞) +  ଵܤ

26 = 20 +  ଵܤ
ଵܤ = 6 



௢ݒ݀ ⁄ݐ݀ (0) = ଵܤ20000− +  ଶܤ15000
−0.5 ∗ 10ିଷ

8 ∗ 10ିଽ = −20000(6) +  ଶܤ15000

ଶܤ = 3.833 

௢ܸ(ݐ) = 20 + ݐ15000ݏ݋6ܿ) + ଶ଴଴଴ି݁(ݐ15000݊݅ݏ3.833  
 

 

Q3) Find the phasor current Io? (20 marks) 
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௫ܸ =
௜௡ܫ

ܼோ௅
= 2∠90 ∗

4݆
2 + 2݆

= 2∠90 ∗ √2∠ − 45 = 2√2∠45ܸ 

௢ܫ = ௫ܸ

8
/

1
0.25݆

=
√2
16

∠ − 45 

Not required 

௢ܫ =
√2
16

cos(100ݐ − 45)  ܣ

 
Q4) The switch has been open for a long time and it is closed at t=0. 

a) Find the transfer function H(s)= Vo(s)/ Vin(s) after closing? (10 marks) 
b) If Vin=10V, find Vo(t) using the transfer function H(s) derived in the 

previous part? (10 marks) 

5Ω
2mH

100µF+
-

5Ω

Vin

+

oV

-
 



5Ω

2ms
1/(s100µ)

5Ω

Vc(0)/s

+

oV

-

+
-

+

inV

-
 

 

௖ܸ(0ି) =
5

5 + 5 ௜ܸ௡ = 0.5 ௜ܸ௡  

 
௢ܸ

ܴ
+ ௢ܸ − 0.5 ௜ܸ௡ ⁄ݏ

ܿݏ/1
+ ௢ܸ

ܮݏ
+ ௢ܸ − ௜ܸ௡ ⁄ݏ

ܴ
= 0 

ܮݏ ௢ܸ + ௢ܸݏଶܴܥܮ − ܥܮܴݏ0.5 ௜ܸ௡ + ܴ ௢ܸ + ௢ܸܮݏ − ܮ ௜ܸ௡ = 0 

(ݏ)ܪ = ௢ܸ

௜ܸ௡
=

ܥܮܴݏ0.5) + (ܮ
ܥܮଶܴݏ) + ܮݏ2 + ܴ)

=
ݏ0.5) +

1
(ܥܴ

ቀݏଶ +
2

ܥܴ ݏ +
1

ቁܥܮ
 

(ݏ)ܪ =
ݏ0.5) + 2000)

ଶݏ) + ݏ4000 + 5 ∗ 10଺)
 

=
ݏ)0.5 + 2000) + 1000
ݏ) + 2000)ଶ + 1000ଶ  

ݏ)0.5 + 2000)
ݏ) + 2000)ଶ + 1000ଶ +

1000
ݏ) + 2000)ଶ + 1000ଶ 

௢ܸ

௜ܸ௡
(ݐ) = 0.5൫ܿ(ݐ1000)ݏ݋ +  (ݐ)ݑ൯݁ିଶ଴଴଴௧(ݐ1000)݊݅ݏ2 

௢ܸ(ݐ) = 5൫ܿ(ݐ1000)ݏ݋ +  (ݐ)ݑ൯݁ିଶ଴଴଴௧(ݐ1000)݊݅ݏ2 
 
Q5) If  Vc1 (0-)=10V and IL (0-)=5A 

a) Redraw the circuit in s-domain. (8 marks)  
b) Find the Norton equivalent circuit between (a and b) in the s-domain? 

(12 marks) 
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ܼ௧௛ =

10
ݏ ݏ) + 10)

10
ݏ + ݏ) + 10)

=
ݏ)10 + 10)

ଶݏ + ݏ10 + 10
 

௡ܫ =
ݏ5 + 5
ݏ + 10

+ 1 =
ݏ5 + 5 + ݏ + 10

ݏ + 10
=

ݏ6 + 15
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Not required 

௡ܫ = (ݐ)ߜ6 − 45݁ିଵ଴௧  
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