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INSTRUCTIONS:

e Do not flip this page over until told to do so.

e The exam consists of 7 problems worth a total of 85 points.

e The exam needs to be solved on this book and not on blue book.
e If you need the blue book for rough work, please ask the exam staff.

e The exam is closed book and notes. You are allowed to bring calculator and two A4 sheet
with you with hand-written notes on both sides.

e Read all the questions before you start working on the exam.

e You cannot keep your mobile phone(s) with you (even on silent mode or switched off).

Total Obtained
Problem

Points | Points

Problem 1 15

Problem 2 10

Problem 3 10

Problem 4 10

Problem 5 05

Problem 6 10

Problem 7 10
Problem 8 20

Total 90




Text Box
Solutions


Part 1: First Order Circuits

Problem 1. (15 pts) The circuit given below is in steady state with switch closed. The

switch is opened at t = 0. "9'
( v 2=

Vi,

(a) (4 pts) Determine the current i,(t) at ¢t = 0~, that is, just before the switch is
'l: O - operated. Also determine the current through the inductor.

*_f;gucgk ¢ Lo (£) = l};: 2.5A +t<o
% Nodd Eqs. | 2
Q\/,_,‘I\/,_: 2.4 L(07 )= ]_2_2 [
2V, - V= 9
= ll/lfé\/ v, = 7. 5\/1

(b) (3 pts) Determine the current i,(t) at ¢t = 0+ that is, just after the switch is

t___ O"'L operated.
X Imn‘uc_’lo}u acts as C_M sou.JLoL 9$
CO(D_+); 3- L/_(D_’—):: 5 A

(¢) (2 pts) Determine the current i,(t) at t = co

Lo( D) = )(3)" 2. [A
7r+5

5 A

4 ( O+)
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(d) (5 pts) Using the results of the previous parts, or otherwise, determine the current

io(t) for all times ¢ > 0.
| -t/
(o (£) = Ki+ Ky e

Ki= 2.1

(e) (1 pts) Plot the current i,(t) for —7 < ¢ < 67 (where 7 denotes the time constant
of the circuit).
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Problem 2. (10 pts) The circuit given below is in steady state with switch in open state.
The switch is closed at ¢t = 0.

(a) (2 pts) Determine the voltage v,(t) at t =07
i C.al)a(i‘l'o)\. oC
#* VYa= 12V
¥ \}"D(o‘) — ZVZ\—I-ZLf—fv—A: 6oV

(b) (1 pts) Determine the the voltage v,(t) at t = 0F.

V°(°+) = 6oV

(c) (1 pts) the voltage v,(t) at t = 0o

'\}LA,(OO):O) \/0 COO): ZL{\/

(d) (6 pts) Using the results of the previous parts, or otherwise, determine the voltage

vo(t) for all times ¢t > 0.
-/«
P\}—o(t); l<l —+ Kz € 't>/O

K[: 2,4) '(l*: éo_lq: Bé

T = Keavcz = 12 s
Ruv — 6—-/)/ (U.Slw(j 'qua\/cnm's ma’f’kad)
- /12
= Vo) = |24+ 36 e V <+ >0
6o V <o






































































































































































































































































































































































































































































































































































































































































































Problem 3. (10 pts) The circuit given below is operating in the steady state with the switch
S1 in open state and switch Sy in closed state for ¢ < 0. At t = 0, the switch S7 is
closed and S is opened. Determine the voltage v(t) for all times.
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Part 2: Evaluation of Initial Conditions

Problem 4. (10 pts) In the circuit given below, assume that the switch SW1 ig initially
open and is closed at ¢t = 0. Determine v.(t), i1 (t), dv.(t)/dt, dir(t)/dt and ctzv%(t)/dt2
att =07 .

’\7—&(0‘): VL(O+):O

LL CO—) pont LL(O+):O
ol Voo 05du e 2i
L,. 02

__jol____— ) LL_ —+(|00m)(2(_y—t 4+ vcf 5 = O
At e

AdVe — 5\//5 dz\/a _ K \//52



























































































































































































































































































































































































































































































Problem 5. (5 pts) Determine the circuit-order for each of the following circuits.

de J

nd



















































Part 3: Second-Order Circuits
Problem 6. (10 pts)

Consider the circuit shown below. The circuit is in steady state with switch at position
a. At t =0, the switch is moved from position a to position b.

(a) (1 pts) Determine i(t) at t = 0.

(b) (1 pts) Determine v.(t) at t =07

\71 (D’>: o

(8 pts) Determine i(t) for all times ¢ > 0. I

14yn 6

24

L
1l

i ; L foat = 12 = Ldi(ot) 2- Q10293 difh)=-24
L o_{_-l_' + (R4 C—’jlo(‘t D cH’( ) ).)J-l'(j Al
di loo“ + 2656=20 = Sz+ 85+25=-0 =) 5,83z -5
ﬂa— d4




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Problem 7. (10 pts)

The switch in the following circuit is opened at ¢ = 0.

(a) (8 pts) Determine v,(t) for all times. 4

=0

) 2
"o (D) ¢ Q)2a

LA Sk SR S
(3 6 2
LL(D—): ~ :ﬂ
2
-+
t=o0 R v Yot Ve
4o c Mot Ey v cdva2 Ve Via %2 AV L dey Ve
24 I 2 4t 2 Jd4* 44> d+ >
2N __fv" '\"; '\,‘l-‘;r -+ "’_oc. ! M—. f/
- Y2
= \_/o,_c). 52'_‘.51-0.@:0 => S= - -?l:'i(j"i 1 Voe = € (Kl m('§)+KzSin(‘§_))

Ini-'ﬂ'nl Conditions

/
Vi(o?)= o) Vet € H(Kiem(E) + L/,_sm(‘%_))
= g4v

Vg 0 4y K = 84>
%“): Tl —K e s [Re g

2
~V(o¥) = 84V = Y
4,,; VO(f)z 4, 44 z(m-—i— +S'M1'£ \V4 t>o0
Vvoldoge athess
1<

(b) (2 pts) Determine the damping ratio ¢ and undamped natural frequency w,, for
the circuit after the switch is operated.

2 - [L - d
wie gy e [T

Zgwnz ‘ {: —‘\)_;—2_- 8
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Problem 8. (20 pts) In the circuit given below, assume that the switch is initially open
and is closed at t = 0.

L

p—

(a) (5 pts) For t < 0, determine the voltage across capacitor, v.(t) and the current

through inductor, i(t). 20
+ VW~ '
*L(O) Z’A—L(o) -r‘—[lF é
* Ve (o‘) 20N- \_/"- I—EO .

FM:J CiA.(...u't %,\, L<o is drawmwm,

Nodad Eq. YA L dVe Y _ 2e2t=0 ,
30 | 20 g4p =5 N(e). 0.5( w2t sinat),
2Ve + Ve = 22t
dt
-*Suou‘l—ph is onne cded "P' lo e h
we  determine TMJ*(_«J&L so'u.f‘mn
Vo (+) = Acwwat+ Bsm2t, £<o
2A+428-2 _y A= 0.5
——> B—_ 0.5
28 _2A=-0
(b) (4 pts) Formulate a second-order differential equation in i(¢).
e = L_é_l_
d+
' : . 2, +
L+ Ve 4+ cd¥et Y2244 5 (4 di 4 Ldi = 4+ Lew2
20 it T Lo dt 2 g 1o

€<0


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(c) (’8 pts) Determine i(t) for all times ¢ > 0.

—_ . ¢ .

E.E—;- ir“): A4+ Bw2zt+ C sin2t |
- 2B 4+ 2C = — —
20- 8 > [A= 4, T I7I0TE
Lt = L’ - -;—o ter2t ‘*Z—IOS"”—'&—I— e_’t( Kicort + K;_Sin‘t),
Twiliod  Candidrons . (o) = 4A, LAi_Ve = _,_L’,-(Oﬂt): o,o5A/5
oM A+
K = L+ , L +L|<L,|<.:_o.os;>!l<z=o?
| 20 1o
_1
(#) = 4 _ 1 oot 4+ L sin2t+ e et A
20 20 20

(d) (# pts) Determine ig(t) for all times ¢ > 0.

d

/ i
Z A4

LR(_t): lo di -
So d+
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