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Q1. (a) Ve(07) =0V (Open circuit, no source to charge the capacitor)
Vo (01) = 0V (Capacitor does not allow instantaneous change in voltage)
Vo(oo) = 15V (In steady state the capacitor is charged to voltage source value since it is in
series)
i(07) = 0A (Open circuit, no current flows)
i(0+) = 3A (Given)
i(0o) = 0A (Capacitor is fully charged and behaves as open circuit so no current flows)

(b) Two resistors are in parallel so we will use equivalent resistance.
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(¢) To formulate first order differential equation, take derivative of () to produce the following:

R di i)
R+7dt  C
Convert it into the standard form to produce the following:
di 7T+ R,
— i) =
at " 7R =0

(d) Evaluate (1) at ¢ = 0" and substitute value of i(0%) which is given,
R

——-3+0=15
7+ R *

R =17.5Q
Transient lasts for 6.25s means 57 = 6.25s so 7 = 1.25s
T = R.,C
R, = 582
C =0.25F

y(t) = K1 + Kzefi
Ky =i(o0) =0

Ky =i(0") - K; =3
i(t) =3¢ T A

(f) The plot:



4
35F
sl
25T
<,
= \
15F
1 L
05F
0
1] 1 2 3 4 5 3]
time(sec)
Matlab code:
syms t
y = piecewise(t < 0, 0, t > 0, 3.*exp(-t./1.25) )
fplot(y)

axis([-0.5 7 0 4])
xlabel("time(sec)’)

ylabel(i(t)(A))

Q 2. Simplify the circuit in the question,
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In steady state, inductors behave as short circuit.
Att=0",




3 6 V_0(0+)

Vo(0+) =12+ (2]]2) = 12V

3 [ V_0(0+)

Req = (2]2) + (6]|3) = 302

L 2
T = Req = —SecC
K1 = Vy(oo) = 0V
Ky = Vp(01) =12V

For t > 0,

Q 3. At t =07, capacitor behaves as an open circuit,
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Redraw the circuit and use loop analysis,
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(2+ 4+ 2)iy — diy = 0 (3)
Plugging (2) into (3),

il =2mA

For V.(07), take a path along + to — and add up voltages. Take precaution when dealing with
polarity,

V.(07) = —2(2) — 4 —2(4) = —16V

At t =07,
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At t = oo,



H—wW\—77 « e

i_o(0+)

Using nodal analysis,

Node 1:
Vi Vi—V, 3
4-107° =0
4000 + 2000 *
Node 2:
Vo V-V
2000 2000 "
Solving these equations simultaneously,
Vi=-8V
Vo = —4V
And,
' = = —2mA
io(00) = 3550 = ~2m
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Re, = (44 2)||2 = 1.5k

T:Req-C’:%sec

K1 = Zo(OO) = —2mA
Ky = ig(0%) — ip(00) = —8 — (=2) = —6mA
So,

20t

ig(t) = —2 —6e 3 mA

Q 4. Apply source transformation,
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At t = 07, capacitor acts as an open circuit,
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Vo(07) = 11(0.9) = 9.9V
V,(07) = (11-0.9) — 20(0.9) = —8.1V
At t =07,
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Loop 1:

Loop 2:

— 24+ 6iy + 11(iy —is) =0
17iy — 11iy = 24

2004 — 8.1+ 2ip+ 11(ig —i1) =0

Solve (7),(8) simultaneously,

— Tig +91; = 8.1
11 = 3.945A
19 = 3.915A

ia=1i1 —i» = 0.034
Vp(07) = 11(0.03) = 0.33V



At t = oo, capacitor acts as open circuit,

24

Vo(oo) = 15.5V
Next find the resistance of the circuit R4,
Voc
R., =
I ‘[SC

24
) V.

Vo) 11 § z§

\/i_A

) 24

4= —=

AT 7
24 24
=11-— —-20- —
Voc 17 0 17

Ve = —12.7V
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Loop 1:
— 244611 + 11(ig —i2) =0
1747 — 11ip = 24
Loop 2:
2004 + 219 + 11(i1 — 12) =0
20(1q —42) + 2ip + 11(ip —i1) =0
991 —Tips =0



Solve (6),(7) simultaneously,
11 =84
1o = I;e = 10.8

—12.7
= —— = —1.17Q
‘77108 ’

r=RC = —0.234
K, =155V
Ky, = —15.2V
So,
9.9V t<0
Vi (t) =
o(®) {15.5 —15.2¢42T >0

Q5. (a) Order = 2

(b) Apply source transformation, simplify resistors, capacitors and inductors.
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(c) Use potential divider formula to find voltage across 2€) resistor which is what the capacitors are

charged to,
Ve = % -35 =5.83V
(d)
1210(1) + Wﬁ / To()dt = 20 (8)
151,(t) + 1.43dIdL—t(t) — 20 (9)
(e) Find I-(0%) by evaluating first loop equation (11) at t = 0" and substituting V(01) from part
(c) to get,

I(07) = 1.184
Derivate first loop equation (11) and evaluate it at t = 07 and substituting I (0") to get,
dIc(07)

= —14.75A4s7"
dt ’
Find I (00) by evaluating first loop equation (11) at ¢ = oo and substituting Vi (o0) = 20V to
get,
]C(OO) =0
Derivate first loop equation (11) and evaluate it at t = co and substituting /¢ (c0) to get,
df
c(=0) = 0A4s7*

dt



Find I;(07) by ohm law,
I,(07) = 1.34

I(07) = I(0") since inductors do not allow instantaneous change in current. Evaluate second
loop equation (12) at ¢ = 0" and substitute I.(0") to get,

dI,(0%)

= 0.35As™"
dt ’
Find I (oc0) by ohm law,
Evaluate second loop equation (12) at ¢t = oo and substitute I7,(c0) to get,
df
L(%0) _ 354571
dt

Q6. (a) Order =5
(b) Inductor is shorted so both nodes at same potential, using potential divider find voltage across
10€2 resistor which is the value the capacitor is charged at. Capacitor does not allow instanta-
neous change in voltage so values at t = 0~and ¢ = 0T are same,

V3(07) = V5(01) = 141(07) = V4(0) = 6.67V

Inductor shorts the capacitor to ground. Capacitor does not allow instantaneous change in
voltage so values at t = 0"and ¢ = 0" are same,

Va(07) = Va(07) = 0V
I,(0—) = I3(0+) = 0A (Open circuit, capacitor is fully charged)
I,(0—) = 1,(04) = 0.67A (Ohm’s law)

(¢) The three nodal equations that describe the circuit at ¢ > 0,

2d‘(/ilt(t) N Vl(t>1_ov2(t) +%/(V1(t) CVa(t))dt =2 (10)
2d‘§t(t) I ‘/2(75)1_0‘/1@) —i—é/Vz(t)dt:O (11)
s / (Va(t) = Vi(t))dt = 0 12

(d) Evaluate first node equation at ¢t = 07 and substitute V1(07) and V5(0") from part (b) to get,
dvi(0%)

———2 =0.67Vs"!
dt °
Evaluate second node equation at t = 0+ and substitute V3(0") and V5(0") from part (b) to
get,
dV,(0F
2(07) =0Vs!
dt
Derivate second node equation and evaluate it at ¢ = 0™ and substitute dvld(?ﬂ and dVQd(?ﬂ,
d*Vy(0F
dVo07) _ () 35y
dt?

Derivate third node equation and evaluate it at t = oo and substitute V;(c0) and V3(o0) (both
will be 20V) to get,
d*Vs(o0)

0 =0Vs!



