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Q 1. Analyse the circuit at t =07,
V.(07) =10V
Since capacitor does not allow instantaneous change in voltage,
V.(07) =10V
Form a differential equation,
1
6i(t) + c / i(t)dt = 40e " u(t)
Taking its derivative,
di(t) 1 10
1) = ——e tu(t
it T osstg )T gl u)
The forms of the particular and the complementary solution will be:
Complementary solution i.(¢) (form a characteristic equation):

s+05=0
s=-0.>5

Hence,
’Lc(t) = K16_0'5t

Particular solution 4,(t) (will have the form of the excitation):

Zp(t) = ng_t
Lets start by finding the particular solution, substitute 4,(¢) in the differential equation,
di,(t) , 40 _
Zt +0.50,(t) = 5 ¢ t
—t —t —40 —t
—Kye " +0.5Ke " = < ¢ u(t)
—40
—0.5K26_t = Te_tu(t)
Ky =13.33

So,
i(t) = Kie %" +13.33¢ 7"
Using the initial equation we get that,
V.(t) = 40e~" — 6i(t)
Substitute the expression for i(t),

Vo(t) = 40e™" — 6(K e %% 4+ 13.33¢7")



Solve at t = 0T,

K, =—-8.33
Finally,

i(t) = —8.33¢7 %% 1 13.33¢™"

Q 2. (a) Nodal analysis,

C c 1
Cdv+v+z/vcdt:0

d "R
For %?ﬂ evaluate equation at t = 0T,

dV.(07) Ve I

i ~ RC C
—-124 2
— _ B0 evs
24-0.5 0.5
(b) Derivate the equation to get,
PV,  1dv. V.
“a Tra T
Ve 1 dVe Vo
+ == =0
at?  RC dt = LC
Ve 1dVe 1,
a2 12dt 5
(¢) Form a characteristic equation,
1 1
2 _— _ =
5+ % + 5 0
51 = —0.04 + 0.44]
s9g = —0.04 — 0.445
(3
® > wl
! R
4 {3
. ‘w2

Vo(t) = (K, cos(wt) + Ky sin(wt))e”
Where,

oc=-0.04
w = 0.44



Q3.

(o signifies the decay and w is the frequency of oscillation)

Vo(t) = e %K cos(0.44t) + K, sin(0.44t))
dVe(t)

— = —0.04e™ " (K| cos(0.44t) + K, sin(0.44t))

+ e 004 (0,44 K, sin(0.44¢) + 0.44K5 cos(0.44t))

Substitute V,(0%) and % when evaluating these equations at t = 07,

K, =129
Ky =—25

Vi(t) = e 091(12.9 cos(0.44t) — 2.5sin(0.44t))V ¢t >0
1297V t<0

15

V(H)V)

-15 : : : :
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MATLAB code:

syms t

y = piecewise(t < 0, 12.9, t >= 0, exp(—0.04. xt). % (12.9. * cos(0.44. x t)) — 2.5. % sin(0.44. x t))
fplot(y)

axis([-10 40 -15 +15])

xlabel("time(sec)’)

ylabel("V,(t)(V'))

(a) Att=0",
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For V., notice that the capacitor is in parallel with 3.502 and 4.5¢) resistors. The 1.5¢) resistor
is redundant as it is in series with the current source.

V.=1IR
34-45
(200-1077) - = 0.30V
For I, use current divider or simply ohm’s law,
V; - [LR
V. 0.39
Ip=—==—-—=0114
L=R =35
So,
V.(07) =039V, I.(07)=0.11A
(b) At t=0",
3.5
M\

N

2 “— V.C E
- 0.5

Loop equation:

1 i,
— | Ldt+I,R+L=E =0 1
C/L + IR+ L (1)

For dILCl(f+),

Evaluate (1) at 0, (note that V.(07) = V.(0") and I,(07) = I.(0™)),

dI;(0T)
dt

= 0.01As"!

—0.39-+(0.11 - 3.5) + 0.5

('][L (()+>
dt

=0




(c) Take derivative of (1),

I, dly, d*Ip,

L &L —
o Ty T =0
d?I; dly,
T— 4+ 1 =0
a gt
$$4+T7s+1=0
81:—0.15
82:—6.85

Notice that the roots are real and distinct (Over-damped),

[L(t) — K16—0.15t + K26—6.85t

Use I,(07) and U0 4 find K, and K,

dt

So

K, =011 K, = —-0.004

0.06A t=4

0.11e7015" — 0.004e 76854 0 <t <4
I,(t) =

(d) Fort >4

2expl-t)sin{2t)

\—J
0.8
i [
| | 1
0.5 0.5
AN LYY

0.592 is redundant as it is in series to the current source.

Loop equation:

dly,

1
0.5— + 2(I;, — 2e~"sin(2t)) + — / (I, — 2e~"sin(2t)) = 0

dt?

Iy,
dt?

0.8
dIy,

+4—= +2.51; = 3¢ "'sin(2t) — 16" cos(2t)

dt

For 424D Fvaluate (3) at t=4,

dt

(e) Refer to Equation (4)

dI;(47)

= 2(—21I1(4) + 4e *sin(8) + 0)
= —0.22A57"



yp(t) = [Acos(2t) + Bsin(2t)]e”"

dy,(t
—ygi ) = e '[-2Asin(2t) + 2B cos(2t)] — e "[Acos(2t) + Bsin(2t)]
d?y,(t

g;( ) = 4Ae "sin(2t) — 3Ae " cos(2t) — 4Be~" cos(2t) — 3Be " sin(2t)

Substitute in (4),

sin(2t)e "[4A — 3B — 8A — 4B + 2.5B] + cos(2t)e '[-3A — 4B + 8B — 4A + 2.5 4]
= 3¢ "sin(2t) — 16e~" cos(2t)
So,
A =1.66
B=-214

I,(t) = [1.66 cos(2t) — 2.14 sin(2t)]e”"

s+ 4s4+25=0
s = —0.78
S9 = —3.22
Roots are real and distinct(over-damped).
L(t) = Kye 0Tt | o322
Combine the complementary and particular solution to find K; and Ko,
(1) = Le(t) + I,(?)
Ip(t) = Kie %™ 4 Kye % 4 [1.66 cos(2t) — 2.14sin(2t)] — e *[1.66 cos(2t) — 2.14 sin(2t)]
Use I,(47) and 229 t6 find K, and Ko,

dt
K, =—-0.03
Ky = 14455

I.(t) = —0.03e7 7™ 4 14455 % A

0.11A t<0
L(t) = 4 0117015 — 0.004¢655 4 0<t<4
—0.03e7 %78 4 144557322 4 [1.66c0s(2t) — 2.14sin(2t)]etA ¢ > 4
Plot:
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Matlab code:
syms t
y = piecewise(t < 0,0.11,¢t <= 4,0.11. x exp(—0.15. x t) — 0.004. x exp(—6.85. x t),t > 4,
—0.03.xexp(—0.78.xt) +14455. x exp(—3.22.%t) + (1.66. % cos(2.xt) — 2.14.x sin(2.xt) ). xexp(—t))
fplot(y)
axis([-1 6 -0.2 +0.2])
xlabel("time(sec)’)
ylabel("I1(t)(A)’)

Q 4. Information given:

v(0) = 10V
i(0) =0
L=01H
C=001F
£ W un
2VX fiﬁih EL ¢
N I\
C
1
2 . 4
K3 g
L:ﬁa-;;

Using KCL, write currents at node 2:



iy 4 iy = 2ig

Ly = lg

Write nodal equation at node 1:
Vg
2
dv v
C— — 2 +i,=0
a2t
dv v,
00l— - —+1i, =0 1
Tl +1 — (1)

Qg — = 4y, =0

Write nodal equation at node 3:
Vg
9+ % g
} 1y + 5
20— 41, +v, =0
Uy = diy — 21 — (2)
Substitute (2) in (1),

dv

.01
Oodt

+i—1i, =0—(3)

Write KVL around loop 1:

v—uor+v,=0

p
U—Lé+4%—%20
di . .
=~ 100 =407, +20i =0 — (4)

Write KVL around loop 2:
2vx—vm+vL+1iI:O

d
oo+ LY i =0

dt

di
44, — 21 A— 414, =
) 1+ 0 dt—H 0
53 2'—|—01di 0
iy — 20 1— =

dt

Solving for i,
di

. = 0.47 — 0.02— 5
i i dt—)()

Put 7, from (5) in (3),

dv di
01— +7—1(0.47 —0.02—) =
0.0 dt+l (0.44 Oodt) 0
dv di
bk L9 —

i +60¢ + i 0— (6)

Put 7, from (5) in (4),
di

di
— — 10v — 40(0.47 — 0.02—) 4 207 =
o Ov — 40(0.4i — 0.0 dt>+ 0i =0

y
OBé+OM:v—MU



Put v from equation (7) in (6),

d di di
—[0.18= + 0.45 42— =

ap 018 gy 04002 =0
d?i di )

5 T 13330 4333330 =0 > (8)

This is the differential equation for current.
Characteristic equation:

s° +13.335+333.33 =0
The roots of this equation are:
$12 = —6.67 £ j17
From this, a = 6.67 wg = 17. so,
i. = e %" Acos(17t) + Bsin(17t)]

Since the equation is homogeneous and has no forcing function, the particular solution, 7,=0
The total response is:

i(t) =ic+ iy
i(t) = e %A cos(17t) + Bsin(17t)]
When t=0,
i(0) = €"[A cos(0) + Bsin(0)]
A=0
Now total response is:
i(t) = e *" Bsin(17t)
Differentiate both sides:

dzd(tt—) = —=6.67¢ """ Bsin(17t) + 17Be”* " B cos(17t) — (9)
di(0
From Equation (7), find th >:
0.1802(1?) +0.4i(0) = v(0)
di(0)
A8—— 4(0)=1
0.18 7 +0.4(0) 0
di(0)
T 55.56
Put this in (9),
% = —6.67¢ %7 Bsin(17(0)) 4+ 17Be %) B cos(17(0))
di(0)
=178
dt ’
B =3.27

Finally, the equation for the inductor’s current is:
i(t) = 3.27e” % sin(17¢)
Now, find out v(t). From equation (7):

di
t) =0.18— + 0.4¢
v(t) o +0.44



Find di/dt from i(t):

di(t - :
Zd(t)i = 3.27( — 6.67)e 0" sin(17t) + 3.2717e 55" cos(17t)

= —21.82¢ %" gin(17t) + 55.59¢ 567 cos(171)

Now solve for v(t):

v(t) = 0.18[—21.82e %" gin(17¢) + 55.59¢ %™ cos(17t)] + 0.4[3.27e 00" sin(17t)]
v(t) = e 557 (10 cos(17t) — 2.62sin(17t))V



