EE/TE2008 Circuits — Part 1 — Tutorial Solutions (Prepared by Ben M. Chen)

Solution to Tutorial Set 2

Q.1

Voltages across inductor

i(1)
v, (1) = 5d0"l—§t) T§5H

Gradient 0
Gradient 2

'GradientO
0 1 2 3 4 5 ¢t (ms)

v (1) (V)

10 |---

0 1 2 3 4 5 ¢ (ms)

dv.(t)

it)y=cC T

ve(t) T —c¢

[ilshs=] € ) ase [ Cav (s HEve (V=Clre (). (0)]

15



EE/TE2008 Circuits — Part 1 — Tutorial Solutions (Prepared by Ben M. Chen)

ve (v, (0)% [[i(s)ds

initial voltage at t:O]-r%[area under i(¢) from 0 to ¢]

For this problem:
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Q.2

(a) Voltages and currents fort <0

With the source being a dc one and taking the switches to be in the positions
shown starting from ¢ = — o, all the voltages and currents will have settled down
to constant values for practically all ¢ < 0:

200 6

4 \‘ N o/r
dizlt(t) 0 2%;”=0
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(b) Voltages and currents at t = 0 (just after the switches are thrown)

Since the voltages across capacitors must be continuous, v,(0) and v,(0) must
have the same values before the switches are thrown:
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STCD |M|T——1 v2(0) = 0|T N
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200 1(0)
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(c) Voltages and current for t > 0

200 i 6
AN o AN -
dv, (1) dv,(t)
dt dt
10wl =
From KCL and KVL:
i =2dv;]t(t) =_d\;£t)
vi(t) = 6i(t) — v, () =0
Eliminating v,(¢) and v,(¢):
di(t) i(t)

alt)  dile) dvy(0 N dile)
o a T a =(_1_ )l(t)_6 dt

dt
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Solving this homogeneous equation:

i(t)=ke 4,t>0

Applying initial condition:

t

5 5 =
i(0)=k=g = i(t):ge 4.t>0
Solving for v,(z) and v,(1):
dv(t) 5 4 10 %
cllt =—1(t)=—ge 4 = vl(t)=k1+?e 4
10 5 5 10 4
v1(0)=k1+?=5 = klzg = Vl(t)=§+?e ,120
5 10 - Lt 5 5%
Vz(t)—vl(t)—6i(t)=§+?e 4 _5¢ ¢4 Zg—ge 4120

(d) Voltages and current waveforms
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Q.3

(a) Voltages and current and energy stored for t <0

With the source being a dc one and taking the switches to be in the positions
shown starting from ¢ = — o, all the voltages and currents will have settled down
to constant values for practically all 7 < 0:

140 o
«—
—e— " @ ® NY\
v L i@
10 Ten  rd

i(t)=%2

10 n xSl

Energy stored in inductor =

(b) Current at t = 0 (just after the switches is opened)

Since the current in the inductor must be continuous, i(0) must have the same
value before the switch is opened:

i(0)=%2

10 om0 =2
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(c) Current for t > 0

di(t)
L=
@

S Y

L

1O #$|mm - fmm

-
dilt dilt R +R
L i)+Rli(t)+R2i(z)=o = ;Et)+( IL 2)1'(:):0
_(RI+R2)t
i(t)=ke " & 7,120
N . _(R1+R2Jt
(0)=k=— = i(t)=—e " & 7,t>0
2 2
(d) Energy lost for t >0
2 R +R
VAR +Ry) 2|
Instantaneous power lost in resistors:(Rl+R2)i2(t):%e ( t ),tZO
2
I 2[R1+R2j i
= )| L2

R +R) _z[Rlsz}d _vz(R1+R2)! e _
R> ¢ TR '{_Z(RWRZM T2R)]
L 0

0 Vz(
Total energy lost = IO

From the conservation of energy, this must also be equal to the decrease in

energy stored by the inductor:
Li*(0)  Li*(0) LV

Decrease in energy stored by inductor = =
' gy y Indu 2 2 2R}
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Q.4

Time t <0

Time t = 0 just after the first switch is activated

Since the current in the inductor must be continuous, the inductor must be
carrying the same 32A of current just after the first switch is activated:

Time t >0 and t < 3 after activating 1st switch but before closing 2nd switch

i(2)
15d;—gt)l§15 5§Tv(t)=5i(t) §5
di(t) . di(t) i(s) N
15 0 +5i(t) =0 = 0 + 3 =0 = i(t)=ke 3,0<¢<3

t

i(0)=k=32 = i(t) =32e 3,0<t<3

t

w(¢) = 5i(£) = 160e 3,0<¢<3
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Time t =3 just after closing second switch

Since the current in the inductor must be continuous, i(¢) must be the same as
32¢7¥3 =32¢7' A just before closing this switch:

4[ Py \
i(3)=32
35 S S s

Time t >3 after closing second switch

4[ P \
i(2)
15d;—§f>l§1s 5§T S

di(¢) i(z) t
- = 1 = 6 <
” t =t 0 = i(t)=he 6,3<¢
1 t-3)

3
i(3)=he ©=32¢"" = h=32¢ 2 = i(t)=32¢"'e 6  3<¢

—

(¢-3)

W) =25i(¢) =80e e © ,3<¢

Voltage and current waveforms
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