EE 215 Fundamentals of Electrical Engineering Spring 2010
Problem #7 Solution
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Find the current from the voltage source by combining the resistors in
series and parallel and using Ohm'’s law:
40
14(07) = ——————— =20mA
o(07) (1500 + 500)
Find the branch currents using current division:

2000

11(0_) = M(OOZJ = 5mA
6000
i2(07) = 5555(0.02) = 15mA

[b] The current in an inductor is continuous. Therefore,

i1(0%) = i,(07) = 5mA

i5(0%) = —;(07) = —5mA (when switch is open)
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[d] ix(t) = —a(t) when ¢ > 0%
i(t) = __5p—20.000t mA. ¢t >0+

[e] The current in a resistor can change instantaneously. The switching
operation forces i3(07) to equal 15mA and i3(0%) = -5 mA.
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10,200
~ 10,200 + 1800

v,(0) (—120) = —102V

t > 0:
+ +
=102V F(10/3)uF v 2 12k0)

1
7 =[(10/3) x 107%)(12,000) = 40 ms; - = 25
v, =—102e"'V, t>0
v2 L
p=-—2—" =867 x 103" W
12,000
12x10-3 Y .
Waise = [J 867 x 103~
= 17.34 x 1073(1 — e=50012x107) — 7894 ;]
1\ /10 .
[b] w(0) = (E) (?) (102)* x 107° = 17.34mJ
0.75w(0) = 13mJ
to - .
/ 867 x 10~%e~5% dy = 13 x 10~
0
1 — e e = .75, e =4 so t,=27.73ms
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0(07) = ——————(40m) = 24mA
o07) = Gono 4 o0p 10) = 24m

v,(07) = (3000)(24m) = 72V
i5(07) =40 — 24 = 16 mA
(Rl -

5(07) = (6000)(16m) = 96V
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[c] Wirapped = (1/2)(0.3 x 1079)(80)% 4 (1/2)(0.6 x 107%)(80)?

Wirapped = 2880 .

Check:

1 .
Wjs = E(0.2 x 107%)(24)* =57.6 )

1 —6 2 1 —Gy (o2 -
w(0) = 5(03x10 )(96)% + 5(0.6 x 1079)(72)? = 2937.6 .

Wtrapped + Waies = W (0)

2880 4 57.6 = 2937.6 OK.
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ip =ip(o0) + [ir(0F) —ip(o0)]e™/”

=24 (=542 = 2 3N >0

v, = 160, + 80 = 16(—2 — 3e %) 1 80 = 48 — 48"V, t >0
di . ; oo <
[b] vr = LEE = 45 107(=5000)[-3e 75 = 60e=*0 Y, ¢ > 0F

0 (0%) = 60V
From part (a) v,(07) =0V

Check: at ¢ = 07 the circuit is:

40 53 16Q
Wy (<) A
+ v 0+) -
40v() v 0+) 80V

o (0F) =40 4+ (5A)(4Q) =60V,  1,(07) =80 — (16Q)(FA) =0V



P 7.56 [a] Use voltage division to find the initial value of the voltage:
9k
9k + 3k

[b] Use Ohm’s law to find the final value of voltage:

'L’C(O_'_) = Ug = (120) =90V
ve(00) = vgor = — (1.5 x 107%)(40 x 10%) = =60V

[c] Find the Thévenin equivalent with respect to the terminals of the
capacitor:

n = —60V, R, =10k 4+ 40k = 50k(2
7= RmC = 1ms = 1000 us
[d] ve = v:(00) + [0.(0F) — va(00)]e /"
= —60 + (90 +60)e %% = _60 + 150e 1"V, >0

We want v, = —60 + 150e~100% — ()
In(150/60)
1000

0o(07) = 1,(07) =40V

Therefore = = 916.3 us

Uo(00) =80V
7 = (0.16 x 1079)(6.25 x 10%) = 1 ms; 1/7 = 1000
v, = 80 — 40e 1000 t=>0
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ip(t) =271 =20 =2
ir(t)=2A 0<t<5s
bh<t< oo
\ift)
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5
ip(t) =2e7"2 At =55
P 8.2 [a}i(O)—E—T"mA
' R =500 T T

[b] «a

1(0) = —45mA
ic(0) = —iL(0) — ig(0) = 45 — 75 = —30mA
L 1

9RC ~ 2(200)(0.2 x 10-6)
, 1 1

2 = — — — 108
LC (50 x 10-3)(0.2 x 10-6)

= 12,500

w

812 = —12,500 & V' 1.5625 x 108 — 108 = —12,500 4 7500
s, = —5000 rad/s; so = —20,000 rad/s

v = Ae000 | A —20.000¢

'U(O) =A;+A, =15

dv —30 x 10~*
0) = —5000A4; — 20,0004 = ———
ar (0) = —500041 = 20,0004 = 5575

Solving, A; =10; A, =5

=—15 x 10*V/s
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c] ic = C

dt
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vr = —16,0004, + ir(15,000) = —16,000—

—ir(30) 45, (15,000)

T — 10,000 + 15,000 = 25 kO
.

4000
F— 75 = [ =
o 5000(;.0] 6V: I,=0
i6(0) = —in(0) — in(0) = ——>— = _240 A
TR K= 795000 H
ic(0) =240 x 10-°
— = —60,000
C 4 x 1079 '
oo 0 s, = 4000 rad/s
Yo T LC T (4)(15.625) T
1 10°
y = — = 5000 rad
“T3RC T (2)@)(25 x 107) rad/s
o? > Wi so the response is overdamped

$12 = —5000 £+ V50002 — 40002 = —5000 + 3000 rad/s



Dy = Aye—2000t 4 A o—8000¢
1,(0) =A; + A, =6V

dv,
dt

(0) = —20004; — 80004, = —60,000
A =-2V, A; =8V

Vo = 8eT — 2072V >0



