ENGR 12

Final Exam SOLUTIONS

Open book, open notes, and use of a laptop equipped with Freemat is allowed.

1) Find the Thevenin equivalent of the circuit at a-b
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The mesh current equations are:

— 40 + 20007, + 20,000(4; — 43) = 0
5000z; + 50,0003 — %) + 20,0005, — ¢1) = 0
50,000(se — 73) + 10,000z, — 30ip) = 0

The constraint equation is:
A =1 — %

Put these equations in standard form:

£1(22,000) + 35(—20,000) + 4.(0) + 7 (0) — 4
£1(—20,000) + 45(75,000) + 4..(—50,000) +i4(0) = O
£1(0) + 15(—=50,000) + 74,(60,000) + ia(—300,000) = O
2(—1) + 22(1) + 4..(0) + (1) = 0

Solving, t1 = 13.6mA; 23 =12.96 mA; ¢..= 14 mA; <a = 640uA

280
R, = 0014~ 20 kQ

14mA D 220k0)

Finding Rth using a test source: apply 1V source at V3 or Vth. Find io

1) V1/2 +V1/20 + (V1-V2)/5 =0

2) (V2-V1)/5 +V2/50 + (V2-1)/10 +30id =0

id =V1/20 so swap 1.5V1 for 30id above

3) io =1/40 + (1-V2)/10 — 30id = 1/40 + (1-V2)/10 - 1.5V1

Rearranging
1) 15V1-4Vv2=0
2) -10V1+16V2 +75V1=5, 65V1+16V2=5

(freemat) V1 =.04,V2=.15, therefore io =.025 + (.85)/10 - .06 = 0.05 mA,

so Rth=Vo/lo=1/.05=20k Ohms



2) The switch has been closed a long time before opening at t=0. Find

a. io(t) b. vo(t)
t =0
3000 T -
| 500 0 an)+ |
80V Uo(l) —7~40 nF

2.5 mH _ ‘

P 847 J[a] t< O

i, = % = 100mA; v, = 500, = (500)(0.01) = 50V
= O
R 500
- - T _—10°rad
T oL T 225 x 10°9) rad/s
2 1 1

W = 100 x 10°

° = LC ~ (2.5 x 10-3)(40 x 10-9)
ot =w. .. critically damped
2,(t) = Dyte 1% 4 Doe—10%

i,(0) = Dy = 100mA
d.,
dt

(0) = —O.’Dg —+ Dl =10
Dy = 10°(100 x 10~%) = 10,000
io(t) = 10,000t¢ 1 + 0.1 12 A, > 07

[b] vo(t) = Dste™'""* 4 Dye '

v,(0) = Dy = 50
dv,
C o (0) = -0.1

OR,

Vo(t) = 500 lo(t) + 0.0025 dlo(t)/dt
dlo(t)/dt = 10000t (-1075)exp(-1075t) + 10000exp(-1075t) + 0.1(-1075)exp(-10/5t)
=-1019 t exp(-1015t) + these two terms cancel out!
so Vo(t) = 500 (10000t)exp(-1015t) + 50exp(-1075t) — 25x10/5 t exp(-1075t)



500 (10 00017090 ¢ 4 0.1 ¢7107900¢) _ 2.5 108 ¢~ 100000 ¢

= 250000t exp(-100000t) + 50 exp(-100000t)

P08 [a] —— = —j406)  jwLl =800
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Zag =40|| — 740+ 7804 60 = 80 4 6002

w0 =032—-50244

=30+ 560
3, = —%VQI; = —%40(0.32 +50.24) = —6.4 — j4.8VA
P=64W(del), Q=48VAR(del)
18] = |8, = 8VA
b =22 1 —004-j0084

~ 40— 740
1

Pion = | Lif*(40) = 16 W
1

Pron = =|L[*(60) = 4.8W

S Piw=16+48=64W =5 Fu,
[C] I—j-i[.‘lﬂ = IQ - Ii = UQS-FJUU%LA.

1
Q—sdon = §|I_j¢m,»;|2(—40) = —1.6VAR (del)
&sson = %|IQ|2(80) =64 VAR (abs)

Y Que =64 —16=48VAR =S Quu
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1
V, =4/0°V = —j20k!1

Let ¥V, = voltage across the capacitor, positive at upper terminal

Then:
vV, -4V, '
& +— + =0
20,000 T —;20,000 ' 20,000
-V, 0-V, v,
30000 " 10000 ~ O YeT @

V,=—-08+4704=089/153.43°V

uo = 0.39 cos(200¢ + 15345V

V.=({16—-308V



2) The switch has been closed a long time before opening at t=0. Find
a. io(t) b' Vo(t)

Sm‘;s_él it) *

v,(f) =~40 nF

2.5mH




3) Find the average power, the reactive power and the apparent power supplied by the voltage
source in the circuit if vg = 40cos(1000000t) Volts (this is magnitude, not rms).

40 ()

80 uH

60 ()




4) The sinusoidal voltage source Vg = 4cos(200t). If the op-amp is ideal, find the output voltage Vo(t)

10 k€2

20 k(2 20 k€

—=250nF 3 33 k()
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