EE233 Autumn 2016 Electrical Engineering University of Washington

EE233 HWO Solution

Sept. 28"

Due Date: Oct. 3™

1. Find the Norton equivalent with respect to the terminals a, b for the circuit in the

following figure.
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R, =8+ =160

The Norton equivalent circuit is:

2. The op-amp in the circuit below is ideal.

a) Calculate v, when v, equals 4V.
b) Specify the range of values of v, so that the op-amp operates in linear mode.

c) Assume that v, equals 2V and that the 63Q resistor is replaced with variable

resistor. What value of the variable resistor will cause the op-amp to saturate?
63 ki)

30 k)

Figure Problem 2

Solution

a) The first step is to find V, which denotes the voltage at the positive terminal of

g 3BKQ ) _q
36kQ +12kQ

Now, we know V_ will also be 3V and no current flows into it. So all the current

opamp.

flows through the 30kQ resistor.
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i =0.1mA
30kQ

Then,
V, = (0.1mA)(63kQ2) +3V
V, =9.3V
b) The opamp output cannot go above or below its supply power rails. We need to
find the corresponding input voltages which can easily be done if we know the

relationship between V, and V,.

V( 36k ][1+63KQJ=VO
91 36kQ+12kQ 30k

2.33V, =V,

So, when V, =12V, V, =5.15V and when V, =-12V, V =-5.15V
c)

2 36k 1+ R V =12V
36kQ +12kQ 30kQ

1.5 +ﬂv =12V
30kQ2

R =210kQ

3. The three inductors in the circuit below are connected across the terminals of a black

box at t=0. The resulting voltage for t>0 is known to be v, =2000e"*'V
Ifi,(0) =—-6A and i,(0)=1A , find

a) i,(0)

b) i, (t),t>0

¢) i(t),t=0

d) i,(t),t>0

e) the initial energy stored in the three inductors
f) the total energy delivered to the black box
g) the energy trapped in the ideal inductors
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Figure Problem 3

Solution
a) 1,(0)=-i,(0)—i,(0)=6-1=5A

b) The equivalent circuit becomes

1, _
-1
Leq=4H l 2000e Vv
+
So,
. 1t ~1007 —100t
|0(t)=—zj02000e dr+5=5e"At>0
c)
1 1 v -100t
TIH /rzm ¢ v =2000e" V
+ 3.2H +
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Va (t) = 3'2(_5006_100t) [\/] = _1600e—100t [V]
Vc (t) = Va (t) + Vb (t) = —160067100t —+ Zoooe*loot [\/]
— 400e—100t [\/]

i(t) = %j; 400e7%7( 7 —6 = —4e _2[A],t >0
d)
i, (t) = % j; 400607 +1=—e ™ + 2[A],t >0
e)

1, ,0 1 .1 )
w(0) =§(1)(6 )+§(4)(1 )+§(3-2)(5 )=60[J]
f)

Wy =5 (4)(5") =5003]

g)
W, =60-50=10[J]

4. After the circuit below has been in operation for a long time, a screwdriver is
inadvertently connected across the terminals a, b. Assume the resistance of the
screwdriver is negligible.

a) Find the current in the screwdriverat t=0" and t=o0.

b) Derive the expression for the current in the screwdriver for t>0".
- 1

0.5 0

100 uF

Figure Problem 4

Solution
a) At t=0", the voltage on each capacitor will be 150V, positive at the upper terminal.

Hence,
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v T
"ﬁ§“-zn 150V +100UE
5A (1) =3elily -
+
J/ 150V T 18 ; $0.50
i - A
150 150

So, iy (0")=5+—+—-[A]=1055[A
5 (0) =5+ 2+ A1 =105(A]

Also, at t =00, both capacitors will have completely discharged.
S0, iy () =5[A]
b)
i (1) =5+i (t)+1i,(t)
and 7, =0.2(10°) =0.2us
7, =0.5(100x107°) =50us
So,
i, (t) = 7506 4 [A],t > 0"
i, (t) = 300e ™ [A],t > 0"
i, (t) =5+ 750e >4 + 300e 2 [A],t > 0"

5. The switch in the circuit below has been in position a for a long time. At t=0, the

switch moves instantaneously to position b. Find
a) v,(0)
b) dv,(0")/dt

c) v, (t) fort>0"

300 mH

+
40V 78125 HFT v, (f) 20V o

Figure Problem 5
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Solution
a) At t<0,
The circuit is:
4k0) 6k ) i407)
M — e
| '
.+.
a0v(%) v(07) v 07) (Mezov
|-
So,

. 60
1 (07)=———=6[mA
.(0) 20000 [mA]

v.(07) = 20 - (6000)(0.006)[V ] = ~16]V]

At t=0",
The circuit is:
il
3k
- v + i
L ;0
AN Y S
+ - 6k} + EI.BH
v 16V T781.25nF + A C)Z[h.,r
€ vél] J
+
So,
v,(0") = (0.006)(2000) -16[V]=12-16[V]=—-4[V]
and

v (07)=20-(-4)V]=24[V]
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b)

v, (t) = 2000i_ () +V, (t)
v, (0) _ 5000 al®) , 40
dt dt  dt

1V,(07) _ 500 Fa(07) , 0V.(0°)
dt dt dt

di_(0%)
dt
60 Jin(0) _ v, (07) _ 24

=22 _48[A/s]
dt L 05

dv,(0) . .
dt _Io(o )

v (07)=L

and C

Hence,

dv,(0")  6x10°
dt  781.25x10°

dv,(0%)
dt

=7680

= (2000)(48) + 7680 =103680[V /]

o = % =2.56x10°, 50, =1600[rad /s]

0

o= R =2000[rad / s]
2L

since &’ > w’, overdamped
So,

s,, =—2000+ j1200[rad /s]
then,

v, (1) =V, + Al'e—soot + A'Ze—szom

Vi =V, () = 20[V]

20+ A +A =—4

~800A —3200A, =103680

Hence,

A =11.2,A,=-35.2

v, (t) =20+11.2e% - 35.2e ™ [V],t > 0*

University of Washington
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2+2]
1-2j

6. Calculate the following complex number: (1-3j)+

Give answer in both Cartesian (rectangular) and angular (polar, magnitude and phase)
form.

Solution

2+2]

1-2j

2+2] 1+2]
1-2j 1+2j
=1-3j-0.4+1.2]
=0.6-18j
=1.89/-71

@a-3j+

=(1-3j)+



