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EECS / CSE 70A Midterm Exam #2
SOLUTION KEY

DO NOT BEGIN THE EXAM UNTIL YOU
ARE TOLD TO DO SO.

Print your name on all pages.

Write your solutions in clear steps with
concise explanations.
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PROBLEM 1: (25 points)
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(@) Find the output voltage v, in terms of V, and V..

(b) Calculate v, , i;, and i, when V, = 8V and V, = 12V.

Solution:

(@) Ideal op-amp has V_ =V, and there’s no current into or out of the -/+ terminals.

V_-V, V_-y, N_-3v;
+ =0 = vy=—-—7-—
40kQ  30kQ 4

KCL at - terminal of the op-amp

KCL at + terminal of the op-amp V.-V, V, -0V _ _

+ =0=>V, ==V,
(you can also apply voltage 1002 20002
division, since no current flows
through + terminal)

14

—V, -3V,
. 3 3 7 3
Using V.=V, Vo=—"———= sz 2
) ) ) 7 3
(b) Substitute V, and V, in the equation above: Vo = ¢12-78=8V
2 V.-V ViV,
Vo=V, =2V, =8V =L =0A 2 =500
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PROBLEM 2: (25 points)

;
18v(E) —

120 = 6H§ v,

(a) Find the current through the inductor i, (t) for t > 0.

(b) Find the voltage across the inductor v, (t) for t > 0.

Solution:
()
Initial state:
whent=0"

, di, :
% 9Q vp=L—= att=0 O:jlzo

18VC> v (07)=0v

(

teq

18V

)

)
by
2A

5
12@%

The current across the inductor is continuous i, (0+) =i (0_)

uj
@
=
S
N—
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Transient response:
whent >0

b
1205 6H

Stored energy in the inductor discharges
through dissipation at the resistor. The current
decays exponentially with the time constant

L 6H

7=—=—-=05s
R 120

ID no.:

Steady-state response:

ast— oo

di,
— =0 VL (00) =0V
dt _
The voltage across the resistor tends to zero,

therefore, with respect to Ohm’s law, the
current also tends to zero

v (oo) =0V

oo
12Q ll() .

Plugging i_ (O*), i («0),and z in the following formula

Complete response = Steady-state response + Transient response

iL(t)zi,_(oo)+[i|_(0+)—i|_(oo)Je;, t>0

i (t)=2¢" A t>0
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PROBLEM 3: (25 points)

Rz
Vg (t)=3003(a)t_%j é? L g_l_f?
V

Find the following in terms of L, R, and w:
(a) the voltage phasor V that corresponds to the voltage across the inductor
(b) the current phasor I that corresponds to the current through the inductor

Answers in either polar/exponential form or rectangular/Cartesian form will be accepted.

Solution:

(a)

T
_jE
Vg (1) :SCos(a)t—%j:VS =3 6

By voltage division
. _ joL
iz " R+joL ° i
Vg =3 6 d J : i3
S = joL=wle 2
In exponential form, using . : > jran-iet
R+ joL=4/R"+(wL) e R
(7 1ol (7 1oL
V- 3wl eJ[fEJrE—tan ?J _ 3wl ej{gftan ?j
R% +(wL)? R% +(wL)?

In Cartesian form

ol - ja)L(R—ja)L)S(cos(Zj—jsin(ZD

“RejoL * R?+ (L)’
joL (R~ ij)S{\/j—j;J = =
. _| et . {3R+—3ij+j(—3R-3a)LJ
R? +(wL) RZ+(oL) [\2 2 2 2
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(b) V=(joL)l

Starting from the exponential form V'

(7 _1oL
3wl 1(3‘“"” le

Starting from the Cartesian form V'

%L{(m%} ,-[fBR_la,LH
2

LV CRZ4(eL) 2 2 2 )
_ja)L_ joL -

—#[[QRECOLJ j{lmﬁmﬂ
RZ+(wL)’ [\ 2 2 2 2
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PROBLEM 4: (25 points)

4 H 5kQ
ao ob

1puF

(a) Find Z, (), the equivalent impedance between terminals a-b as a function of the angular
frequency w.

(b) Give Re{Z (w)}.
(¢) Give Im{Z (w)}.

(d) Find the value of w at which Im{Z_(w)} = 0.

Solution:
(a) Loy = ja)(4H)+%+5000Q: 1 lx(j)* B lx(—j) -
jo(10°F) R
Iojx(j)y Ix(=1) 1
= j4w— j———+5000=
107w
6
_ 5000+ j(4w_£]
[0
. 106
(b) Re{Z,|=Rei5000+ j| 4o—=— |; = 50000
w
: 10° 10° ® 106
(c) Im{Zeq}—|m{5000+1[450—?}}—460—;—4("6@.81}—( —— 0
rad~s‘1)
(d)  IM{Zef=0
6
4w—£=0
[0
6 6 3
a)zz%, a)z,/%:%:SOOrad/s

Page 7 of 8. Printed on 6/1/2016 12:49 AM



EECS/CSE 70A Spring 2016 Midterm Exam #2  Name:_Peter the Anteater

May 26" 2016, 11:00 am to 12:20 pm ID no.:

Professor Peter Burke

Exam cheat sheet

This will be provided with the exam.

radians : ] X L

5 Al Al als ad ad ]
=i 3 ] ) p3 p3
s ¥ -*'—_,_" ‘—,? ¥l -”‘—:_' |
(7 A ] £ S
tarn o L Yo = DNE i
vl Wid . Wl

where /- always denotes the positive square root, and DNE means does not exist.
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