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University of California, Berkeley Spring 2010
EFE 42/100 7 Prof. A. Niknejad

Final Exam (closed book)
Wede *+day, May 12, 2010

Guidelines: Closed book. You may use a calculator. Do not unstaple the exam. In order
to maximize your score, write clearly and indicate each step of your calculations. We
cannot give you partial credit if we do not understand your reasoning. Feel free to use
scratch paper but transfer your final answer to the exam.

Electron charge q = 1.60217646 x 10~%° C.

KCL: Kirchhoft’s Current Law states that the net current flow into a node (or super-node
or any closed surface) is zero.
-0

KVL: Kirchhoft’s Voltage Law states that the net voltage drop around any loop is zero.

S0

Power flow into a component: (positive means power is absorbed or dissipated.

P=1I.V
Ohm’s Law:
V=IR
or
I=G-V
where G = R™!.
Power dissipated in a resistor:
P=IPR=V?G
Resistors in series add:
R=R,+Ry+---
Conductances in parallel add:
G=G1+Gy+---
For two resistors in parallel, this implies
1
@=A+L
Ry R

When a chain of resistors are in series and connected to a voltage source, the voltage across
the kth resistor is given by the voltage divider forma

Ry,
Vi = Vit
T URi+ Ryt
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1. (15 points) Consider the following linear circuit consisting of a linear dependent
source and an independent current source.

(a) (5 points) Find the open circuit voltage V,. using KVL. Setup the node
equations by using the nodes A and B as shown.

kel @ A /UNK

Cr ey Wl g ]

2 - (c

U, = KVp = I (Va—Ve) v 2N
¢ . ( W V
; { k+1) Vo= k Va / 6? S
[ (k+1) Ve k BT
~ - L
\ lVg, T e VA Va\e= o
\  + Gy - L
Va(G2* 24 ) /
VA = -
G-,_,d' fe—4) ———— T ”-]
[M Vw» T Y2 7, £ Ly ]
PT T W e T e
.\ e T



X (%/

= I W .
Eﬁ é LL_] %/ 42 (o -%,:i:i— ;} :i: —<L SID:
Hi i 4 i -
v RN
“~ O\
(b) (3 points)Find the short circuit current (/). Hint: Try to reuse the above ﬂ? e
calculation. i
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(c) (2 points) Draw the Thevnin Equivalent circuit and label the elements using Vo,
and I,..
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(d) (2 points) Draw the Norton Equivalent circuit and label the elements using V.
and I,..

Tse(n or = Ku

/ EIN dsc

(e) (3 points) Suppose the circuit is modified as shown below. The dependent
source is replaced with an inductor. Using Phasors, find the Norton equivalent

impedance directly. You may express your answer using the series and parallel
operators.
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2. (15 points) Consider the following circuit with ideal diodes D1-D3 connected to DC
voltage sources. The op-amp is ideal and drives a load capacitor Cp = 1uF.
Ry = Ry = R3= Ry =1k. Suppose V; = -1V, Vo =2V, V3 =1V, and V;, = 1V and
that the capacitor Cx and (' are initially discharged.

in the circuit? Why or why not? _ (
O PLavts o RoOLE CIMCE
Cromn > BaPH EFP AEE
(b) (5 points) Use superpasition to calculate the V, as a function of Vi, V, Vs, and
Va.

_ v{/ V, | V{Av
V, = ( Z‘f) [,zi() + (;3 ‘r)[_ztz)

v () 4+

2y
l Dl ) l (a) (2 points) Which of the diodes are ON/OFF? Does the capacitor Cx play a role
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(¢) (4 points) Suppose that V; then it changes abruptly from —1V to 2V (step

function). Draw V, as a function of time. (Hint: What’s the circuit time
constant?)
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(d) (4 points) Suppose that the voltages are again Vi = —1V, V3 =2V, V3 = 1V,

and V, = 1V and then suppose that V; changes abruptly from 1V to OV (step

function). Draw V,, as a function of time. (Hint: What’s the circuit time
constant?)
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3. (15 points) The circuit shown below has a capacitor C' which is initially discharged
and an inductor with zero initial current.

C
j
1(‘, —
¢
R L "L
Vo

+ oV
V4
_ Rp

(a) (5 points) Write a differential equation describing the circuit behavior. Use 7 as
the unknown quantity.

_K‘L = - C ‘ZL‘C + LL
K At

i, - —L du
It

Vi | d ‘
JL = C _..-—\L _7L LL
K Je>
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(b) (2 points) What is the circuit @) factor?

ST

(c) (3 points) Express the output voltage v, in terms of the inductor current y.

v -~ L AiL
d af_@_

(d) (2 points) If L = 1uH, specify C so that the undamped resonant frequency wy is
equal to 1000 rad/sec.

N
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(e) (3 points) Derive V, in terms of V; directly for a sinusoidal steady-state source.
Do this without using the original differential equations with phasor analysis.

~
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4. (15 points) In the following circuit, the switch has been closed for a long time. It
opens at time ¢ = OUs.

Rs

(a) (5 points) At time ¢ = 07s, right before the switch opens, what’s the inductor
current 757

ﬁ[‘f K’L

I, (1-5) =

(b) (5 points) Derive the equivalent Thevenin circuit for time ¢ > Os as seen by the
inductor. In other words, what’s the equivalent circuit seen by the inductor?

| 3 ~ ;
Vi = Yoc = (=)
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(c) (2 points) What is the circuit time constant (by inspection of the equivalent
circuit)?

- L/ g

(d) (3 points) Find the complete solution iy (t) for ¢ > 0.

\ — v
lL(O\ =
2 A+ F
I () =20
—t/c
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5. (15 points) Consider the following truth table for a three-input function, with inputs
A, B, and C and one output Y.

- O OO O
O O = O O
—_ OO R OO0
it O = O D b |
M

(a) (4 points) Write a Boolean epxpression for Y in maxterm form. In other words,
write Y as a product of sums.

J = (}4 B HC) (/)*g*z)'(f?*@‘f:)
<

——
C—- m—
(b) (3 points) Implement the logic Ml&: #rigc AND, OR and NOT.

5 C

==
A Dy
+ “
]/
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(¢) (4 points) Now realize this function using CMOS logic transistors directly as
shown above. Draw only the pull down network for Y.

y = mi-(ﬁ+ ’B”+‘i) + (,2-+z5+€)7>7
- ABC + ABc + ABC

e =R A=
B a-\C 8-
c- € |
3
(d) (4 points) Draw the pull up network for Y. %
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6. (10 poigts) The following sequential circuit has two inputs I; and I and two outputs

Q and Q.

<l

I,

(a) (3 points) Complete the truth table where (), is the current output and Q,_1 is
the previous output.

11112[Qn|Qn
0101 i ]
o111 o
1102 i
111

(c) (4 points) Design a positive edge triggered flip-flop using the D latch as a
building block.
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7. (5 points) Draw the state transition diagram for an FSM that detects the patter 011.

ch - N paTTELN

S
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8. (10 points) Consider the following state diagram. There is only one binary input.

Start

(a) (2 points) What pattern does it detect?

o o |

(b) (2 points) For the pattern “0111100010” write the sequence of states for the

system.

S 6565805, 5,5, S S,
Ji ,

(c) (2 points) Draw the state transition table. DY CT.
s 1S | T f R
o | O o Fo) |
A | O ! o |o
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() (2 points) Draw a complete FSM using registers and the logic at the block
diagram level.
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