ELECTRICAL AND COMPUTER ENGINEERING
PhD QUALIFYING EXAMINATION
Session 2

Tuesday, Janvary 6, 2009
Be sure to put your 1D number on each sheet thal has material to be graded. Do not put your
name on any sheet.
There are 14 equally weighted problems. You arc to SELECT ANY EIGHT of these to answer.
You must make it very clear which eight that you choose. (If it is not clear, then the fisst gight
problems that you allempt will be graded.} Indicate your selections in two ways:
I Circle below which eight problems that you want graded,
2. 1f you write anything other than your ID) number on the page of a question that you do not

graded, the cross out that page with a large X from cormer 1o comer.

Circle the eight qucstions that you want graded:
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Do all work on the paper supplicd to you. Do not write en (he back of any page.




Prablem -2 ID#

Answer the following (all three sections are independent of one another):
4. The folkowing is a cancnical Beolean function of four variables:
Fa,b,c,d) =37(0,1,5,6,7,9,12,15)
Design the function #(a,b,c,d} using a 4x1 mulliplexcr.
You may use the following 4 gates:
1 Inverter
1 AND
1 OR

1 XOR
Do not use the constants "0’ or °1°.

b. Design a 4x16 Decoder using 5 2x4 Decoders (do not forget the cnable input).

¢. Design a Half Subtractor (draw the hlack box, derive the truth table and implement the
ouiputs B and D)




Problem 2-2

1D#

If the voltage v, over the 2-C) resistor is 20cos2( {V), obtain i§,.
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Problem 3-2 _ D

A periodie continuous-time signal x(¢) has a Fourier transform
X(f)=8(f~10)+8(f —15)+8(f - 35)+5{ £ +10)+ 8(f +15)+ 8(F + 35).

Another signal x,(f) is defined by

x,{:)=§_ x(nT,)h,, (¢ ~nt 1 8)

1,0<1<T,

where b, (1) = {l} otherwiss

{8)  What is the fundamental peried of x{¢)?
(Fundamental period is defined as the minimwm positive time in which a
periodic signal repeats.)

(k)  Let T, =1/40. What is the findamental period of the signal x,(#)?

(c) Let7,=1/8. Whatis the fundamental period of the signal x, (¥)?

(d Let7,=1/3. Whatis the fundamental period of the signal x (¢)?




Problem 4-2 ID#

A. Show that the function {:c}-:lxi has no denvative al x=0.

. . [l ..
B. Show that the function y =sin (—J has no limit as x —» 0.
by




Problem 3-2

ID§_

The following is a code segment that uscs a couple of features related 1o function design, e.p.,
call-by-reference, call-by-value, inline funciion, function overleading, etc.

a) What is the output of this code?

b} Point oul which variable is passed by reference, and which one is passed by value in the

three functions.
c)
d) What is fanciion overloading?

finviude <iostreams
using namespace =sid;

void funcliflcat, float &);
fiocat funcZ(float);

What’s the advantage of using inline funclion?

inline int func2{int a) { return a + a; }

int main{)

float =1, =2, % = 2.0;
funcl (=, =x1);
X2 = funcy(x1};
cout <= "The valus of x is: " << x;
cout <« "The value of x1 is: " <« x1;
coul << "The values of X2 is: " <o x3:
cout <« "The return is * <« func2{{int}xi} ce endl ;
return 0;

}

vaid funcl{fleat a, Fleoat &r)
r = a * g;

)

float funcz{float al

{
}

return a * &;




Problem 6-2 D

Twao random variables X and ¥ are sclected independently and unitormly in [-1,1]. Calculate

F(IX-1).




Problem 7-2 ID#H

A. You are given a 7 MHz upper single sidchand (USSB) transmilter. The carrier [requency is
7.000 MHz and the cutput spectrum has power from 7.000 to 7.050 MHz. Design a system
to convert the transmitter’s output signal to a tower single sideband (LSSB) whose carricr
frequency is 56.000 MHz. Your design should be in tabeled block diagram form and the
blocks wilt consist of filters, oscillaiors, mixers, ete. Be sure your blocks are clearly labcled
and that you prove thal your design works as intended. Suggestion: draw the oulput
spectrum from each block. Note also, the input to your system is the 7 MHz USSB signal.

B. What is the mininywn inlermediate lrequency required for a superhetrodyne receiver that will
pick up commercial FM broadcasts that range from 88 to 107 MHz such that images will be
outside the FM band. Tn other words, if images occur they will be a1 frequencies below 88
MIiz and/or above 107 MIIz.

Justify your answer,




Problem -2 IDg§

A ceriain benehmark was run on a 1 GHz embedded processor after compilalion with
optimization turned on. The embedded processor is based on an existing] GIIz RISC processor
that inclades floating-point functional units, but the embedded processor does not include such
units for reasons of cost, power consumption and lack ol need for floating-point by most target
applications. The compiler allows floating-point instructions 1o be caleulated wilh the hardware
unis (as in the RISC processor) or using software routines (as in the embedded processor),
depending on compiler llags. the benchmark took 2.0 seconds on the RISC precessar and 8.0
seconds using software on its embedded version. Assume that the CPI using the RISC processor
was measured to be 10.0, while the CPI of the embedded version of the PTOCEssor was measured
to be 7.0,

(a) Whal is the total nunzber of instructions executed for both runs?
(b} What is the MIPS rating for both runs?




Problem 9-2 D

Tor the memory reference string (page addresses) shown below, indicate which references result in a page
fault for the page replacement algorithms: FIFQ (First-Ia-F irst-Out), OPTIMAL and LRU {Tull Least
Recently Used). Assume that there are three physical page frames and (here is only ong process.

A. For each memory reference shown, place an F in the cell below the memory reference il that
reference resulis in a page fault {for the atgerithm). Assume there is nothing in physical imemory
when the refercnce string begins,

Referf:nceﬂll{lI23425ﬂﬁﬂ??3l]6
String
FIF(O
| OPTIMAL
LRU

B. [or the same memory reference sequence, complete this tahle,

| Page relerenced Pages in memoiy when the reference is made
FIFO OPTIMAL LRU
nothing nothing nothing |

0 ¢ 0

01 01 01

012 012 0i2

02 012 120

012 012 201
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Problem 10-2 ID#

a) What does quicksort do?

b} Quicksort is an O(nlogn) recursive algorithm. Explain what “O”, “n™, “log”, “recursive”, and
“algorithn™ mean.

¢} Consider the list 3, 21, 9.5, 0.5, 4, 5, 6, 2, 1. Sort this by quicksort. Show the intermediate
sequences.




Problem 11-2 ID#

A 1 GHz x-polarized TEM wave traveling in the +z-direction is incident in air upon a metal
surface coincident with the x-y plane a1 z=0. If the amplitude of the electric field of the incident
wave is 12 (mV/m} and the meta! surface is made of copper with 1, = 1, g = 1, and ¢ =5 8x10°
{S/m).

a) Calculate the skin depih,

b) Calculate the attenuation constant in the conducting media.

¢} Calculate the prapagation constant in the conducting media,

d) Caiculate the complex characteristic impedance of the conducting media.

) Calculate the reflection cocfiicient at the air-conducting media inlerface.

f) Obtain expressions for the instantancous electric and magnetic fields in the air medium.

g) Calculate the transmilted ficld at a dislance of 1wo skin-depth deep in the conducting

medivm,
Assume the metal surface to be several skin depths deep.




Problem 12-2 1

The AC equivalent circuit for an amplificr is shown below. Calculate the mid-band smatl-sigmal
voltage guin A, = ve,./vs for the amplifier if the BJT quicscent point is (1 pA, 1.5 V) (ie., o= 1
nA and Feg = 1.3 V), Assume £, =40 and ¥ = 50 V. Also assume ¥i2 is provided by an ideal
valtage source. 1n the schematic, “B5C™ means Big I'at Capacitor, i.e., a capacitor of huge

value,
BFC
vﬂ!.l'.f
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Problem 13-2 ID#

Consider two #Xs malrices A and I3. Suppoesc that C=A+B. Show that

rank{A) + rank{B) < rank(C)




Problem 14-2 ID#

A balanced, three-phase, 4-pole, 60 Hz induction motor uns al 1710 pm when it delivers rated
onlput power. Determine:

a) The synchronous speed.

b) The vatue of slip.

¢} The frequency of ihe rotor currents,

d) The speed of the rotor [ield relalive to the rotor structure,

¢) The speed of ihc rolor ficld relative to the stator struciure,



