Ph.D. Preliminary Examination Code Number
Fall 2011 Solutions

Instructions:

1. Please check to ensure that you have a complete exam booklet. There are 25
numbered problems. Note that Problem X occupies 2 pages and Problem Y
occupies 2 pages. Including the cover sheet, you should have Z pages. There should
be no blank pages in the booklet.

2. The examination is closed book and closed notes. No reference material is allowed at
your desk. A calculator is permitted.

3. All wireless devices must be turned off for the entire duration of the exam.

4, You may work a problem directly on the problem statement (if there is room} or on
blank sheets of paper available from the exam proctor. Do not write on the back side
of any sheet. _

5. Your examination code number MUST APPEAR ON EVERY SHEET. This
includes this cover sheet, the problem statement sheets, and any additional work
sheets you turn in. DO NOT write your name on any of these sheets. Use the
preprinted numbers whenever possible, or WRITE LEGIBLY!!!

6. Under the rules of the examination, you must choose 8 problems to be handed in for
grading. Each problem to be graded should be separated from the rest of the
materials, stapled to the associated worksheets, and placed on the top of the
appropriate envelope in the front of the exam room. DO NOT TURN IN ANY
SHEETS FOR THE OTHER 17 PROBLEMS!!

7. The examination lasts 4 hours, from 9:30 AM to 1:30 PM.
8. When you hand in the exam:
(a) Separate the 8 problems to be graded as explained above.
(b) Check to see that your Code Number is in EVERY sheet you are turning in.

() On the section at the bottom of this page, CIRCLE the problem numbers that
you are turning in for grading.

(d) Turn in this cover sheet (containing your code number) and the 8 problems to
be graded.

(e) All other material is to be placed in the discard box at the front of the room.
You are not allowed to take any of the exam booklet pages from the room!
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Problem 1 (Core: VSDD-ECE2030) Code Number:

ECE 2030 Prelim Problem:
Complete each design below, Be sure to label all signals,

Part A: Implement the following expression using|Part B: Implement a transparent latch using only

N and P type switches (NFETs and PFETs). pass gates and inverters.
Out,=A-B-C+D - IN Y |OUT OUT
AD|lQ @
A1l A A

B

o IN— —-DO-—DQ-.—-O.A

EN

Part C: Determnine the appropriate expression for|Part D: Reimplement the design in Part C using
this mixed logic design. How many transistors are |only NOR gates. Use proper mixed logic notation.

required? How many transistors are required?
A A
B .

c b out | ° p—c> o

Qut= A+B+C+D-E

# transistors = 18T # transistors = 22T




Problem 2 (Core: VSDD-ECE2030) Code Number:
(a) Consider the signed twos complement numbers X = 10110101 (8 bit signed twos
complement) and Y = 1101 (4 bit signed twos complement). Compute Z = X+Y
(write Z in 8 bit signed twos complement format)

Is there any overflow while computing Z 7 No

If not, write the correct value of Z below, else leave blank.

Z=10110010

What is the value of Z in decimal (if you gave a value for Z above) 7
Z=-T7

(b) Consider X = 1011010 and Y = 1000101, where X and Y are 7 bit signed twos
complement numbers. Compute Z = X+Y, where Z is 7 bit signed twos
complement as well (write Z in binary).

Is there overflow while computing Z ? Yes

If not, write the correct value of Z below, else leave blank.

Z =

What is the value of Z in decimal (if you gave a value for Z above) ?




Problem 2 (Core: VSDD-ECE2030) Code Number:

(c) Give a minimal product of sums ekpression for the function f{ ) below:

Y2
W 00 01 11 10
00 1 1
01 1 1 1

Il 1 !

10 1 I 1

flwxyz)= (W+X+Z)e(W+Y+Z)e(X+Y +Z)

{d) Using DeMorgan’s Law, express F for the circuit below in terms of A, B, Cand D
in sum of products form. Simplify the expression for F to the maximum extent possible

/' | I * nand

inverter

F= (4deB)+(CeD)




Problem 3 (Core: CSS-ECE3055) Codé Number:

SOLUTION
Prelim Question: Computer Systems and Software, ECE 3055 Material

Consider a virfual memory system with the below characteristics. For ease of analysis, assume that all
enory operations are independent.

*  inverted page table with a perfect hash function, i.e. each virtual page has a unique hash valae
* TLB hit and cache hit together take 1 cycle '
* cache access or TLB access by itselftakes 1 cycle
*  main memoty access takes 50 cycles
«  page fault tekes 10° cycles
“*  page table entries are not cached, i.c. TLB misses go directly to 1naia memory
+  cache is indexed by physical addresses
¢ miss rates are as follows: TLB 0.02, cache 0.01, main memory 0.001

Caleulate the expected numiber of cycles taken on a memory operation. Show your work.

There are 3 cases for translation and similar 3 cases for the memory access: C1) hit.
(TLB or cache), C2) miss (TL.B or cache) + main nem. hit, C3) miss (TLB or cache} +
main mem. miss. This yields 2 cases {otal when combining franslation and access.

Case 1: TLB hit, cache hit

Prob. =0.98 * 0.99 Thme =1 cycle

Case 2: TLB miss + main mem. hif, cache hit

Prob. =6.02 * 0.999 * 6.99 Time = 32 cycles

Case 3: TLB miss + main mem. miss, cache bit

Preb. = 8.02 * 0.601 * 0.99 Time = 10° + 52 cycles
Case 4: TLB hit, cache iniss + main mem. hit

Preb. = 0.98 * 0.01 * 0.999 Time = 51 cycles

Case 5: TLPB miss + main men, hif, cache miss + main mem. hit

Prob. =0.02 * 0.999 * .01 * 0.999 - Time = 102 cycles

Case 6: TLB miss -+ main mem. miss, cache miss -+ main mem. hit

Prob. = 0.02 * 0.001 * 0.01 * 0.999 Time = 10° + 102 cycles
Case 7: TL3B hit, cache miss + maia memn. miss

Prob. = 0.98 * 0.01 * 0.001 Time = 10° + 51 cycles
Case 8: TLB miss + main mem. hit, cache 1niss + main mem. miss
"Prob. = 0.02 = 0.999 * 0.01 * 0.001 Time = 10° + 102 cycles
Case 9: TLB miss + main mem. miss, cache miss + main men. miss
Prob. =0.02 * 0.001 * 4.01 * 0.001 Timte=(2x 306) + 182 cycles

E[no. cycles] =¥, (prob; * time)= 32.50




Problem 4 (Core: VSDD-ECE3060) Code Number:

Compare transistor sizes in NAND and NOR gates:

a) Size the transistors in a three-input, static complementary NAND gate so that the gate’s rise and
fall times are approximately equal.

Worst case pullup: one p-type. Worst case pulldown: 3 series n-types.

Let k’, W/L, =3 k’n W/L,

If W/L, =6*(3/2), then W/L, = 3*(3/2)
b) Size the transistors in a three-input, static complementary NOR gate so that the gate’s rise and fall
times are approximately equal,

Worst case pullup: three series p-types. Worst case pulldown: 1 n-type. -

Let 3%’ W/L,= k', W/L,

If W/L, =18%(3/2), then W/L, = (3/2)
¢) Find the ratio of total transistor area in the NAND gate vs. the NOR gate.

NAND area (in units of minimum-size transmtors)
Total n-type area : 9
Total p-type area: 18
Total area: 27
NOR area (in units of minimum-size transistors):
. Total n-type area: 9
Total p-type area: 54
Total area: 63




Problem 5 (Core: E&M-ECE3025) Code Number:

A parallel-plate capacitor is constructed from two metal plates of dimension 1 cm by 1
cm, held a distance of 5 mm apart by a material with € =4¢(. The electric field between
the plates is 400 V/m. Neglect fringing effects at the plate edges.
(a) What is thé voltage between the plates?

V = | E edl =400 (V/m) x 0.005 (m)=2 (V)
(b) - What is the surface charge density magnitude on either plate?

D= g, F = 4(400),it ; 1.417 x 1074 (C/m?)

pg=AeD; 1417x107 (C/m®)

() How much energy is stored in the capacitor?

W= [f[ e

=0.165, ; 1.417x10™ ()

B av = %450 (400)%(0.01)(0.01)(0.005)

or, using the answers from parts (a) and (e),

W= %CW ;1417 x 1072 (7)

(d) - What is the magnitude of the force, in Newtons, on each plate?
|F|=p,|E|4/2 |
= (1.417 x 107°)(200)(0.01)(0.01) ; 2.833x 107" (N)
(e) What is the capacitance?

584 £(4)(0.01)(0.01)
d 0.005

c =0.08¢, ; 7.083x10™° (F)




Problem 6 (Core: E&M-ECE30065) Code Number:

:0.125%  Total load-line length:
0.329%

52 01712

3

G,
W

Total stub length:
- {0.345-0.125)A=0.260

This problem follows the same formulaic approach of all parallel stub problems. Follow the
algorithm:

(a) Calculate the normalized load impedance (zp, = 0.40 + 70.60) and plot on the Smith
Chart.

(b) Rotate the load point 180° about the center to achieve the normalized admitiance (¥, =
0.77 — 1.15).

(¢) Translate this point down the transmission line until the equivalent load admittance has
a matched real component. This occurs after a distance of d = 0.3209, which results in &
1.0 + j1.3 eflective load.

(d) Since our stub terminates in a capacitor, we start out with a normalized admittance of
4§1.0 (not on the +;0.0 point, which would be the admittance of an open circuit).

{e) Translate the stub down a length of line wntil the effective stub admittance is -j1.3 to

cancel the reactive component of our load at point d. This occurs after a rotation of
w = 0.220A.

This clever manenver does save some space compared to an open circuit stub design, which
would have the same design except we would be required to start at +70.0 — introducing an
extra eight-wavelength to the stub length for a total of w = 0.345A.




Problem 7 (Core: EDA-ECE2040) Code Number:

Solution:

Exploit the symmetry. in the problem to the max. First if the current through the voltage
source is /, then from the symmetry 7/2 Arips must flow through both branches (by node A)
on the top left, and —7/2 through the branches at the bottom left (by node B). Hence, we
can “disect” the M6bius ladder and attach identical sources at: the two ends to maintain the
equivalenge.

Figure I Mobius ladder opened

Open. this up completely and give it a twist to get the ladder circuit of Figure 2.

o "-‘ lc : ::.-. =:-;-:..;

Figure 2: Mobius ladder twisted and stretched

i) Let’s use superposition. Let i bethe current froim C to D in the resistor due to the voltage
source V' on. the left, and Zero the source. on the right. From the symmetry, we see that the
current from C to D due to the voltage source on the right and zeroing the spurce on the left
must be —7. Consequently, no current will flow through the resistor connecting C and I in the
Mébius ladder. If no current flows, the points Crand D must have the same potential. Hence.
Foc = 0.

Now short the resistor from € to . (This effectively replaces this resistor by a short.} The
ladder is still symmetric, so also in this new configuration, no currend-will flow from C fto D.
Hence £ = 0. :




Problem 7 (Core: EDA-ECE2040) Code Number:
ven D

Figure 3: Configuration with CD shorted

The ratio ¥,/ I is undetermined,. Hence this will not yield the equivalent Thévenin resistance.

ii} In order to determine the Thévenin resistance, zero the source (it becomes a short circuit)
and apply a test voltage Ve to CD. The corresponding current, fy, through the test source
determines Ryy, by Rry = View /Diosr. From Figure 3, we se that this gives a configuration where
the ladder on the left of CD is identical to the one on the right. The test source is further in
parallel with a resistor R. We also know by the symmetry that the left and right ends are at the
same potential, V. /2, hence their connection can be severed, giving the configuration in figure
4. Let R, be the internal resistance of the ladder on the right, then the total Thévenin resistance

L
LT ————
i
IJ{ ";M$ é é | jt
" Co onmn | vs | e s

Figure 4: Determining the internal resistance

is
RR, _ RRy
2(R+Ry/2) T 2R4+R,

Rt = Rf [ Raf [R = R} /3R0 = 1

. ; . 2
See figure 5. For n = 1, we find Ry = 2R, and with (1), Rrp,1 = 3 = 2§
For n = 2, we find Ry = (2R//R) +2R = R, and with (1), Ryp» = & = 3R,
Thus py = % and p2 = ~‘.}

iii) Of course, Ryoron/R = Ryp/R = p. See figure 6. It is readily seen from this figure that

RRy _ 2R+3R, .
R+R, R+R,

Rys1 =2R+R//R, =2R+

10




Problem 7 (Core;: EDA-ECE2040) Code Number:
D

Figure 5: Determining the internal resistance forn=1andn=2

p R

T R
Rpi12 LGP L—

Figure 6: Setting up the iteration for the internal resistance

With (1), and its inverse relation, Ry = =, this yields
Ran - R-Rn+1
Y I
_ 142p,
2+43py .
Thus, finally, '
_14+2p,
pn+] 2 + 3pn .
iv) Letting n — oo, we get in the limit
_14+2p.
P 2300

or
' _ 302 + 200 = 1 +2pe0.
Solving for p.., we find, taking the requisite positive root

pmﬁ

5~

11




Problem 8 (Core: EDA-ECE3050) Code Number:

For the given circuit, caleulate the values for R, R2 R3, and R4 given the following
spemﬁcatmns

(1) Yy !’ U, = 10

IRy = v,/ i, = 10kQ

(BCMBR = m,ie, (v, / v,=-v, [ ¥)

{4) Zero induced common mode input voltage, ie, v,= -1,

b ors UWsrRe

is(RatRa) = ¥ ? EFM T >,_ﬂ, Vo = Ts (Ret Ra)

15 (Re-R)= % o prae Ty |
(f} i5=’(_[§_ so Ap= '\5_,:5_924—?4) = Ry + Ry = 10 Kiy = fooka
Kin . Kin

cludng Ve gnd the virdual short=:
R,@%‘ik*pg ?h=/ﬂ»éﬂ—|

@) KV anwd the loop in

/U.\ Ts R?: + 0+ ?'S 7s
- . % f4. i+-
@) Tifnd Vi , et V5 =0, ten: o= e T ( g
| T merﬁﬂﬁsmﬂ
¢ =-—?z ‘
Yoy 1 3¢t Ta=o, thent 47 Vb .
7”1%‘& /’\rb ' ;_R_LMJ .

0 -Qz nwrh Aa ;‘

o o e ST R

B G 1G=-To , is(hyty)= 1s(Ki-RD) > FatZRa
Adci,inﬁ Rz ’{bba'ﬁ\ ghes Cﬁw@%ﬁ 2@34'2% R+KRz = Rin*®

> rarg s

The solutton SatisGine) all of the above 152
Ru= 455, Ra=455ka, g =4 ssha | Rp= 95 ska.

=joka

12




Problem 9 (Core: Power-ECE3070) Code Number:

. SOLUTION:
fa}) The phase voltage of this generator at rated conditions is
v, = 13,800V — 7967 V

V3

The armatre current per phase at rated conditions is
S 10,000,000 VA
= = =418 A
"B Y V313800 V)
Therefore, the internal generated voltage at rated conditions is
E, =V, +RJ, + jX,I,
E, =7967.£0°+(1.5 Q)(4182-36.87> A)+ j(12.0 2){418£-36.87° A)

o E, =12,040£176°V
The magnitude of E, is 12,040 V,

(b} The torque angle of the generator at rated conditions is = 17.6°.
(¢} lgnoring R, the maximum output power of the generator is given by

3V,E, 3(7967 V)(12,040 V)
Xy 120

P o =240 MW

The power at maximum [oad is 8 MW, so the maximum output power i3 three times the full load output
power.

Under these conditions, the armature current is

_E-V,  12,040£90°V -7967£0° V
R 4 X 1.5+ 1200

=1194-£40.6° A

The reactive power produced by the generator at this poiat is
Q@ =3V, I, sin 0=3(7967 V){(1194 A) 5in(0°—40.6°) = —18.6 MVAR

The generator is actually consuming reaciive power at this time.

13




Problem 10 (Core: Power-ECE3070) Code Number:

9 P =B —P. =3(480)(50)(.85)—1000—500=33.833kW

b P, =P —P, =33833W-500W =3333kW

rotor

o P =P, —P, =3333kW-250W =33.08kW

em

33.08kW

220 W 4434 HP
W i
746 AP

14




Problem 11'(Core: Microsystems-ECE3040) Code Number:

Problem 11: {Core: Microsystems ECE3040) Code Number:

Assume thata laser is used to illuminate a thin cross-section of a uniforimnly doped
bar of silicon maintained at room temperature (i.e. T = 300°K). Assume that the
laser-induced photogeneration occurs only at x =0 and is uniform across the crogs-
section as seen in the following diagram. Atx=0, assume that the steady-state
number of electron hole pairs {(EHPs) is 10!! EHP/cm? and that there i3 no electric
field inside the silicon bar. The dopant in this case is boron and the doping density
i is 1016 fem¥,  Also assume that the excess minority carvier concentration at the

! edges of this bar is zero at x=1 and x=-L. The minority carrier lifetime for this bar
cain be assumed to be one microsecond. Also assume that the mobility for the
minority carriers is approximately 800 cim?/V-s, and that the intrinsic carrier
concentration for silicon at room temperature is approximately 1010 fom?®,

lazer Hght
1 IH
3l
"ll Anfxw=i]=0
r
An,,{x:-.'.}:ﬁ '1'} ’
’ - 17 Smame . -
g ik
- - o e re————
i)
Region I ik Reglon |
et
4
I ! |
i L T d
A= x=4 x=L

a.) What i the value of the diffusion constant for the minority carriers in this silicon

bar?
_ KT ol IISRtE S R ot
Dn" V‘ﬂ GL gwﬁ oo FC = |20, T e’

b.} Assumingno significant variations of the carrier concentrations in the y and z
directions, what is the differential equation that describes the excess minority
carrier concentration in steady-state as a function of xin Region I and Region Il of
the semiconducting bar.

r—r——

ab
ne <Aetkie S8 nbay we  dan We tne mmwﬂj caxner d fiusion equedien

2 &0 O n sb,emic; sde US\ﬂ aseamgtions of lou-level \V\Sdimm’\d

O= D5 = (e bt Sz wsde copn )

'g"&“ﬂ’ - ,[:\".Vl?. . ':‘[ T = .a"f.Sﬁrxléch
C= Toxx 03 |5 e bR

15




Problem 11 (Core: Microsystems-ECE3040) Code Number:

c) For the case where L is much greater than the average diffusion length, please
give the approximate expression for the excess minorily carrier concentration in
Region { and Region 1L

e gerems Soluhiono e, ddfleranticl apsedwnin ond YR
. "‘)9‘1.“ ﬁ NL“
Ang=Re T Be
I reéio,\ T, B e be zeve <o Frod Solubon Con convene ap X~e
‘ ¥ .
e, Anp= Ae s £~Np {x=0)= 10“ = A e_o
A '“x/l_h
RegonT AN )= 10" €

x
Region T by 0= 10 € "

dj For the same assunmptions in part ¢, please provide an expression for the quasi-
Fermi level for the minority carriers (refative to the intrinsic Fermi level) in Region

L {Fa- BNt K, = By r KT in(anptnp)
Np= ni< ~ ;{ ! * 2y |
. ~ ) LS (TN -ta_
£0p= N Dy, 7 N k'T\h( e " Na )

 Na= ID‘U/L&{; ) .
€] For the same assumptions in part ¢, pleasé show the band diagram for this bar
and approximately show the quasi-Fermilevels for majority and minority carriers,
the hutrinsic Fermi level, the conduction band, and the valence band. For reference,
show the equilibrium Fermi level on your diagram as well.

T quasi- T \evel forvnorbycamers, Bem equilipiom Fami Veced
T, = quasi- Fem \e«e\%w’w\jov&\g Qoveers B¢ wiinse Fermi level
; e

F!'\ ' ‘F.h

£

- ' EF)FP
|-

16




. and , and draw and label’ an arrow. shm\%.umqwm e of tie applied gate voltage, Vg, for
each relévant case, 2 /K '
P Eqml:bnun‘-l j \ ion” -/

- Problem 12 (Core: Microsystems-ECE3080) Code Number:

ECE 3040 QUALIFIER EXAM FALL 2011 Dupus

la-1d.: NAMOS Capacitor with Gp> Dy Show By, Py Eeon En E—u E. B By Eg 6y ¢5

A AN I?‘ﬁ
G s kg
S T A | la

A

M o] 5 M 0 8 x
" Onset of Inversion + © Strong Invetsion

E




Problem 13 (Core: DSP-ECE2025) Code Number:

Problem 13 {Core: DSP-ECE2025)

Consider a continuous time signal s{t) = 1 + 2 cos(0.27¢) + S cos(L.5xt + 0.4m).

(2)

(b)

(c)

Find the fundamental frequency f and the Fourier series coefficients a,’s of
s(t), Le., s{t) = Y00 we?*™ M, Note that you need to list all the non-zero
coefficients ¢;’s and their corresponding indices k.

f{) = 0.05 Hz

%F?J'U.d-‘ir —j0.4x
3 3

ag =1l ag=a.q9=1 a5 = , G 1 = —

%

otherwise , ap =0

The signal s(¢) is filtered by a linear time-invariant system whose impulse
response is h{t), and whose frequency response is H(jw) = f h{t)e™#tdt =
(1— e 13e~1%, Pind the resulting output y(t) = s(£) » 2(t) with » denoting
the linear convolution. Express your answer for y{t) as a real-valued func-
tion of £.
The frequency responses of the filter at 0, £0.27, and £1.57 are
H(0) =

H(j(l?fr) (1 . (,—()1) ,— 0. ﬁ"r H( —30. ) ( —U.L)eﬂ).[ﬂn!

H(jl.S?T) (1 . (——() 7::1) —40. J”' H(—j‘ 5,’_) ( —0.75)(9[].15‘5.
Thus, the output is

y(&) = (1 — e ") 2cos(0.27t — 0.027) + 3(1 — 9"9 ) cos(1.5mt + 0.257)
= 0.19cos(0.27f — 0.027) + 1. 58 cos{1.5mt + 0.257),

The signal s{t} is sampled by an ideal continuous-to-discrete (C-to-D) con-
verter operating at a rate of f, = 1 Hz. The resulting discrete-time signal
x[n] goes through an ideal discrete-to-continuous (D-to-C) converter op-
erating at a higher rate of f, = 2 Hz. Find the D-to-C output z(t) as a
real-valued fanction of f.

&[n] =14 2cos(0.2mn) + 3cos(1.5mn + 0.47) = 1+ 2cos(0.2xn) + 3 cos{0.5mn — 0.47)

z2(t) = 1 + 2cos(0.47¢t) + 3ecos(wt — 0.4x)
Here you can assume that. the scaling factor from sampling is taken care of by the

ideal low pass filter.

18




Problem 14 (Core: DSP-ECE3075) Code Number:

SOL VT oI

Problem for ECE 3075:

For this problem, you may ﬁm} the following formuls useful;
i 2 . n!
j:u z" expl-axldr = prers
Max and Addie are engaged m a timed Sudoku tournament.
For Max, the prubabil;y dénsity function for the time {ir minutes} required to finish is:
Fx(@) = Aremou(z). :
For Addie, the pi'obabiity élensit.y fanction for the time required to finish is:
I =)
The times are smsisticnlly émdcpendent of each other.

(a) Find the joint density funétion for Xand ¥. A dmwi'ng wiil be helpful.
5';“@“ ‘;L/\Q? - [hG&JQ&VLQIQﬁ/T“ ‘I!Z{tﬁ,
f) APs b /vf Yo

_,11_?@ 9)
btx)aty)

{b) Let Z be the difference beLweeu the two times: Z = X — ¥, Find the means and voriances for
X,Y,and Z. '

D(Qfﬂj abave jcarimoé«- v

< @/ﬂ . _ vf-'-' :2/11

7‘“%‘//’\ ' v_r? 2 j‘/yc‘

..i?‘ y;\ "y - . & . 3/;

ey
%
Bes 1y Biy

19




Problem 14 (Core: DSP-ECE3075) - Code Number:

v X

(¢) Let W represefit the- event {Max beats-Addie} ‘ge X <V Fmé Prob(W)
co BN ? -
7 ) = ([ oy g
"6‘:& } = E ¥ & Ny '
j&hac [Taeto 4
1 ~ — :S?O'xl.rx -ZAK%C:II/L’LI
rease/’ﬂLJ -#u.,-}xmr: wndif e 289 rrivak | In e Fossen
PYb ess i Vt-‘«"‘m-?k E’ye/nres@m‘?‘.s ol Fime VAT He 57 50 inp

. Jdesbic <2 14 dent process, XSF s s & p s vale
n 1‘45.’“ fgxlaf&mj?;aqd’a e arrraf Tasecend, 60 ) = Yo ’

' (d} Find fp (x1¥), the conditionil probability density functign for Max's time, given that he
© ‘beat Addie.

) !/g,»z abave: %ma&:‘/n‘fjmn‘f )pafﬁ 7”" Ejz§{m K=<y
wioald be /-M f?c,wﬁﬁm Xey = O ofherwisz .
_?vc oY
= 4‘}:%{,"1: wisg = (2A) 7‘6"(2}} ULK)

e

CT%-A s - f?é’f{m_ ‘f“&af;xm: a2 arzzwé’ aﬁ» a/;rac:es,s

& veli 2 e wtle = il ?’fmm 4 - zf{,wawévaz‘}
ox - = N +- f\

{e) Independerit of whether she wins-or not; Addia 'wii_l receive N dollars in prize money, where
N =Y. Find fv(n), the pdf for her winnings.

Yo g N raegeg NiLod]
Logy RAn)

/Tz/’ a ‘pn ORI K"_—? g o=pg
.
L n
= Laents AN penegy
A
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Problem 15 (Core: S&C-ECE3085) Code Number:

A control system has the following structure, where L{(s) is a ratio of two polynomials; L(s) has more poles
than zeros, and all ity poles are located in the open left half plane. Let H{s) denote the overall transfer
function satisfying Y'(s) = H(s}R(s).

+

{a) The loop transfer function L(s) iz characterized in the diagram to the left and the overall transfer
function H{(s) is charvacterized in the diagram to the right; the labeling of these diagrams establishes
a unique correspondence between them. Precisely mark the diagram to the vight with an asterisk
corresponding to the agterisk found on the diagran: to the left.

1.5 . . : N N 1‘
b
. 0.5
05 N
z Z
3 ) i (1] IR TR
E E
-05
-0.5
m1 -
T3E T s 0 051 s . 4 -0.5 0 05 1
 Re{L(jw}) Re{H(w)
Lijw) =4 =i 147 1—7]

L= =i = HO) = Ty =127 =123 145 = 3

Prove that this system is internally stable.

The given plot of L(jw) is at least a portion of the Nyquist plot of L{s). Since L(s) Is strictly proper,
the point L(jw) = 0 corresponds to o = £oo. Since the coefficients of L{s) are real, the point L{jw) =1
cosresponds to w = 0. As further confinnation that the entire jw axis has been accounted for. note -
that the given plot is a closed cirve symmetric about the real axis. Finally, since L(s} bas no poles
- in the open REP, this systern is internally stable if and only if the Nyquist plot of L{s) does not pass
through ot encirele the critical point —1; by inspection, this property is satisfied in the given plot.

(b

~—

Determine the phase margin and the gain margin of this system.
When |L{jw)] == 1 or 8 dB, ZL(jw) > ~80°. Therefore, PM is 90°,
As ZL{fw) ~» —180°, |L{jw)| -+ 0 or —oc¢ dB. Therefore, GM is 1 or oo dB.

o

{¢)

(d) Assume #(2) = 1{t), where 1{t) denctes the unit step function.
Find e such that 1., e y(t) = oo

At w = 0. L(j0) = 1 and hence H(j0) = }. Therefore, ox = §.

—t

Assume () = cos(wot) - 1{2), where 1(f) denotes the unit step function.
Find o and € such that Himy_, .0 4{8) = @ cos{wyt 4 8), where wy corresponds to the asterisk in part {a).

i

Ab w = wo, L{jwg) = —j and hence H{jwe) = &Fe~iF. Therefore, o= 1v/2 and § = —5.

(e

—
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Problem 16 (Core: S&C-ECE3085) Code Number:

1. We know that for steady-state tracking of a ramp there is o need for at least two
 integrators in the loop transfer function Gu(s)G(s). One integrator is provided by the
plant (the pole at 0), so all that is needed is an additional pole at 0. Let us try
Ge(s) = !-f- for some K > 0. In this case the first column of the Routh table of the
denominator polynomial of the closed-loop transfer fumction has the following entries,

7. 1, —tAK, AK. Consequently, the closed-loop system is unstable for any K > 0.
Next, let us try a PI controller of the form Ge(s) = K, + %’— for some K, > 0 and
Ky > 0. The first column of the Routh table of the denorinator polynomial of the
closed-loop transfer function has the following entries, 7, 1, A(Kyp — rKy), AKr. Thus,
the closed-loop system will be stable if K ~ Ky > 0, and in this case the desired

tracking will be achieved.

2. Let T'(s) denote the r-to-y transfer function, and let T,.(s) denote the v-to~y transfer
function. Then it is well known that T,(s) = —T'(s). Now if the system yvields steady-
state tracking to a ramp input (r) then it tracks a step as well. Consequently, if v =

3 » step and 7 = 0 then limy— o y(2) = B, and disturbance rejection is not achieved.

2




Problem 17 (Specialized: CSS-CS$3210) Code Number:
Answer Key

« The program does not deadlock becanse the pthread_cond_wait at line 39 in the main is passed the ad-
dress of the act ivelMutex as the second parameler. The pthread_cond_wait function is documented 1o
Urlock the nutex, Wait for the condition signal, and then Re-Lock the mutex. Thus while the main is blocked at
line 39 the act iveMutex mutex is in fact unlocked.

¢ It is possible that threads 0. | and 3 all get scheduled before the main makes it to line 39 (which unlocks -
the activelutex), and thus are blocked at line 16 (before decrementing activeThreads). No threads
claim there are 4 active threads becavse two different threads could execute lnes 16 - 22 (sequentially. not
concurrently) decrementing aciveThreads twice before any other thread executed fing 14,

» Tt is not possible to tell which thread executes Hine 20. Threads schedale in arbitrary order, so it could be any of
the eight threads.
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Problem 18 (Specialized: CSS - ECE3035) Code Number:
Consider a 32-bit system where the memory image of each process starts with the code at the
bottom of the address space, followed immediately by the global data, and then the heap. The
stack is on the top of the address space and grows downward. Any process can use up the
entire 4GB of address space.

The program below consists of a series of recursive function calls. Suppose you can change
the value of N defined in line 3. Estimate the maximum value you can define for N before the
program will crash. You don’t need to come up with an exact number but you need to show
your steps.

Notes: 1. double data type is 8 bytes.
2. the code uses Variable Length Array, which is supported in the C99 dialect of C.
For '
example, the GNU C Compiler gec allocates memory for VLAs on the stack.

#include <stdio.h>
#include <stdlib.h>
#define N 7000

int dowork{(int n)

{
register int i,73;
double A[n] [n};

if( n > 700C ) {
dowork{n-1);
} else |
for (i=0; i<n; 1i++)
for (3=0; Jj<n; J++)
A[i][3] = ((i*3)/3.452) + (N-i);
}

return 0Q;

}

int main{int argc, char *argv([])
{

dowork (N) ;

return 0;
}
Given the value of N, The program will require stack space of the following size:
The dominant part is the array allocation, which takes [N> + (N-1)* + ... + 7000%]*8
bytes. - -
There are a small number of bytes for the input parameters, returning addresses, and
the program itself.
The maximum value N can take is 7009 before the stack overflows the entire address
space.

24




Problem 19 (Specialized: Telecom-ECE3076) Code Number:
Given that the end-end delay between Host A and Host B is 10 mili-seconds, and a
bottleneck link has bandwidth 12.8Mbps. Assume that the bottleneck link dominates the
end-end delay which is half of the round trip delay (RTT). Assume maximum segment
size (MSS) is 1000 bytes, and all segments are MSS.

(a) Assume TCP now uses a window size » to sent segments. What should = be
to fill the “bit pipe” at the bottleneck link in one RTT? {(In other words, what
is the bandwidth-delay product when the delay is considered as RTT?)

A: n=2x12.8x0.001x10,000,000/(1000x8)=32

(b) Consider that TCP starts from slow-start. Assume that there is no loss. How
many RTTs are needed for the TCP congestion window size to grow to be at
least n? How many bytes are sent in all the RTTs from the beginning of the
slow start to the window size n?

A: #RTT = log 32 =5
(1+2+4+16+32)x1000=55k bytes

(c) Now consider that two TCP flows are sharing the bottleneck link. Assume

that each flow is “on” with probability p (0 < p < 1) when an end-use is
active and inactive with probability /-p. Users are either active or inactive
independently. Assume other conditions remain the same, i.e., TCP still starts
from slow start and there is no loss.

Assume TCp is fair. On the average, would one user send more bytes, or
fewer bytes, or the same bytes, compared with your answer in Part (b), when
the TCP congestion window grows sufficiently large to fill the bit pipe?
Why?

A: When 0 < p < (.5, one user can send more bytes, since on the average,
0<2p<1. Hence n can be larger than there is one use who is always active to
fill the bit pipe.

When p= 0.5, one user sends the same bytes, since on the average, 2p=1.
Hence n is the same as that from Part (a).

When 0.5<p<I, one user sends fewer bytes, since on the average, 2p>1.
Hence # is smaller than there is one use who is always active to fill the bit

pipe.
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Problem 20 (Specialized: Optics-ECE4500) Code Number:

Linear Polarization by Brewster Angle Incidence

Refractive indices
ny = 1.000

" ng = 1.500

The Brewster angle

g = trm"l@ = B6.31°
T

The angle of refraction

L1 (n; sin

By = sin ) = 33.69°

N2

Fraction of TE polarized light reflected

S (E,) _m cos By — g cos bty 0384615
EiJpp 11 cos 0y + na cosfs

Fraction of TM polarized light reflected

rTar = (E) = Pacosh —micosth g 4000
Ei [ ppg ng cos B + ny cos

Fraction of TE power reflected

Rrg = rin = (~0.384615)2 = 0.147929

Percent of total incident power that becoines linearly polarized = Rpgp/2 = 7.3965%

The reflected light is linearly polarized normal to the plane of incidence.

26




Problem 21 (Specialized: Optics-ECE4501) Code Number:

a) v=c/A c=3x10"8 m/s
v=193THz

Afiver = Ag/M Negr ~1.470 @lamda=1550nm
lﬁbe,- = 1054nm

b) Vp=c/ neg
Vp=2.04x10® mv/s

k=2 nezr w/lamda = 0.005959 1/nm = 59590 1/cm
c) Vgroup= c/(Ngroup)

where Ngroup =n - A x do/dA

do/dA = -2x107(-5)

Ngroup = 1.470 — (1550nm(-2x10))
Ngroup = 1.470+ 0.031= 1.501

Vgroup = 1,999 x 10% m/s

d) Straightest ray (fewest bounces per distance) has highest group velocity and
lowest cutoff frequency
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Problem 22 (Specialized: Microsystems-ECE4752) Code Number:
A) Find the Miller indices for the planes illustrated in the figure below.

T PR
N\ 7 -
- 2 -7
—— ¥ —F 1
B |
X.
X
(234) (-1-44)
(1/21/3 1/4) | (-1/1-1/4
1/4) ,
(643) (-4-11)

B) Calculate the angle between the (100) plane and the (111) plane in single
crystal silicon material.

Use Dot Product
Cos (Theta) — (100) dot (111)

Theta = 54.7 degrees
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Problem 23 (Specialized: Bio Eng-ECE4784) Code Number:
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Problem 24 (Specialized: Bio Eng-ECE4782) Code Number:

There could be diagnostic value in estimating a transfer function for the blink
reflex in a patient with closed head injury. A “white-noise protocol” could be
used.

A. (2 points) How would you create a Gaussian, band-limited, white-noise

stimulus?

A bright flash of light will cause the patient to blink. A Gausian amplitude
distribution will be mostly small amplitudes that do not elicit a blink
response, so the stimulus will need to reach amplitudes that do cause a blink
response. There are lots of ways to create random modulations of light
illuminations of the retina, but some light sources change color when the
current level changes. For example an incandescent bulb becomes redder at
higher current levels. A cluster of white LED’s would be ideal for this study,
but the light levels could be nonlinearly dependent on the current driving the
LED’s. Some sort of linearization scheme would be required.

B. (4 points) How would you calculate a first-order linear transfer function?
The student will need to know the cross-correlation method for estimating
the first-order Weiner kernel and must figure out a way to measure when
blinks occur. '

C. (4 points) What are the possible pitfalls in your diagnostic protocol that could
lead to inaccurate results?

There are a lot of potential pitfalls, e.g. the Power Spectral Density of the
stimulus might not be very flat, which will distort all of the Weiner kernels.
The all-or-none blink response will create lots of complications.... A
random interval pulse stimulus would be much better for this study.
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Problem 25 (Specialized: Bio Eng-ECE4781) Code Number:

Spinal cord injured patients can often recover some level of motor control by practicing
movements with EMG feedback.

A. (2 points) Describe how you would design and construct a surface electrode that
mounts onto a finger. :
The electrode will need to attach to the finger without slipping or interfering with
finger movements. Some sort of elastic/flexible band would be best that fits like
a ring around the finger. Taping an EKG type electrode to the finger won’t work.
ECE4781 students learn about flexible, conductive electrodes that are used on
babies....

B. (4 points) Show a block diagram that indicates all of the components you would
need for a data acquisition system for a human EMG training protocol, i.e. to
help the patient relearn how to control] his/her finger. Also describe any software
algorithms that would be needed. .
The first stage will need to be a preamp with low noise and high input resistance
to reduce electrode polarization. The reference electrode could be at any nearby
quiet location, e.g. the elbow. The next stages will need to be BP filters, and
phase shifts are not very important. The next stage could be another amplifier
stage, followed by some sort of isolation device (e.g. an opto-isolator).
ECE4781 students learn that it is not safe to connect a patient to line ground.
One way to quantify muscle activity is to rectify then integrate the EMG signal.
This data processing could be performed using an A to-D converter and software
algorithms.

C. (2 points) Specify and justify the corners you would use for each analog filter
and describe any phase shift considerations.
Muscle spike noise will canse clipping and loss of data if the HP corner is set at a
low frequency. Phase sifts are not very important when there is no stimulus, but
it is possible to conceive a protocol that has some sort of stimulus....

D. (2 points) What sort of feedback would you provide to the patient to help the
patient quantify the level of motor control of his/her finger.

We could use sounds or plots to reveal when a high level of motor control has
occurred. The student can be very creative here.
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