
Ph.D. Preliminary Examination  Code Number ____________ 
Spring 2010 

Instructions: 
1. Please check to ensure that you have a complete exam booklet. There are 25 

numbered problems. Note that Problem 1 occupies 2 pages, Problem 2 occupies 2 
pages and Problem 18 occupies 2 pages. Including the cover sheet, you should 
have 29 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. 

(c) 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: CompE-ECE2030)       Code Number:_________ 
Consider the following K-map for the boolean function f( ): 

 
(a) Give a minimal sum of products form expression for the function f( ) below: 
f(wxyz) = 
 
 
 
 
 
 
 
(b) Give a minimal product of sums expression for the same function f( ) below: 
f(wxyz) = 
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Problem 1 (Core: CompE-ECE2030)       Code Number:_________ 
 
(c) Show an implementation of the function obtained in part (a) using a minimum 

number of inverters and NOR gates only. You must use only two or three input NOR 
gates in your design and may give your final circuit in mixed-logic notation if you 
prefer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Show an implementation of the function obtained in part (b) using a minimum 

number of inverters and NAND gates only. You must use only two or three input 
NAND gates in your design and may give your final circuit in mixed-logic notation 
if you prefer. 
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Problem 2 (Core: CompE-ECE2030)  Code Number:__________ 
 

a. (4 pts) Consider an encryption device where a 3-bit input number is encrypted by 
performing a bit by bit exclusive-OR operation with a secret key 110 followed 
by a circular left shift of the result by one bit. Design and show a minimized 
circuit implementation of this device using only 2 input NAND gates. 
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Problem 2 (Core: CompE-ECE2030)  Code Number:__________ 
 

b. (6 pts) Draw the waveform of A. Flip flops use two phase non-overlapping 
clocks. Assume all registers and latches are initialized to 0 and ignore gate delays. 
State any other assumptions you wish to make. 
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Problem 3 (Core: CompE-ECE3055)  Code Number:__________ 
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Problem 4 (Core: CompE-ECE3060)  Code Number:__________ 
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 Problem 5 (Core: E&M-ECE3025)   Code Number:__________ 
A coaxial transmission line is constructed from two conducting cylindrical shells, 
one of radius 2 mm and the other of radius 5 mm, centered along the z-axis and 
separated by a material with r = 4.0 and r = 1.0 . When energized so that a 
current flows down one cylinder and returns on the other, the magnetic field 
between the cylinders is 
 

 
where ! (the radial distance from the center) is in units of meters. You may use 
"0 = 4 !10-7 H/m. Provide numerical answers whenever possible. 
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Problem 6 (Core: E&M-ECE3065)   Code Number:__________ 
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Problem 7 (Core: EDA-ECE2040)   Code Number:__________ 
Revision requested 
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Problem 8 (Core: EDA-ECE3050)   Code Number:__________ 
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Problem 9 (Core: Power-ECE3070)   Code Number:__________ 
 
A 7.5 kVA, 440/220 V transformer has the following readings from Open Circuit (OC) 
and Short Circuit (SC) tests: 
 
OC test: Voc = 220 V, Ioc = 1 A,  Poc = 50 W 
SC test: Vsc = 15V,  Isc = 17A, Psc = 60 W 
 
Find the equivalent circuit and all parameters referred to the high voltage side. 
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Problem 10 (Core: Power-ECE3070)  Code Number:__________ 
 
A 6-pole, 230-V (L-L), 60 Hz, Y-connected stator, three phase induction motor has the 
following parameters on a per phase basis, all referred to the stator side: 
 
Stator resistance = 0.5 ohm 
Stator leakage reactance = 0.75 ohm 
Rotor resistance referred to stator side = 0.25 ohm 
Rotor leakage reactance referred to stator side = 0.05 ohm 
Core loss equivalent resistance = 500 ohm 
Magnetizing current is small enough to be neglected.  
Neglect mechanical losses. 
 
Use the approximate equivalent circuit for the motor, which has the core loss resistance 
across the input terminals to the circuit. Draw the circuit, insert your symbols, and then 
determine the efficiency of the motor at its rated slip of 2.5%. 
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Problem 11 (Core: Microsystems-ECE3040) Code Number:__________ 
 

In the diagram below, USING SOLID LINES, draw the total minority carrier 
distribution on a LINEAR SCALE for an N+-P-N- BJT under “low-level” Normal 
Active Region bias conditions.  Clearly indicate the polarity of the voltages VBE and VBC, 
the minority carrier types, and the boundary values of excess minority carrier 
concentrations in each region (in list below the figure).  To construct carrier distribution 
profiles, use the “narrow base” approximation to simplify your drawing.  The sketch of 
each curve should also reflect relative magnitudes of the equilibrium and excess carrier 
concentrations for a N+-P-N- BJT.  Random drawings will receive zero credit—even if 
they look like a Picasso–use your best “engineering artistic skills”. 
 

 
     Normal Active Region    
 

pE (x”=0) = ______________________  pC (x’=0) = ________________________ 
 

nB (x=0) = ________________________    nB (x=W) = 
________________________ 
 

 
 



 16 

Problem 12 (Core: Microsystems-ECE3080) Code Number:__________ 
 
A semiconductor is characterized by the energy band diagram below. It is also known 
that EG = 1.12 eV, kT = 0.0259 eV, ni = 1010 cm-3, µn = 1350 cm2/Vs, µp = 460 cm2/Vs 
and n = 10-4 s. 

 
 
(a) Sketch the electrostatic potential and the electric field inside the semiconductor as a 

function of x, labeling the positions x = 0, xa, xb, and xc. 
(b) Sketch the electron concentration n as a function of the position x (indicate ni) and 

calculate n at x = xa and x = xc. 
(c) Calculate the resistivity of the semiconductor at x = xa and x = xc. 
(d) Is there an electron drift current at x = xa? Is there an electron diffusion current at x 

= xa? What is the total electron current density Jn at x = xa? Explain your answers 
but don’t calculate particular values for the diffusion and drift current. 

(e) An electron at x = xb with total energy E = EC moves from x = xb to x = 0 without 
changing its total energy. What is the kinetic energy of the electron upon arriving at 
x = 0? 

(f) By illumination, an excess of electron-hole pairs is generated at x = xc at a rate GL = 
1019 cm-3 s-1. Calculate the resistivity of the semiconductor at x = xc after 
illumination. 

 
 



 17 

Problem 13 (Core: DSP-ECE2025)   Code Number:__________ 
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Problem 14 (Core: DSP-ECE3075)   Code Number:__________ 
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Problem 15 (Core: S&C-ECE3085)   Code Number:__________ 
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Problem 16 (Core: S&C-ECE3085)   Code Number:__________ 
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Problem 17 (Specialized: Comp Science-CS3210) Code Number:______ 
 
Barriers 
 

The BuggyBarrier algorithm given below is an attempt to implement a function that is used in multi-
threaded applications to insure that all threads have completed some sub-task before proceeding to the 
next sub-task. Here, we assume that the barrier function is entered repeatedly by all threads, after each 
thread has performed some specific computation and must wait for all others to complete their 
computation as well. 

Explain why the BuggyBarrier algorithm below is incorrect. Assume the variable CountBarrier is 
a global variable visible to all threads in the application. Assume that the FetchAndIncrement operation 
increments the CountBarrier variable atomically, and returns the value of the CountBarrier 
variable before it’s incremented. Also assume that variable numprocs indicates the total number of 
processes participating in the barrier. Finally assume that spin call means do nothing. 
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Problem 18 (Specialized: Software Sys- ECE3035) Code Number: _____ 
 
Suppose we have the following C code segment: 
 
main() { 
 int x; 
 int n=6; 
 … 
 foo(n); 
 x = x + 1; 
 … 
} 
 
void foo (int n) { 
 int a[5]; 
 int i; 
 
 for(i=0;i<5;i++) a[i] = i; 
 for(i=0;i<=5;i++) a[i] = a[i] – 4; 

 
return; 

} 
 
Assume that  

(1) the above code is compiled and executed on a 32-bit MIPS computer where each 
instruction is 4 bytes long. 

(2) statement ‘x=x+1’ in ‘main’ is complied into an add instruction at address 1000. 
(3) all the input parameters are passed through the stack. 
(4) it is the caller’s responsibility to push the input parameters onto the stack. 
(5) it is the callee’s responsibility to store the return address onto the stack. 
(6) local variables in a function are allocated in the order that they are declared. 
(7) local variables follow the return address immediately on the stack. 
(8) the stack grows downwards (i.e. the top of the stack is at a lower address than the 

bottom). 
 
There is a problem with the above code, it will cause the program to behave drastically. 
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Problem 18 (Specialized: Software Sys- ECE3035) Code Number: _____ 

 
Part 1: The following figure shows the content of the stack when ‘main’ is ready to call 
‘foo’ (suppose the stack is at 6000 when ‘foo’ is called.) Fill the content of the stack 
when ‘foo’ finishes the first ‘for’ loop. 
 

 
 
 
 
 
 
 
 
 
 
Use more rows as necessary 
 
 
 
 

Part 2: Fill the content of the stack when ‘foo’ finishes the second ‘for’ loop and is about 
the return. 
 

 
 
 
 
 
 
 
 
 
 
Use more rows as necessary 
 
 
 
 

Part 3: What will happen with the code? 
 

address content 
… … 
6000 6 (the input parameter) 
5996  
  

address content 
… … 
6000 6 
5996  
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Problem 19 (Specialized: Telecom-ECE3076) Code Number:_________ 
What are the characteristics of an Internet Autonomous System (AS). 

1.  It has a block of Internet Protocol (fill in the word) ___________________________ ,  

2.  assigned by what organization? ____________________________ 

3.  If it also a "domain", it must maintain two servers, of what type? ____________________________ 

4.  An Autonomous System has a boundary router or routers that connect to the  

worldwide Internet using what routing protocol?  _____________________________ 

5.  What routing protocol is most likely to be used internally by a contiguous AS like Georgia 
Tech? 

 _____________________________ 

- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - 

6. What causes the transit time for Internet datagrams to vary? __________________________________ 

 

7. What causes Internet datagrams to arrive out of order? _______________________________________ 

 

8. Why are there no MAC address conflicts when a local area network is a mixture of wired 
Ethernet (IEEE 802.3) hosts and wireless WiFi  (IEEE 802.11) hosts. 

 _____________________________________________________ 

 

9.   If signals travel at 2E8 m/s through 100 Mb/s fiber and wire connections, what is the 
minimum round trip time, RTT, between hosts over a 4000 km path length (neglecting any 
delay at nodes)? 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

10. What is the maximum data transfer rate for a single TCP connection between a host in 
Atlanta and a host in Chattanooga if the round trip delay is 20 milliseconds, the connection bit 
rate is 100 Mbps, and the TCP window size is 24,000 bytes?   

____________________________________________________________________________ 

 

____________________________________________________________________________ 
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Problem 20 (Specialized: Optics-ECE4500) Code Number:__________ 
 
Focused Laser Beam Spot Size 
 
!"#$%#&'%$('&#")#*)+,%#-.#-(/).0$).#1-%'(#2'-3#4$.#-$(5#")#"6'#%3-11'%"#7)%%$21'#%7)"#
%$8'#,%$./#-#+)33'(+$-119#-:-$1-21'#)7"$+-1#1'.%;#<6'#-(/).0$).#1-%'(#$%#)7'(-"$./#-"#
-#*(''%7-+'#=-:'1'./"6#)*#>??;@#nm;#<6'#1-%'(#+-.#2'#-&A,%"'&#")#7()&,+'#-#
+)11$3-"'&#B-,%%$-.#2'-3#)*#'$"6'(#C#mm#&$-3'"'(#)(#D#mm#&$-3'"'(;#E)33'(+$-1#
1'.%'%#-('#-:-$1-21'#=$"6#*)+-1#1'./"6%#)*#CD#mm#-.&#D@#mm;##F)"6#1'.%'%#+-.#
-++)33)&-"'#'$"6'(#2'-3#&$-3'"'(#-.&#7()&,+'#&$**(-+"$).01$3$"'&#7'(*)(3-.+';#
#
G7'+$*9#-#1'.%#-.&#-#2'-3#&$-3'"'(#+)32$.-"$).#")#7()&,+'#"6'#%3-11'%"#7)%%$21'#
*)+,%'&#1-%'(#2'-3#%7)"#%$8';#E-1+,1-"'H#%6)=$./#-11#=)(IH#"6'#&$-3'"'(#)*#"6'#
('%,1"$./#*)+,%'&#1-%'(#2'-3#%7)";#JK7('%%#9),(#-.%='(#$.#microns#-++,(-"'19#")#
*),(#%$/.$*$+-."#*$/,('%;#L,"#-11#)*#9),(#*$.-1#-.%='(%#$.#"6'#%7-+'%#7():$&'&;#
#
#
M'.%#*)+-1#1'./"6#N#OOOOOOOOOOOOOOOOOOOOOOOO###mm.#
#
#
M-%'(#2'-3#&$-3'"'(#N#OOOOOOOOOOOOOOOOOOOOOOO###mm.#
#
#
P$.$3,3#%7)"#%$8'#&$-3'"'(#N#OOOOOOOOOOOOOOOOOOOO#"m.#

 
#
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 Problem 21 (Specialized: Optics-ECE4501) Code Number:__________ 
 
Geometric Optics 

A double convex lens has a diameter of 5 cm and zero thickness at its edges.  A 
point object on an axis through the center o the lens produces a real image on the 
opposite side.  Both object and image distances are 30cm, measured from a plane 
bisecting the lens which has a refractive index of 1.520.   

a) Sketch the lens together with two paths one path being a marginal ray and the 
other being an axial ray, identify each. 

b) What can be said of the two paths between object and image? 
c) Determine the thickness of the lens 
d) What is the focal length of the lens? 
e) If the point object is moved 1cm above the optic axis where is the new image 

located? 
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Problem 22 (Specialized: Microsystems-ECE4752) Code Number:____ 
 

A two-step boron diffusion is performed in an n-type wafer with substrate 
doping of 3 ! 1016 cm-3.  Predeposition is done at 900°C for 15 min followed 
by a 5-hr drive in at 1100°C.  Assume D = 1.45 ! 10-15 cm2/s at 900°C and D 
= 2.96!10-13 cm2/s at 1100°C 

 
(a) Find the surface concentration and dose after the predeposition if the 

solubility of boron at 900°C is 1.2 ! 1020/cm3  
(b) Find the junction depth after the drive in if the surface concentration is 

1.1!1018/cm3 after the drive in 
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Problem 23 (Specialized: Bio Eng-ECE4784) Code Number:_________ 
 
Draw a general action potential for a nerve.  Include the temporal characteristics for the 
sodium and potassium conductances.  Include relative numbers for the potential and 
time axes.  Label the schematic with critical features, regions, values, etc. 
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Problem 24 (Specialized: Bio Eng-ECE4782) Code Number:_________ 
 
The intracellular and extracellular concentrations and conductances for the axon of a 
newly discovered squid species at rest are given below.   
A) Find the Nernst potential for Na+, K+, and Cl-. 
B) Find the membrane resting potential. 
 
k = 1.38 ! 10-23 J/K 
q = 1.6 ! 10-19 oC 
T  = 37 oC 
 
Species Intracellular (mM) Extracellular (mM)   Conductances (mS/cm2) 
K  500   10   0.415 
Na  70   350   0.010 
Cl  24   350   0.582 
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Problem 25 (Specialized: Bio Eng-ECE4781) Code Number:_________ 
 
Draw a standard electrocardiogram for a healthy human being.  Label the intervals and 
describe the relevant heart function for each interval. 
 
 
The resting (or filling) phase of the heart cycle is called the _____________________ . 
 
 
The contractile (or pumping) phase of the heart cycle is called the _________________. 
 
 


