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Problem 1 (ECE Core)

Code Number

Periodic continuous-time signal x(t) is shown below.

0 1 2 3

x(t)

t4-1-2

e−2t

Find the Fourier-series coefficients, ck, for x(t).



Code Number____________ 

Problem 2 (ECE Core) 

A 50  lossless transmission line (length l = 2.5!) is terminated with a resistance of 35 .  The 
transmission line is driven by a voltage source with Vs = 100"0o V and a source impedance of 
50 .  Determine 

  (a.) the input impedance seen looking into the transmission line input 
terminals.  

 (b.) the phasor voltage at the input terminals of the transmission line. 
 (c.) the time-average power delivered to the transmission line input terminals.  

  (d.) the magnitude of the voltage at the load. 



Code Number___________ 

Problem 3 (ECE Core) 

A rectangular waveguide cavity filled with teflon ( r=2.6) has the following dimensions:  
width = 3cm, height = 2cm, and length =4cm.  Determine 

(a.) the lowest resonant frequency of the TMmnp modes. 
(b.) the lowest resonant frequency of the TEmnp modes. 

  (c.) the dominant cavity mode. 



Code Number _________________

Problem 4 (ECE core)

What is the maximum current i1 that can be provided to the load in the circuit below?

load+
−

20Ω 25Ω

5Ω30V i1

What is the maximum power that can be transferred to the load?



Code Number___________ 

Problem 5 (ECE Core) 

A three-phase, 2400 V, 60 Hz, 8-pole, wye-connected synchronous generator has 5 ohms per 
phase synchronous reactance and negligible stator resistance.  The generator is connected to a 
2400 V infinite bus, and delivers 150 amperes at 0.8 pf. lagging. Neglect rotational losses. 

         a. Calculate the induced (generated) voltage by the generator         Eind   = ____________ V 

         b. Determine the power angle                                                                  = ____________ 0

         c. Determine the output power                                           Pout    = ___________ kW 

     Attention: draw the equivalent circuit model of the synchronous generator 



         Code number ____________ 

Problem 6 (ECE core)

For the Sallen-Key biquadratic circuit (shown) and the simulation results of its Bode magnitude plot, 
determine 

(a) Simulated (extract from Bode plot) and the analytical 
values for quality factor Q,  

(c)  Analytical values for characteristic frequency  f0 and 
for (the expected) fpeak.

 (e)  On the Bode magnitude plot the 3dB levels to each 
side of the peak are marked by the two cursors, which are 
extended to the empty phase plot below.  Trace the 
expected phase plot for this circuit on the empty phase 
plot.  Be sure to identify the correct phase values at each 
of the two 3dB levels 

(Magnitude plot) 

(Phase plot)





Code Number____________ 
Problem 8 (ECE Core) 

ECE 3714 (Digital Devices) PhD Qualifying Exam 
 
 

A. Give the truth table of the logic network below: 
 

 
 

 
 
 
 
 
B. Complete the timing diagram for the Y output for all clock cycles. 

DFF is rising edge 
triggered 

asynchronous reset, high-true 

D Flip-Flop 

D 

Y?? 

CLK 
R 

R 

D

CLK 

Y

R
Q’C

QD



Code Number____________ 
Problem 8 (ECE Core) 

C.   The ASM chart below specifies the behavior for the finite state machine that is controlling the counter 
that is shown.   On the timing diagram, fill out the waveforms for the State, ld, en, and Q values given the 
Start and D values shown.  Draw the waveforms through state S2 of the ASM.   Assume the counter and 
FSM are rising-edge triggered. 
 
 

Counter  
 

CLK

$ 40 $ 50 $70$ 60 $ 90 $ 08 $ 04D

Start

Start?

S0

S1

S2

0

1

ASM

ld

en

en

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

State S0

ld

en

Q

CLK

$ 40 $ 50 $70$ 60 $ 90 $ 08 $ 04D

Start

Start?

S0

S1

S2

0

1

ASM

ld

en

en

Start?

S0

S1

S2

0

1

ASM

ld

en

en

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

ld

D

Q
8

8

Q[7:0]

D[7:0]

FSM

ClkClk

ld
start

en
sclr

ensclr

State S0

ld

en

Q

Finite state machine

Counter behavior (ALL output changes occur on rising clock edge!)  
  When en is asserted, the counter counts up. 
  When ld is asserted, the counter loads from the D inputs. 
   When sclr is asserted, the counter is cleared. 
 
If neither en, ld, or sclr is asserted, the counter holds the current value. 



Code Number____________ 
Problem 9 (ECE Core) 

ECE 3724 (Microprocessors) PhD Qualifying Exam 
 
Assume a microprocessor with R0 thru R7 16-bit registers. The processor has Z (zero), C (carry), N 
(negative, value of Most Significant Bit of result), and V (2’s complement overflow) status flags. Multi-
byte values are assumed stored in little-endian order in memory (Least Significant Byte first). All load and 
store operations move 16-bit values from/to memory. 
 
Some instructions for this processor are 
 
 
LDI    16-bit immediate, Rn         16-bit imm   Rn       -- loads a 16-bit immediate, no flags affected 
 
LD     [Rx,n], Ry                             [Rx+n]  Ry                   -- the contents of memory location [Rx +n] is 
loaded into register Ry.  No flags affected. ‘n’ is an 8-bit 2’s complement offset. 
 
 
ST      Ry, [Rx,n]                            Ry  [Rx+n]                    -- the contents of Register Ry is stored at 
memory location [Rx+n], no flags affected. ‘n’ is an 8-bit 2’s complement offset. 
 
TEST   Rx,Ry                                      Rx-Ry                    -- performs Rx-Ry for testing purposes, all flags 
are affected, no register contents are altered. Carry flag is set to ‘1’ if no borrow occurs, Carry is cleared to 
‘0’ if borrow occurs. 
 
ADD       Rx,Ry, Rz                        Rx + Ry   Rz                      -- add operation, all flags affected 
 
ADDC     Rx,Ry, Rz                        Cflag + Rx + Ry   Rz         -- add with carry operation, all flags 
affected 
 
SUB       Rx,Ry, Rz                        Rx - Ry   Rz                      -- subtract operation, all flags affected. 
Carry flag is set to ‘1’ if no borrow occurs, Carry is cleared to ‘0’ if borrow occurs. 
 
SUBB     Rx,Ry, Rz                       Rx – Ry – NOT(CFLAG)   Rz       -- subtract with borrow operation, 
all flags affected 
 
 
 
BZ       address                  (branch on Z=1 to address) 
BNZ    address                  (branch on Z=0 to address) 
BC       address                  (branch on C=1 to address) 
BNC    address                  (branch on C=0 to address) 
BV      address                  (branch on V=1 to address) 
BNV    address                  (branch on V=0 to address) 
BN       address                  (branch on N=1 to address) 
BNN    address                  (branch on  N=0 to address) 
BRA   address                   unconditional branch 
 
 



Code Number____________ 
Problem 9 (ECE Core) 

 Question:   
For the C code in the following questions, an ‘int’ is a 16-bit value (2 bytes), a ‘char’ is a 8-

bit value (1 byte), and a ‘long’ is a 32-bit value (4 bytes). Multi-byte values are stored in 

little endian order, Memory is byte addressable (all addresses refer to byte values). 

 
 
a. Write assembly code that implements the following C code fragment: 
 
         unsigned long r, s, t; 
        
         t = r + s; 
 
Assume that the variables are stored beginning at location 0x100 in memory.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. Write assembly code that implements the following C code fragment.  Assume that P, Q are 
stored in  memory beginning at location 0x100. 
 
unsigned int P,Q; 
 
do { 
        /// place holder for loop-body instructions, do not implement 
   }while (P > Q); 
 
 
 
 
 



          Code Number 

 

Problem 10 (ECE Core)   

 

Given a random process 

 !  !  !"#$ ttXtY %cos  

where  is a wide-sense stationary random process, % is a constant, and " is a random 

variable uniformly distributed on the interval 

 !tX
& '(( #)   .  

(a) Find the autocorrelation function of  !tY . 

(b) Find the cross-correlation function of  !tX  and  !tY . 

(c) Is Y  wide-sense stationary? Justify.  !t
 

 

 

 

 



Code Number _________________

Problem 11 (ECE Upper Level)

Consider the circuit below where VDD = 3.3V and the NFET threshold voltage is VTN = 0.6V.
Determine the output voltage vout under the different conditions given.

VDD VDD

vin vout

What the output voltage vout when vin = 1.4V?

What the output voltage vout when vin = 3.1V?



Code Number _________________

Problem 11 (ECE Upper Level)

(CONTINUED)

Now, consider the circuit below where VDD = 3.3V and the NFET threshold voltage is VTN =
0.6V. Determine the output voltage vout under the different conditions given.

VDD

va

voutvb

What the output voltage vout when va = 3.3V and vb = 3.3V?

What the output voltage vout when va = 3.3V and vb = 1.8V?

What the output voltage vout when va = 2.0V and vb = 2.5V?



Code Number ________ 

 

Problem 12 (ECE Upper Level) 

 
Assume that a direct-mapped cache has: Four 4-byte cache blocks (lines); 6-bit memory 
addresses; Write-back and write-allocate policy; memory-byte addressable; big endian byte-
ordering schemes. Assume that all accesses are to READ or WRITE a single byte. 
 
The initial conditions of the data cache memory and a part of memory are: 

 
a. Cache memory (initial condition):  

 
Index # valid dirty Tag Data (in hex) 

00 1 0 00 A1 A2 A3 A4
01 1 0 01 C5 C6 C7 C8
10 1 0 00 B1 B2 B3 B4
11 1 0 01 D5 D6 D7 D8

   
b. A part of Memory (initial condition) 

address Contents (in hex) address Contents (in hex) 
000000 A1 A2 A3 A4 011000 D1 D2 D3 D4
000100 A5 A6 A7 A8 011100 D5 D6 D7 D8
001000 B1 B2 B3 B4 100000 E1 E2 E3 E4
001100 B5 B6 B7 B8 100100 E5 E6 E7 E8
010000 C1 C2 C3 C4 101000 F1 F2 F3 F4
010100 C5 C6 C7 C8 101100 F5 F6 F7 F8

 
The processor of a load/store machine fetched and executes according to the following sequence 
of memory addresses (memory references, from ‘1’ to ‘7’).  

 
Order Memory reference Inst. Type Description 
1 100101 load  
2 101011 load  
3 100111   22 store Write ‘22’ to 100111. 
4 000101 load  
5 001000   33 store Write ‘33’ to 001000. 
6 011010   44 store Write ‘44’ to 011010 
7 000111 load  

 
 
1. Which of the memory references (from ‘1’ to ‘7’) will be misses? You can list the memory 

references by using ‘1’ to ‘7’. 
 

Misses:  

 
 



Code Number___________ 

Problem 13 (ECE Upper Level)

Consider silicon at room temperature. 
The mobility of electrons is 1350 cm2/V-s and the mobility of holes is 480 cm2/V-s.
It is doped with donors and acceptors. Donor concentration is ND=1015 cm-3. Acceptor 
concentration is NA=2x1015 cm-3. Donors and acceptors are shallow. 
The intrinsic carrier concentration is 1.45x1010 cm-3.
Electric field E of 10 V/cm is applied to this semiconductor. 

(a) Calculate the electron and hole concentrations at equilibrium (remember that 
material is doped with both donors and acceptors).  

(b) Calculate the drift current density. Remember that current may be created by 
both electrons and holes. 

(c) Compare the electron and hole component of the drift current calculated in 
(b). Which one is larger – JDn or JDp? Explain, what is responsible for this 
difference?  



Code Number _________ 

Problem 14 (ECE Upper Level) 

Design a circuit that generates a pulse-width modulated signal with 128 different voltage 
levels without using a shift register.  One constraint of the design is that it cannot use 
more than 50 flip-flops. 

inputs:
CLK  clock (~50MHz) 
REF_V fixed 7-bit input, represents the voltage level produced 
  also represents the number of ones in the PWM signal 

outputs:
 PWM_OUT The single-bit pulse-width modulated output 

Operation: 

a.  The module should output a PWM signal 128 bits long.  The number of ones 
output should be equal to the decimal value of REF_V.  If REF_V = 0001111, then 
the PWM output should output 16 ones, then 112 zeros, then repeat. 

c.  Your design can use counters, registers, flip-flops, gates, comparators, adders, 
subtractors, multipliers, muxes, but you cannot use a shift register.  (You also cannot 
build a shift register)  Use the circuit blocks below.

d.  You will need to draw the datapath, and give a plain English explanation for
your design.  You won’t need to use a finite state machine for this design.  You 
MUST label the size of all busses, and show their connections - don’t just assign 
names, draw connections.  (exception: you don’t have to connect the clock inputs) 

ld

D Q
Clk 

en
sclr

counter

N N

ld

D Q
Clk 

en
sclr

counter

N N

LT

Comparator

N
B

N
A

GT

EQ

EQ=1 if A==B;    LT = 1  if A < B

GT = 1 if A > B

LT

Comparator

N
B

N
A

GT

EQ

EQ=1 if A==B;    LT = 1  if A < B

GT = 1 if A > B

ld

D Q

Clk

register

N N

sclr

Q

register

N N



 Code Number: _________________ 
Problem 15 (ECE Upper Level) 

Assume you have a signal that is quantized using bipolar quantization with full range of [-4,4] 
volts and quantization stepsize of 0.0625 volts.  What would be the bit string (binary vector) 
associated with the sample shown in the following figure? 

t

x(t)
analog
signal

digitized
sample

0.26

t

x(t)
analog
signal

digitized
sample

t

x(t)
analog
signal

digitized
sample

0.26



 Code Number: _________________ 
Problem 16 (ECE Upper Level) 

The following is a block diagram of a digital filter.   

z -1 z -1

z -1

+
-1

0.64

x[n] y[n]

z -1z -1 z -1z -1

z -1z -1

+
-1

0.64

x[n] y[n]

a) Derive the I/O difference equation of the system. 
b) Sketch and fully label the pole-zero plot of the system. 
c) Is the system causal or anti-causal? 
d) Is the system stable or unstable? 





Code Number _______________

Problem 18 (ECE Upper Level)

1. Given the frequency response shown on the next page, specify a compensator that will

yield 50E phase margin at each of the following frequencies, if possible.  (One

compensator for each frequency.)  Be sure to completely specify the type of compensator

as well as the characteristics necessary for a successful design.

(a) 0.1 rad/sec

(b) 1.09854 rad/sec

(c) 2.94705 rad/sec

(d) 56.8987 rad/sec

2. If possible, determine the value of gain for an integrator controller which will result in a

30E phase margin.  At what frequency does the phase margin exist with this controller (if

you are able to design it)?  If you are not able to design it, explain why.

 



Code Number _______________

Problem 18 (ECE Upper Level)

        (continue) 

  Freq (rad/sec)      Mag          Mag(db)      Phase (deg)

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

     .100000        299.880        49.5390       -92.2915    

     .115140        260.415        48.3133       -92.6383    

     .132571        226.135        47.0873       -93.0376    

     .152642        196.356        45.8609       -93.4972    

     .175751        170.485        44.6337       -94.0263    

     .202359        148.009        43.4058       -94.6352    

     .232995        128.479        42.1766       -95.3360    

     .268270        111.507        40.9460       -96.1424    

     .308884        96.7545        39.7134       -97.0701    

     .355648        83.9284        38.4782       -98.1371    

     .409492        72.7735        37.2395       -99.3640    

     .471487        63.0677        35.9961       -100.774    

     .542868        54.6182        34.7468       -102.393    

     .625055        47.2572        33.4894       -104.251    

     .719686        40.8388        32.2215       -106.381    

     .828643        35.2360        30.9397       -108.820    

     .954095        30.3387        29.6399       -111.607    

     1.09854        26.0514        28.3166       -114.783    

     1.26486        22.2916        26.9628       -118.393    

     1.45635        18.9885        25.5698       -122.478    

     1.67683        16.0821        24.1269       -127.079    

     1.93070        13.5222        22.6210       -132.227    

     2.22300        11.2680        21.0369       -137.940    

     2.55955        9.28712        19.3576       -144.217    

     2.94705        7.55502        17.5647       -151.031    

     3.39322        6.05327        15.6398       -158.325    

     3.90694        4.76766        13.5661       -166.007    

     4.49843        3.68567        11.3303       -173.955    

     5.17947        2.79396        8.92440        177.980    

     5.96362        2.07649        6.34661        169.954    

     6.86649        1.51390        3.60197        162.122    

     7.90604        1.08409        .701333        154.621    

     9.10298        .763836       -2.34000        147.557    

     10.4811        .530626       -5.50422        141.007    

     12.0679        .364218       -8.77278        135.011    

     13.8950        .247519       -12.1278        129.582    

     15.9986        .166857       -15.5531        124.711    

     18.4207        .111756       -19.0346        120.372    

     21.2095       7.446983E-02   -22.5604        116.530    

     24.4205       4.942666E-02   -26.1208        113.142    

     28.1177       3.270410E-02   -29.7080        110.166    

     32.3746       2.158796E-02   -33.3158        107.559    

     37.2759       1.422431E-02   -36.9394        105.280    

     42.9193       9.359391E-03   -40.5750        103.290    

     49.4171       6.151843E-03   -44.2199        101.555    

     56.8987       4.040307E-03   -47.8717        100.044    

     65.5129       2.651913E-03   -51.5288        98.7288    

     75.4312       1.739819E-03   -55.1899        97.5847    

     86.8511       1.141032E-03   -58.8540        96.5897    

     100.000       7.481297E-04   -62.5205        95.7248    



Code Number___________ 

Problem 19 (ECE Upper Level) 



 
        Code Number___________ 

Problem 20 (ECE Upper Level)

A lossless 10 – turn helical antenna with a circumference of one –wavelength is 
connected to a 78-ohm coaxial line, and it is used as a transmitting antenna in a 500 MHz 
spacecraft communication system. The spacing between turns is  /10. The power in the 
coaxial line from the transmitter is 5 watts. Assuming the antenna is lossless: 
 

a. What is the radiated power? 
b. If the antenna were isotropic, what would the power density (watts/m2) be at a 
    distance of 10 kilometers? 
c. What is the power density (watts/m2) at the same distance when the transmitting  
    antenna is the 10-turn helix and the observations are made along the maximum of  
    the major lobe? 
d. If at 10 kilometers along the maximum of the major lobe an identical 10-turn helix 
    was placed as a receiving antenna, which was polarization-matched to the  
    incoming wave, what is the maximum power (in watts) that can be received? 


