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ECE QUALIFYING EXAM 1 (QEl) 

January 11, 2016 

Student Exam No. 

If your name or any personal identification shows up on any of the paperwork 
that you submit -you will automatically fail the exam. 

This is a closed-book exam. It is designed such that the math skills, as well as the technical 
Electrical Engineering (EE) and Computer Engineering (CE) subjects, are tested. There are a 
total of 18 problems. You have 6 hours to answer any 7 of 18 problems. Of the 18 problems, 
the first 9 are in the context of the CE undergraduate program, and the other 9 are in the context 
of the EE undergraduate program. 

Please number your student exam number at the top right corner of every page submitted, 
followed by the number of the question you are answering, and the number of pages for the 
answer. No names or SU student id should appear on any of the pages you submit. 

Example: Student Exam # 1 
Problem #1 
Page 1 of 6 for this question 

Do not answer more than one problem on the same page. Only use one side of paper. 

When you have finished, check the numbers of the problems that you are submitting and write 
the total number of pages you are submitting on this cover sheet. Do not check more than seven 
problems, or the seven lowest scores will be counted. 

I am submitting problems: 

Os 

010 011 014 015 016 018 

I am submitting a total of ___ answer pages . 



Problem 1. 

Let T(N) be the computing time for using a given algorithm to solve a problem of size N. 

We are given the following recurrent relation T(N) = 3*T(N/3) + N - 2, T(3) = 2, T(2) = 1, 

and T(l) = 0. What is the complexity ofT(N) in terms of the lowest big O expression? 

You need to show detailed steps to justify your result. 



Problem 2. 

Using the Dijkstra algorithm, it is possible to determine the shortest distance between a 

start node and any other node in a graph. The idea of the algorithm is to continuously 

calculate the shortest distance from a starting point, and to exclude longer distances 

when making an update. 

A pseudo is provided below for your reference. 

1: function Dijkstra(Graph, source) : 

2: for each vertex v in Graph: I I Initialization 

I I initial distance from source to vertex vis 
3: dist[v] := infinity 

set to infinite 

I I Previous node in optimal path from 
4: previous[v] := undefined 

source 

5: dist[source] := 0 I I Distance from source to source 

I I all nodes in the graph are unoptimized -
6: Q := the set of all nodes in Graph 

thus are in Q 

7: while Q is not empty: II main loop 

8: u := node in Q with smallest dist[] 

9: remove u from Q 

10: for each neighbor v of u, with v in Q: IIv has not yet been removed from Q. 

11: alt := dist[u) + dist_between(u, v) 

12: if alt< dist[v] I I Relax (u,v) 

13: dist[v] := alt 

14: previous[v] := u 

15: return previous[] 

If N is number of nodes in the graph, analyze the time complexity of the above 

algorithm in terms of lowest big O expression. You need to show detailed explanation 

or proof to justify your result. 



Problem 3. 

Show important steps to perform heapsort on an input sequence 45, 37, 20, 30, 41, 10, 

50. In each step, use an array to represent the heap. 



Problem 4. 

An AVL tree is a special binary search tree in which for each node, the heights of its left 

and right subtrees can differ by at most 1. Construct an AVL tree by inserting nodes with 

keys 16, 12, 14, 7, 4, 6, 11, 13, 18, 10 sequentially using the insertion algorithm. Show 

the tree after each insertion and indicate what rotation is used if applicable. 



Problem 5. 

The following code is written in C, where elements within the same row are stored contiguously . 
Assume each word is 32-bit integer, and A and Bare 16xl6 integer arrays. (hint: 2D array in C 
stores in row first order). 

For (I = O; I < 15; I++) 
For (J = 0; J < 15; J++) 

A[IJ[JJ = B[JJ[IJ + A[JJ[OJ; 

(a) How many 32-bit integers can be stored in a 16-byte cache block? 

(b) References to which variable(s) exhibit temporal locality? 

(c) References to which variable(s) exhibit spatial locality? 

(d) Assume that starting address of matrix A is Ox I 000, and the starting address of matrix B is 
Ox 1800. Consider a 512Byte 2-way set associative data cache with write allocate. Assume each 
cache block is 16 Byte. Calculate the cache hit ratio. 

(e) Assume that write back policy with write allocation is used for the data cache. Also assume 
that the data cache hit time is 1 ns, the main memory read and write bandwidth are both 
0.SGB/sec. The main memory access latency for both read and write is lOOns. Calculate the 
average data memory access time. 



Problem 6. 

Consider the following loop: 
ADD $t3, $zero, $zero #IO 

LOOP: ADDI $t3, $t3, 1 #11 
ADD $tl, $tl' $t2 #12 

LW $tl, 0($tl) #13 
LW $t2, 0($t2) #14 
BEQ $tl' $t2, LOOP #15 
ADD $tl, $t2, $t3 #I6 

SW $tl, 0($t2) #17 
Assume that the branch is taken for the first 100 iterations, then it is not taken. 

(a) Consider a MIPS processor with 5-stage pipeline as shown in the figure located on the next 
page. Assume that the NextPC module is in the EX stage. Also assume that the processor has 
hazard detect ion but no data forwardin ·and it does not su art either dela slot or branch 

rediction. om lete the i eline exec ution dia ·am on the answering sheet to show how each 
instruction is processed during the first 16 cycles. Mark the TD of the correspon mgmstruct 1on m 
the first column of the diagram. For this problem, assume that the branch is always taken. 

(b) How long does it take to complete the above instruction sequence ( considering that the branch 
is taken for the first 100 times and then it is not taken)? 

(c) For all the multiplexers in the following figure, a "O" on the selector connects the output to the 
upper input, while a "l" on the selector connects the output to the lower input. During the 
execution of the instruction sequence, at which clock cycles will the control signal PCSrc be set 
to 1? How about ALUSrc? 

(d) After moving the Next PC module to the ID stage and adding data forwarding function to the 
processor, how much performance improvement in terms of cycle reductions can be obtained for 
the above instruction sequence? 
(e) Modify the instruction sequence so that it works correctly on a processor with 1 delay slot. 
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Problem 7. 

(a) Consider the following data segment in MIPS assembly program. Fill in the content of each 
memory location. Assume the data segment starts from address OxlOOOlOOO and small endian 
format is used . 

. data 
Varl: .BYTE -3 
Var2: .WORD Ox12345678 
Var3: . HALF Oxabcd 

Address +O +1 +2 +3 

Ox10001000 

Ox10001004 

Ox10001008 

(b) Consider the following C code that initializes an integer array A. 

for (i = 0; i < 1024; i++) { 
A[i] = i; } 

Assume that base address of A is in register $s0. After the initialization, another instruction "LB 
$t0, Ox283($s0)" is executed. Assume the machine is BigEndian. What will be the content in $t0 
after the execution? 
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Problem 8 

Programmable Logic Unit Design 

(a) 1-Bit PLU Tabular Specification 

1 1 

A B 

Fl 
1 

1-bit PLU 
FO 

1 
f(A ,B) 

1 

Figure 1: 1-bit Programmable Logic Unit Specification 

Figure 1 shows a 1-bit programmable logic unit (PLU), where Fl and FO specify which logic function 
f(A,B) to compute. Note: all the inputs and outputs are 1-bit. 

Fill in the table below that completely specifies the operation of the 1-bit PLU. 

0 
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(b) 1-Bit PLU Logical Specification 
Express the PL U's behavior as a logical formula using Shannon's expansion. Specifically, if 
PLU(Fl,FO,A,B) is the PLU's function, then 

PLU(Fl , FO, A , B) =Fl'· FO' ·A'· PLU(O, 0, 0, B) +Fl' · FO' ·A· PLU(O, 0, 1, B)+ 

Fl'· FO ·A'· PLU(O, 1, 0, B) +Fl'· FO ·A· PLU(O, 1, 1, B)+ 

Fl· FO' ·A'· PLU(l, 0, 0, B) +Fl· FO' ·A· PLU(l, 0, 1, B)+ 

Fl · FO · A'· P LU(l, 1, 0, B) +Fl · FO ·A· P LU(l , 1, 1, B) 

Fil!l n the following'--ta_b_le_____ ___ 

~ PLU(0,0,0,B) = 

PLU{0,0,1,B) = 

PLU(0 ,1,0,B) = 
------

PL U ( O, l, 1, B) = 
-- - ----

---
- -~ 

_ 

PLU(l,0,0,B) = 

PLU(l,0,1,B) = 

PLU(l ,1,0,B) = 

PLU(l,1,1,B) = 
. 
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Based on the above table, write a logical expression for PLU(Fl,FO,A,B). Take advantage of the 
simplifications for terms that are O or 1 when using Shannon's expansion. 

(c) 1-bit PLU Implementation 
Implement the 1-bit PLU using an 8-1 multiplexer 

l 
0 1 2 3 4 

.1-bit PLU 

f(A,B) 

5 6 7 
Sel2 

Sell 

SelO -
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(d) 4-bit PLU Implementation 
Draw your implementation of a 4-bit PLU using as many 1-bit PL Us as needed . 
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Problem 9 

Controller Design (Finite-State Machine Design) 

Implement the following use-case description using combinational logic and a state register. 

Use case description: Create a completely specified deterministic four-state FSM with a single input x 
and a single output Out with the following behavior: 

1. The initial state is S0. If the input xis 1, the machine transitions to state S1. If the input xis 0, 
the machine changes to state S2 • The output Out is O in state S0 . 

2. If the machine is in state S1, the output Out is 0. If the input xis 1, the machine changes state to 
S3 • If the input xis 0, the machine changes state to S2 • 

3. If the machine is in state S2, the output Out is 0. If the input x is 1, the machine changes to state 
S1. If the input xis 0, the machine changes state to S3. 

4. If the machine is in state S:i,the output Out is 1. Regardless of the value of input x, the machine 
transitions to So. 

Fully document each stage of your design by including: 

1. A state-transition diagram, 

2. A truth table whose inputs are the current machine state and input variables, and whose outputs 
are the next-state functions and output functions, and 

3. Logical formulas for next-state and output functions specifying the combinational logic 
necessary to implement the machine using two D flip-flops, two 4:1 multiplexers, and one 2:1 
multiplexer. 

4. The implementation using D flip-flops, two 4:1 multiplexers, and one 2:1 multiplexer. 

Use the standard binary coding for your state encoding, i.e., 

So : s1so = 00, S1 : s1so = 01, S2 : s1so = 10, S3 : s1so = 11 
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(a) State-transition Diagram 

Draw the state-transition diagram described by the use case. 

(b) Next-state and output truth table 

Present St&te, Input Next State, Output 
·--

st so X nl no Out 

0 0 0 
~--

0 0 1 

0 1 0 

0 1 l 

1 0 0 

1 0 1 

1 Q- ----; 

1 1 
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(c) Logical formulas for next-state and output functions 
Write logical formulas for nl, nO, and Out. Minimization is not necessary. 

(d) Implementation 
Fill in the inputs below that implement the controller 
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Problem 10 

A sphere of radius a carries a non-uniform volume charge: 

Pv = Pvo-r -3 (0 < r < a)[CJ
a m 

where Pvo is a constant and r is the distance from the center of the sphere. This spherical charge 
is surrounded by a dielectric spherical shell with inner and outer radii, a and b, and a conducting 

spherical shell of inner and outer radii, b and c, as shown. The dielectric shell has permittivity E. 

(a) Find the electric field E (with its direction and magnitude) in each of the four regions: 
(i) r < a, (ii) a< r < b, (iii) b < r < c, and (iv) r > c. Show (explain) the details of how you 
obtained the field in each region. 

(b) Find the bound charge densities: ppvinside the dielectric (a< r < b) and pps at the inner 
(r = a) and outer (r = b) surfaces of the dielectric. 

(c) Find the.free surface charge densities: Psat the inner (r = b) and outer (r = c) surfaces of 

the conductor. 

aielectric 



Problem 11 

A DC current I flows in a L x L square loop which is on the x-y plane as shown. Find the 
magnetic flux density Bat the point P1at (L/4, L/2, 0) [9 points] and point P2at (L/2, L/2, L/2). 

1j ~ 
1 
..L 

,. X 
L 

[INTEGRAL FORMULAS] 

J xdx = 1J~ dx = Rn(x +~ x 2 +a 2 
)

x2 +a 2 ( x2 +a2 )Yi Jx 2 + a2 

J x dx = Jx2 + a2 
Jx2 +a2 



Problem 12 

Answer the following two questions. 

(a) An equilateral triangular loop, with side length a and resistance R [O], is at a distanced 
away from a very long straight wire which carries an alternating current 

li(t) = 5 cos rot [A] 

Find the current h(t) induced in the triangular loop. 

a 

~ d 

(b) Define what the cutoff frequencies of the waveguide are and derive the cutoff frequencies 
of the rectangular waveguide whose cross section has the x dimension a [m] and they 
dimension b [m]. The field solution for the TM modes of the rectangular waveguide is 
given by 
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Problem 13: 

The continuous-time signal 

x(t) = sin(207l"t)+ cos(407l"t) 

is sampled with a sampling period T to obtain the discrete-time signal 

. (7l"n) (27l"n)x[n] = sm + cos - - .5 5 

• Find a T that is consistent with the above expression. 

• Is T unique? If yes, explain why. Otherwise, specify another T consistent with the above expression. 



Problem 14: 

Let x = [x[O], x[l], x[2], x[3], x[4], x[5], x[6], x[7]] be a length 8 vector. 

• (5 points) If x is a real vector and the OFT of x are 

X[O] = -2 

X[l] l-j 

X[2] 0 

X[4] 4 

X[6] = 0 

Find the missing X(k), i.e., fork= 3, 5, 7. Please justify. 

• (5 points) Suppose that 

x = [0,0,0,0,a,b,c,d]. 

That is, the first four elements of the vector is 0. The 8-point OFT of x is 

X = [2, -1 - 0.4142j, 2, -1 +0.4142j, 2, -1 +2.4142j, -2, -1 - 2.4142j]. 

Find the 4-point OFT of the sequence [a,b,c, d]. Again, justify your answer. 



Problem 15: 

Consider amplitude modulation (AM) and assume that the noisy received signal is 

r(t) = u(t) + n(t) 

where u(t) = Ac m(t) cos(21r Jct) is the transmitted AM signal. The lowpass message signal m(t) has 

power Pm and bandwidth W. Assume that the carrier frequency fc is much larger than W, i.e., Jc » W. 

The noise component can be expressed as 

n(t) = nc(t) cos(21rJct) - n8 (t) sin(21rJct) 

where nc(t) and n8 (t) are the /owpasscomponents of n(t) with power spectral densities 

Snc(f)=Sn.(f)={ No IJl::;}_V · 
0 otherwise 

We see from the power spectral densities that nc(t) and n8 (t) also have bandwidth of W . 

The received signal r(t) is demodulated by first getting multiplied with cos(21r Jct) and then going through 

an ideal lowpass filter with frequency response 

H(f) = { 1 Ill ::; W . 
0 otherwise 

a) Show that the output of the lowpass filter is y(t) = tm(t) + !nc(t). 

b) Express the signal-to-noise ratio (i.e., the ratio of the power of the signal to the the power of the noise) 

at the output of the lowpass filter. 

Useful Facts 

1. cos2 (2rrJct) = ! + ! cos(4rrJct) 

2. sin(21rJct)cos(21rJct)=! sin(41rJct) 

3. Power of the random signal x(t) can be found as Px = J~
00 

Sx(f) df where Sx(f) is its power 

spectral density. 



Problem 16 

Assume the transit time for electrons across the base of an n-p-n transistor is 
100 ps, and electrons cross the 1-µm depletion region of the collector junction at their 
scattering limited velocity (-10 7 emfs). The emitter-base junction charging time is 30 ps 
and the collector capacitance and resistance are 0.1 pF and 10 n, respectively. Estimate 
the cutoff frequency fr. 



Problem 17 

The noninverting amplifier shown below is built with an op amp having an input 
resistance of2 Mn and an open-loop gain of 90 dB. What is the amplifier closed loop 
input resistance if R1= 20 kn and R2= 510 kn? 
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Problem 18 

For the CMOS circuit below: 
1. Name the digital logic function. Show an input/output logic table for that 

function. Draw the logic symbol. 
2. What channel width-to-length (W/L) ratio is required for each transistor to ensure 

that the worst case rise and fall times are equal (i.e. symmetrical design)? Use the 
CMOS transistor parameters from the table provided and explain your answer. 

3. Draw a modified circuit to handle 4 inputs rather than the 2 shown resulting in the 
same logic function (operating on the 4 inputs). 
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NMOS PMOS 

Value Unit Value Unit 

Vrhreshold 0.6 V -0.6 V 

Body Effect (y) 0.5 -./fi 0.75 -./v 
Junction Potential 
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0.6 V 0.7 V 

Transconductance 
(K') 

100 pJI 
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	ADD 
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	$zero, 
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	LOOP: 
	LOOP: 
	ADDI 
	$t3, 
	$t3, 
	1 
	#11 

	TR
	ADD 
	$tl, 
	$tl' 
	$t2 
	#12 

	TR
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	$tl, 
	0($tl) 
	#13 

	TR
	LW 
	$t2, 
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	#14 

	TR
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	$tl' 
	$t2, 
	LOOP 
	#15 

	TR
	ADD 
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	$t2, 
	$t3 
	#I6 

	TR
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	0($t2) 
	#17 
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	(d) 
	(d) 
	After moving the Next PC module to the ID stage and adding data forwarding function to the processor, how much performance improvement in terms of cycle reductions can be obtained for the above instruction sequence? 

	(
	(
	e) Modify the instruction sequence so that it works correctly on a processor with 1 delay slot. 


	lilstnJcdon 
	Instruction Memory 
	PCSrc ~: 8 lmm2 Rt RegDst ID/EX ALU result Data Memory ~ tajn MEM/WB -1 r,1eu1Writ~ ~Write 1--------::.:,_ _Me-m-Re-aci_ _ ,'-_ler~,~'"' 0 J ---f---[!] 
	(a) 
	(a) 
	(a) 
	(a) 
	Consider the following data segment in MIPS assembly program. Fill in the content of each memory location. Assume the data segment starts from address OxlOOOlOOO and small endian format is used . 

	. data Varl: .BYTE -3 Var2: .WORD Ox12345678 Var3: . HALF Oxabcd 

	(b) 
	(b) 
	Consider the following C code that initializes an integer array A. 


	Address 
	Address 
	Address 
	+O 
	+1 
	+2 
	+3 

	Ox10001000 
	Ox10001000 

	Ox10001004 
	Ox10001004 

	Ox10001008 
	Ox10001008 


	for (i = 0; i < 1024; i++) { A[i] = i; } Assume that base address of A is in register $s0. After the initialization, another instruction "LB $t0, Ox283($s0)" is executed. Assume the machine is BigEndian. What will be the content in $t0 after the execution? 
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	Digital Design 
	Problem 8 Programmable Logic Unit Design 
	(a) 1-Bit PLU Tabular Specification 
	Table
	TR
	TH
	Figure

	1 
	1 

	TR
	TH
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	B 
	Fl 
	1 

	TR
	1-bit PLU 
	FO 

	TR
	1 

	TR
	f(A ,B) 

	TR
	1 

	Figure 1: 1-bit Programmable Logic Unit Specification 
	Figure 1: 1-bit Programmable Logic Unit Specification 


	Figure 1 shows a 1-bit programmable logic unit (PLU), where Fl and FO specify which logic function f(A,B) to compute. Note: all the inputs and outputs are 1-bit. 
	Fill in the table below that completely specifies the operation of the 1-bit PLU. 
	0 
	Digital Desig!1 DO ALL WORK ON ANSWER SHEETS PROVIDED 
	Digital Desig!1 DO ALL WORK ON ANSWER SHEETS PROVIDED 
	·--------
	-

	0 1 0 1 1 00 0 -·---. -------+ -! 0 0 1 1 0--"--~1----~---+--'--------1 1 0 0 ---,-------1-----0 1 
	f(A,B) -I
	Fl FO A 
	Fl FO A 
	B 
	------------1-------1------1 
	0 0 0 
	0 
	(b) 1-Bit PLU Logical Specification 
	Express the PL U's behavior as a logical formula using Shannon's expansion. Specifically, if PLU(Fl,FO,A,B) is the PLU's function, then 
	PLU(Fl , FO, A, B) =Fl'· FO' ·A'· PLU(O, 0, 0, B) +Fl' · FO' ·A· PLU(O, 0, 1, B)+ Fl'· FO ·A'· PLU(O, 1, 0, B) +Fl'· FO ·A· PLU(O, 1, 1, B)+ Fl· FO' ·A'· PLU(l, 0, 0, B) +Fl· FO' ·A· PLU(l, 0, 1, B)+ Fl · FO ·A'· P LU(l, 1, 0, B) +Fl · FO ·A· P LU(l , 1, 1, B) 
	Fil!l n the following'-ta_b_le_____ 
	Fil!l n the following'-ta_b_le_____ 
	Fil!l n the following'-ta_b_le_____ 
	-

	___ 

	~ 
	~ 
	PLU(0,0,0,B) 
	= 

	PLU{0,0,1,B) = 
	PLU{0,0,1,B) = 

	PLU(0 ,1,0,B) = -----PL U ( O, l, 1, B) = -
	PLU(0 ,1,0,B) = -----PL U ( O, l, 1, B) = -
	-
	-

	---
	-
	-

	---
	-

	-~ 


	_ 
	PLU(l,0,0,B) = PLU(l,0,1,B) = PLU(l ,1,0,B) = PLU(l,1,1,B) = 
	. 


	Digital Design __ _ DO ALL WORK ON ANSWER SHEETS PROVIDED 
	Digital Design __ _ DO ALL WORK ON ANSWER SHEETS PROVIDED 
	Based on the above table, write a logical expression for PLU(Fl,FO,A,B). Take advantage of the simplifications for terms that are O or 1 when using Shannon's expansion. 


	(c) 1-bit PLU Implementation 
	(c) 1-bit PLU Implementation 
	Implement the 1-bit PLU using an 8-1 multiplexer 
	l 0 1 2 3 4 .1-bit PLU f(A,B) 5 6 7 Sel2 Sell SelO -
	Figure
	DO ALL WORK ON ANSWER SHEETS PROVIDED 

	(d) 4-bit PLU Implementation 
	(d) 4-bit PLU Implementation 
	Draw your implementation of a 4-bit PLU using as many 1-bit PL Us as needed . 
	Digital Design DO ALL WORK ON ANSWER SHEETS PROVIDED 
	Problem 9 
	Problem 9 
	Controller Design (Finite-State Machine Design) 
	Controller Design (Finite-State Machine Design) 
	Implement the following use-case description using combinational logic and a state register. 
	Use case description: Create a completely specified deterministic four-state FSM with a single input x and a single output Out with the following behavior: 
	1. 
	1. 
	1. 
	The initial state is S0. If the input xis 1, the machine transitions to state S1. If the input xis 0, the machine changes to state S2 • The output Out is O in state S0 . 

	2. 
	2. 
	If the machine is in state S1, the output Out is 0. If the input xis 1, the machine changes state to S3 • If the input xis 0, the machine changes state to S• 
	2


	3. 
	3. 
	If the machine is in state S2, the output Out is 0. If the input x is 1, the machine changes to state S1. If the input xis 0, the machine changes state to S. 
	3


	4. 
	4. 
	If the machine is in state S:i,the output Out is 1. Regardless of the value of input x, the machine transitions to So. 


	Fully document each stage of your design by including: 
	1. 
	1. 
	1. 
	A state-transition diagram, 

	2. 
	2. 
	A truth table whose inputs are the current machine state and input variables, and whose outputs are the next-state functions and output functions, and 

	3. 
	3. 
	Logical formulas for next-state and output functions specifying the combinational logic necessary to implement the machine using two D flip-flops, two 4:1 multiplexers, and one 2:1 multiplexer. 


	4. The implementation using D flip-flops, two 4:1 multiplexers, and one 2:1 multiplexer. Use the standard binary coding for your state encoding, i.e., 
	So : s1so = 00, S1 : s1so = 01, S2 : s1so = 10, S3 : s1so = 11 

	DO ALL WORK ON ANSWER SHEETS PROVIDED 
	DO ALL WORK ON ANSWER SHEETS PROVIDED 
	(a) State-transition Diagram 
	Draw the state-transition diagram described by the use case. 
	(b) Next-state and output truth table 
	Present St&te, Input Next State, Output ·--st so X nl no Out 0 0 0 ~--0 0 1 0 1 0 0 1 l 1 0 0 1 0 1 1 Q-----; 1 1 

	DO ALL WORK ON ANSWER SHEETS PROVIDED 
	DO ALL WORK ON ANSWER SHEETS PROVIDED 
	(c) Logical formulas for next-state and output functions 
	Write logical formulas for nl, nO, and Out. Minimization is not necessary. 
	(d) Implementation 
	Fill in the inputs below that implement the controller 
	DO ALL W,Q;fl!( ON ANSWER SHEETS PROVIOED 
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	Problem 10 
	Problem 10 
	A sphere of radius a carries a non-uniform volume charge: 
	r (0 < r < a)
	Pv = Pvo-
	-3 

	[CJ
	a m 
	where Pvo is a constant and r is the distance from the center of the sphere. This spherical charge is surrounded by a dielectric spherical shell with inner and outer radii, a and b, and a conducting spherical shell of inner and outer radii, b and c, as shown. The dielectric shell has permittivity E. 
	(a) 
	(a) 
	(a) 
	(a) 
	Find the electric field E (with its direction and magnitude) in each of the four regions: 

	(i) r < a, (ii) a< r < b, (iii) b < r < c, and (iv) r > c. Show (explain) the details of how you obtained the field in each region. 

	(b) 
	(b) 
	Find the bound charge densities: ppvinside the dielectric (a< r < b) and pps at the inner (r = a) and outer (r = b) surfaces of the dielectric. 

	(c) 
	(c) 
	Find the.free surface charge densities: Psat the inner (r = b) and outer (r = c) surfaces of the conductor. 


	ielectric 
	a

	A DC current I flows in a L x L square loop which is on the x-y plane as shown. Find the magnetic flux density Bat the point P1at (L/4, L/2, 0) [9 points] and point P2at (L/2, L/2, L/2). 





	1j ~ 
	1j ~ 
	1j ~ 
	1 
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	L 
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	X 
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	[INTEGRAL FORMULAS] 
	[INTEGRAL FORMULAS] 
	xdx = 1
	J 


	J~ dx = Rn(x +~ x +a )( x2 +a2 )Yi Jx 2 + a2 
	2 
	2 
	x2 +a 2 

	Sect
	Figure
	J x dx = Jx2 + a2 Jx2 +a2 

	Answer the following two questions. 
	(a) An equilateral triangular loop, with side length a and resistance R [O], is at a distanced away from a very long straight wire which carries an alternating current 
	li(t) = 5 cos rot [A] Find the current h(t) induced in the triangular loop. 
	a 
	Figure

	~ d 
	~ d 

	(b) Define what the cutoff frequencies of the waveguide are and derive the cutoff frequencies of the rectangular waveguide whose cross section has the x dimension a [m] and they dimension b [m]. The field solution for the TM modes of the rectangular waveguide is given by 
	Figure
	VECTOR DERIVATIVES 
	VECTOR DERIVATIVES 
	RECTANGULAR COORDINATES av av av

	v'V=a -+a -+a 
	v'V=a -+a -+a 
	-

	xax Y&y zBz 
	xax Y&y zBz 

	v'. A = 8Ax + 8Ay + BAz 8y Bz 
	ax 

	8Az BAyJ 8Ax _ 8Az ) + a (8Ay -~J
	v'x A= ax fy-Bz + ay


	az ax ax 8y
	az ax ax 8y
	(
	( 

	z 
	222
	222
	2 av av av
	v'V=-+-+
	-

	ax2 ay2 az2 

	CYLINDRICAL COORDINATES av 1av av
	v'V=a -+a¢--+a 
	v'V=a -+a¢--+a 
	v'V=a -+a¢--+a 
	-


	P 8p p 8</J z Bz 
	1 a 1 BA¢ aAZ
	v'·A=--(pA )+--+
	v'·A=--(pA )+--+
	-


	p Bp P p 8</J Bz 
	1 8Az 8A</i J ( 8AP 8Az J 1[ 8
	v' x A = a -----+ a ---+ a --(pA ¢ 
	P p 8</J az ¢ Bz 8p z p Bp 
	( 

	Figure
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	SPHERICAL COORDINATES av 1 av 1 av
	v'V = a -+ a --+ a --
	v'V = a -+ a --+ a --
	-


	r 8r r ae ¢ r sine 8</J 
	9 

	1 a 1 a . 1 BA¢
	2 

	v' ·A= -(r Ar)+ ---(A sme) + -
	9 
	-

	r 8r r sine ae r sine a</) 
	2

	v' x A = ar ~ [~ (A¢ sine) -BAa] 
	r sme ae a</) 
	1 [ 1 8Ar 8 ] 1 [ a 8Ar J
	+ a--. -----(rA(ll) + a(ll--(rA ) -r sme 8</J 8r r Br ae 
	9 
	9
	-

	2 v2v = _1 ~ (r2 av)+ 1 a (sine av)+ 1 av rar 8r rsine ae ae rsine a</)2 
	2 
	2
	2 
	2

	The continuous-time signal 
	x(t) = sin(207l"t)+cos(407l"t) is sampled with a sampling period T to obtain the discrete-time signal . (7l"n) (27l"n)
	x[n] = sm +cos --.
	5 5 
	5 5 

	• 
	• 
	• 
	Find a T that is consistent with the above expression. 

	• 
	• 
	Is T unique? If yes, explain why. Otherwise, specify another T consistent with the above expression. 


	Let x = [x[O], x[l], x[2], x[3], x[4], x[5], x[6], x[7]] be a length 8 vector. 
	• (5 points) If x is a real vector and the OFT of x are 
	X[O] = -2 X[l] l-j X[2] 0 X[4] 4 X[6] = 0 
	X[O] = -2 X[l] l-j X[2] 0 X[4] 4 X[6] = 0 

	Find the missing X(k), i.e., fork= 3, 5, 7. Please justify. 
	• (5 points) Suppose that x = [0,0,0,0,a,b,c,d]. 
	That is, the first four elements of the vector is 0. The 8-point OFT of x is 
	X = [2, -1 -0.4142j, 2, -1 +0.4142j, 2, -1 +2.4142j, -2, -1 -2.4142j]. 
	Find the 4-point OFT of the sequence [a,b,c, d]. Again, justify your answer. 
	Consider amplitude modulation (AM) and assume that the noisy received signal is r(t) = u(t) +n(t) where u(t) = Ac m(t) cos(21r Jct) is the transmitted AM signal. The lowpass message signal m(t) has power Pm and bandwidth W. Assume that the carrier frequency fc is much larger than W, i.e., Jc » W. 
	The noise component can be expressed as n(t) = nc(t) cos(21rJct) -n8 (t) sin(21rJct) where nc(t) and n8 (t) are the /owpasscomponents of n(t) with power spectral densities 
	Snc(f)=Sn.(f)={ No IJl::;}_V · 
	0 otherwise We see from the power spectral densities that nc(t) and n8 (t) also have bandwidth of W. 
	The received signal r(t) is demodulated by first getting multiplied with cos(21r Jct) and then going through an ideal lowpass filter with frequency response 
	H(f) = { 1 Ill ::; W . 0 otherwise 
	a) Show that the output of the lowpass filter is y(t) = tm(t) + !nc(t). 
	b) Express the signal-to-noise ratio (i.e., the ratio of the power of the signal to the the power of the noise) at the output of the lowpass filter. 
	Useful Facts 
	Useful Facts 
	1. 
	1. 
	1. 
	cos(2rrJct) = ! + ! cos(4rrJct) 
	2 


	2. 
	2. 
	sin(21rJct)cos(21rJct)=! sin(41rJct) 

	3. 
	3. 
	Power of the random signal x(t) can be found as Px = J~Sx(f) df where Sx(f) is its power spectral density. 
	00 



	Assume the transit time for electrons across the base of an n-p-n transistor is 100 ps, and electrons cross the 1-µm depletion region of the collector junction at their scattering limited velocity (-10 emfs). The emitter-base junction charging time is 30 ps and the collector capacitance and resistance are 0.1 pF and 10 n,respectively. Estimate the cutoff frequency fr. 
	7 

	The noninverting amplifier shown below is built with an op amp having an input resistance of2 Mn and an open-loop gain of 90 dB. What is the amplifier closed loop input resistance if R1= 20 kn and R2= 510 kn? 
	•< t'x + Uo u.~ vld -R2-i2 v, i1 R1 --
	For the CMOS circuit below: 
	1. 
	1. 
	1. 
	Name the digital logic function. Show an input/output logic table for that function. Draw the logic symbol. 

	2. 
	2. 
	What channel width-to-length (W/L) ratio is required for each transistor to ensure that the worst case rise and fall times are equal (i.e. symmetrical design)? Use the CMOS transistor parameters from the table provided and explain your answer. 

	3. 
	3. 
	Draw a modified circuit to handle 4 inputs rather than the 2 shown resulting in the same logic function (operating on the 4 inputs). 
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	Parameter 
	Parameter 
	Parameter 
	NMOS 
	PMOS 

	Value 
	Value 
	Unit 
	Value 
	Unit 

	Vrhreshold 
	Vrhreshold 
	0.6 
	V 
	-0.6 
	V 

	Body Effect (y) 
	Body Effect (y) 
	0.5 
	-./fi 
	0.75 
	-./v 

	Junction Potential (2(!)F) 
	Junction Potential (2(!)F) 
	0.6 
	V 
	0.7 
	V 

	Transconductance (K') 
	Transconductance (K') 
	100 
	pJI y:i 
	40 
	JUI. y.2 

	w Minimum -L 
	w Minimum -L 
	2 -1 







