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1. (7%) Find the Laurent series representation of a function

5z + j2
22+ jz

f(z) =

with center at z = j in the domain 1< |z —j| < 2, j = v/—1.

3.1/z
/ze 3dz,
01+Z

where C' denotes a counterclockwise simple closed contour |z| = 3.

2. (8%) Evaluate the following integral:

3. (15%) Compute the Fourier transform F'(w / f(t)e™**d¢ of a signum function f (t) defined as

-1, t<0
fit)=40, t=0
' 1, >0

Each calculation step is required for obtaining the credit.

4.20%) TEGHALAOETFE REFHEEAFRAGEERTCRER B3t HB%E) - 64
(8 =1,7=2-
Leta; = [1 01 oz}T, ay = [l g 2 Z]T, and ag = [—2 3 v —4]T be three vectors in R*,
where @, 3, and -y are three real parameters, and denote A := [a1 ay ag} € R4*%3,

(a) (4%) If o € N, where N denotes the set of all positive integers, then find positive integers 8 and
~ such that {a;, as, as} is a linearly dependent set.

(b) (4%) If o ¢ N, find real B and <y such that {a;, a, as} isalinearly dependent set.

(¢) (6%) Nowleta =2, =—1,v7= —5, and let x be a nonzero vector in the null space N(A) of
A. Find the value of k to satisfy ||x||1 + 2[|xlec + &llx[|2 = 0.

@) (6%) Nowleta =2, 8 = —1,7=—5,and let d denote the distance between vector 1 4 O}T
and R(AT), the range space of A”. Compute the value of d.

5.25%) TawMMELFuEFA RER ﬂi@'fﬁ*]%%é@%%ﬁl’ﬂ'(%%% Bt EiBAg) 0 Hl%
@) |z]| =1, §=30°%0=m/6-

Consider the inner product space C[0, 1] with (f, g / f(z)g(z)dz and the norm || f|| := +/(f, f).
Denote S := span{1, z} as a subspace of C[0, 1].

() (3%+4%) Compute |z| and the angle 6, taken value in [0, /2], between 1 and z.

(b) (6%) Find a vector u(z) in C[0, 1], so that {1, u(z)} forms an orthonormal basis for S.

() (6%) Find the vector p(z) in S that is closest to /z on [0, 1].
(d) (6%) Let q(x) be the vector in S that is closest to /z. Compute lla(z)||2.
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6. (20%) Consider the following system of differential equations:

£1(t) = a1121(¢) + a12z2(t)
.Tg(t) = Q9171 (t) + a22$2(t) + ’Lé(f})

where a11, G192, @21, G29 are constant coefficients.

(@) (5%) Suppose u = 0 and the equations are driven by non-zero initial conditions. Determine the
conditions on the coefficients a11, a1z, Ga1, G such that lim z;(¢) = 0 and lim z5(¢) = 0.
t—r00 1—+00

(b) (10%) Let the initial conditions be equal to zero. For the values ay; = —1, a5 = 1, ag; = 0,
A9y — ——1, and
1 ¢t>20
u(t) = B
0 t<0
calculate the response y(t) = 2z1(t) — z5(t). Determine at what time the peak value of ¥ occurs.
(¢) (5%) Forthe values a1 = 0, a12 = 1, ap; = —1, agy = —2, and u(¢) = sin(¢), calculate the

steady-state response of y(t) = z1(t) — z5(¢).

7. (5%) Prove the following statements

(@ (3%) The Laplace transform is a linear operation.
(b) (2%) Suppose the Laplace transform of a function y(t) is equal to Y (s). Then the Laplace
transform of y(¢ — a) is equal to e™%%Y (s).
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1. (7%) Find the Laurent series representation of a function

5z + j2
22+ jz

f(2) =

with center at z = 7 inthe domain 1 < |z —j| <2, j =+v—1.

2. (8%) Evaluate the following integral:

3.1/z
/ze 3dz,
cl+z

where C denotes a counterclockwise simple closed contour |z| = 3.

3. (15%) Compute the Fourier transform F'(w / f(t)e™*dt of a signum function f(t) defined as

-1, t<0
f&)y=<0, t=0
1, t>0

Each calculation step is required for obtaining the credit.

4.(15%) TEHMMAEF ZETA  REEHEAFRALRFTCRER tist @) #ld

(@ f=1,7v=2- :

Leta; = [1 01 a] T, ap = [l g 2 Z]T, and az = [—2 3 v —4} T pe three vectors in R4,

where o, B, and v are three real parameters, and denote A := [al as 83:| € R4%3, ’

(a) (4%) Suppose « is not a positive integer. Find real # and -y such that {a;, as, as}isalinearly
dependent set. ‘

(b) (5%) Nowleta =2, = —1,7 = —5, and let x be a nonzero vector in the null space N (A) of
A. Find the value of & to satisfy [|x[|1 + 2||x]|eo + £||x]lz = 0. .

(¢) (6%) Nowleta =2, =—1,7= —5, and let d denote the distance between vector [1 4 O}T
and R(AT), the range space of A”. Compute the value of d.

5.(10%) FaeMats —ETFE REEHSETFTANEERTCRER Hst @) i
(a) 0 =30°%0 =7/6

~ Denote S := span{1, z} as a subspace of C|0, l].
(a) (4%) Compute the angle 6, taken value in [0, /2], between 1 and z.
(b) (6%) Find a vector u(z) in C[0, 1, so that {1, u(x)} forms an orthonormal basis for 5.

Consider the inner product space C[0, 1] with (f, g / f(z)g(z)dz and the norm || f|| := /{f, f)-
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()

(b)

(©)

(a)

(b)

(2)

(b)

6. (20%) Consider the following system of differential equations:

i?l(t) = Q1171 (t) -+ algxz(t)
be (t) = agllﬁl(t) + Q2929 (I'Z) + ’b.‘,(t)

where a11, 12, ag1, a9y are constant coefficients.

(5%) Suppose u = 0 and the equations are driven by non-zero initial conditions. Determine the
conditions on the coefficients aiy, 19, o1, ase such that lim z1(t) = 0 and lim z,(t) = 0.
t—0c0 t—00

(10%) Let the initial conditions be equal to zero. For the values a1 = —1, a9 = 1, ag; = 0,
a9 = —1, and
1 t>0
u(t) = P
0 t<0
calculate the response y(t) = 2z, (t) — z5(¢t). Determine at what time the peak value of y occurs.
(5%) For the values ay; = 0, a1 = 1, ag1 = —1, age = —2, and u(t) = sin(t), calculate the

steady-state response of y(t) = z1(t) — z5(¢).

7. (15%) Consider the region R enclosed by the z-axis, z = 1 and y = 23, as illustrated below

Y A r=1
03 R 02
» T
¢
Fig. 1

(3% +2%) Find the flux of F= (1 4 y?)j out of R through the two sides C; (the horizontal
segment) and C,, (the vertical segment).

(10%) Find the flux of F= (1 + y?)j out of the third side Cs.

8. (10%) Consider the following Lyapunov equation

XA+ATX +Q=0

where A is a (n-dimensional) real square matrix, and X, @ are real symmetric matrices.

(5%) Suppose all eigenvalues of A have negative real parts. Show that X = / eATTQeATdT is
0

a solution to the Lyapunov equation.

(5%) Suppose @ is positive definite and the Lyapunov equation has a positive definite solution
X. Show that all eigenvalues of A have negative real parts.
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1. Explain the following terms : [20%, &/N& 5 53]
(a) Fundamental Theorem of Arithmetic
(b) Homeomorphic graph
(c) Equivalence relation
(d) Four-color Theorem

2. Given a number x = 329313600, please answer the following questions.
(a) How many positive divisors does x have? [5%] '
(b) How many positive divisors of x that are divisible by 2527 [5%]
(c) Determine how many positive divisors of x are perfect squares? [5%]

3. (a) If an equivalence relation R on set A= {1,2,3,4,5} induces the partition
A={1,3}U{2,4} U{5}, whatis R? [5%] o
(b) Let R={(1,1),(1,2),(2,2),(2,4), (3,3) ,(3,4),(4,5),(5,5)}be a relation on A. What is the relation R* ?
[5%]

4. What is the Ferrers graph? Use it to explain the statement “The number of partitions of an integer »
into m summands is equal to the number of partitions of 7 into summands where m is the largest

summand”. [10%]

5. Use the generating function to find the number of integer solutions of the equation
X, +%, + x5 +x, =20, where ~3<x,-3<x,,-5<x, <5 and 0<x,. [15%]

6. Find the number of colors needed to color the following map so that no two adjacent regions have the
same color. [15%)]

7. - Find the number of permutation of the letters x, x, 3, 3, 2, z 80 that no x appears in the first and second
positions, no y appears in the third position and no z appears in the fifth and sixth positions. [15%]




Bif LUAZ102 25 EALEETEHRRAFEREA

FBEHE BEHEE [ERh2EALEREES] 9% - 431003
KAMBREERLE "TR, ERANES (BSE - HEERH) £28%28
Appendix:
L@+ =)+ (O + (a? + o+ (M
2. (1Ha)r=(0)+ (Dax + (a?x?+ -+ (Narxn
3 (1 -I—:}:m)n — (?g) + (;l)xm 4 (g)XZm et (:)xnm.
4, a(l—x""V/(1-x)=a+ax+ax?+ -+ ax"
50 /(A —-x)=14+x+x%+- =32,
6. 1/(A—-ax)=14ax+a?x?+- =X7, a'x
7. /A 40" =1+ D)0+ COA I 4+ = R (1M
8 1/(1 . X}n =1+ (—1) (n+;l—1) ("X) + (___1)2 (Tl-?-;l"l) (_x)2 + o= E?io.('n-i-;—l)xi
9. e¥=l+x+i 4L p=3p T
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= ~ When you are asked to derive the running time of a program (or an algorithm) in the form of
O(f(n)), the function f(n) should be expressed in the simplest and tightest form. For example, if
running time 7T'(n) = 5n* +4n, you should write T'(n) = O(n*). In other words, you will get 0

points if you write T'(n) = O(#n’) or T(n) = O(5n* +4n).

1. (a) [5 points] Given the size n of the input data, where » is a positive integer, we assume that the

running time of a program is O( f(n)). State the formal definition of O(f(n)).
(b) [5 points] Let 7;(n) = % + % + % Foet 1 = Z" ll. Tell us the value of lim 7] (7). Note that you
n = x ‘ n—e

will get 0 points if you just provide the answer. In other words, you must show your reasons.

(c) [5 points] Given the size » of the input data, where 7 is a positive integer, we assume that a
program requires the running time 7;(n) = O( f(n)). Derive the function f(n).

(d) [5 points] Let n be the radius of a circle C and A(n) be the area of C. Let
T,(n) =|sin 6| xlog A(n) = O(f (n)) . Derive the function f(n).

of n positive integers and an initially-empty stack S as input parameters:

int F(A: array, S: stack) {

for (i=0; n-1; i++) {
if (A[i1%2==0)
push (S, A[il]):
else
while (S is not empty)
t =t + pop(8):
} // end of for-loop
while (S is not empty)
t = t + pop(8);
return t;

}

What is the output (returned value) of the function F for the array A = {2, 14, 4, 7, 11,
18, 10, 15, 6, 23, 12, 8}?

2. [5 points] Consider the following function F written in a C-like pseudo-code, which takes an array A
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3. Consider the following weighted graph G(V,E) presented by the adjacency matrix.

4 B C D E F

A0 40 o o 7 21]
Bl40 0 5 12 o 11
_Cf ©w 5 0 10 o o
G"D w 12 10 0 18 14
E|7 o o 18 0 33
Fl21 11 « 14 33 0|

(1) [10 points] Please find the vertex sequence derived by DFS and BFS respectively. Note that we
assume that node 4 is the root.

(2) [10 points] Please apply Kruskal’s algorithm to drive the minimum cost spanning tree. Note that
you must show your actions step by step.

4. The array A shown below is used to represent the complete binary tree.

i 1 2 3 4 5 6
Alil] 23 15 9 6 11 2

Please answer the following three questions:

(1) [5 points] Draw the corresponding binary tree 7.

(2) [5 points] Is T'a max heap? Is T a min heap? Explain your reasons.

(3) [15 points] Perform the following three heap operations sequentially: INSERT (18),
INSERT (27), DELETE on 7. Draw the resultant tree after each operation.

5. (a) [5 points] Given an unsorted integer array of size », does the binary search algorithm outperform
the sequential search algorithm? Use the big-O notation to justify your answer.

(b) [S points] Given an integer array A of size », the following pseudo-code shows the quick-sort
algorithm. Note that we assume that all array elements in A are distinct and the function medium(a)
will return the value x in A such that the number of integers that are larger than x is equal to the
number of integers that are smaller than x. Besides, we assume that the running time of the function
medium(a) is O(n). Derive the worst case running time of quicksort (A) in terms of big-O
notation. (Note that you will get 0 points if you just give the answer directly.)

void quicksort(A: array) {
if (length(a)==0)
return;

x = medium(A);
S={y | yeA and y < x };
L=1{2z | zeA and z > x };

quicksort(S);
print x;
quicksort (L) ;
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(¢) [5 points] The following enhanced_quicksort algorithm written in a C-like pseudo-code
tries to first split the array A into three partitions and then recursively sorts the arrays S, M, and L.
Note that we carefully design two selection functions, first selection function(a)and
second selection function (A), to guarantee that min (A) <x <y <max (a), where
min (A) and max (&) denote the minimum element and the maximum element in array A,
respectively. Moreover, we assume that the running time of each selection functions is O(»). Please
tell us whether the enhanced quicksort algorithm is more efficient than the quicksort
algorithm? Use the big-O notation to justify your answer.

void enhanced quicksort (A: array) {
if (length(A)==0) '
return;
= first selection function(a);
= second selection function(a);
The above two selection functions together guarantee that
min(ad) < x < y < max(a). */

x
Y
/*

S ={a| acA and a < x };
M={Db | becAa and x < b <y };
L={c | ceAaand c >y };
enhanced qguicksort (8);

print x;

enhanced quicksort (M) ;

print y;

enhanced quicksort(L);

}

6. (1) [5 points] Please convert the infix expression shown below into postfix form.
Ax(BIC-D)+E)xxF -G

(2) [10 points] Tell us the results of preorder and postorder traversals for the following binary tree.

(B)
(H) &)

© @ 2
& ©
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1. (20%) (a) What is the amplifier configuration in Figure 1. (b) Explain why the Rs can improve the
thermal stability of the amplifier. (c) Please derive R; Ry, Avo, Ay Gvo, Gy, R, and R,y of the
amplifier in Figure 1. (2%, 2%, 2%%*8) .

Vpp (OV)

Uy

Rsig R 1

vsig

_I,SS

Figure 1

2. (20%) Figure 2 shows an op amp connected in the inverting configuration. The op amp has an open-
loop gain = 10*, a differential input resistance R;;= 100kQ, and an output resistance 7,= 1kQ. Use
the feedback method to find (a) the voltage gain V,/V;, (b) the input resistance R;,, and (c) the output
resistance Rour. (7%, 7%, 6%)

OV

2

Ry = 2 k&

N )
R in R out

Figure 2.
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3. (20%) (a) Draw an ENH mode NMOS (enhancement nMOSFET) and a DEP mode NMOS
(depletion nMOSFET) respectively. Please explain what are the differences of (b) their fabrication
processes and the differences between (c) their input characteristics Ips-Vgs and (d) their output
characteristics Ips-Vps, respectively. (5%, 5%, 5%, 5%)

4. (20%) (a) Using a simple (7, and g,,) model for each of the two transistors Q;s and Qo in Figure 4.a,
find the small-signal resistance between 4 and 4°. Where Ic;s = 165 pd and I = 16 pA.  (b)
Figure 4.b shows the circuit for determine the 741 op-amp output resistance when vy is positive and
Q14 1s conducting most of the current. Using the resistance of the Q;5 and Q;9 network calculated in
4.(a) and neglecting the large output resistance of Q;s4, find R, when Qy, is sourcing an output
current of SmA.  (10%, 10%)

.
BN

=

Q14

£ =

QOis

‘P
RlO = 40 k) 1:

l O 'AQ23
| gk,,z = 81 kO
. A ! =

Figure 4.a Figure 4.b

5.(20%) (a) Plot a Bridge full-wave rectifier and (b) explain the operation principle of it. Also, (c) please
describe how to drive the PIV (peak inverse voltage) of the diodes used. (7%, 7%, 6%)
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1. (10pt) A rechargeable battery is capable of delivering 100mA for 10 hours. How much charge can it
release at that rate? If the terminal voltage is assumed as 3V, how much energy can the battery -
deliver? ,
2. (10pt) Find v, of the following circuit. Assume ideal OP amplifier.
Vi3 . V2 A%1
R¢
2R 2R 2R
—W——MWA— W\ -
= 2R R R Vo
+
3. (10pt) A balanced Y-connected load is connected to the génerator by a balanced transmission line
with impedance of 0.1+j0.2Q per phase. The load is rated at S00kW, 0.866 power factor lagging,
254V s phase voltage. Find line current and line voltage of the generator, respectively?
4. (10pt) Phase voltage and phase current of a load are given as v(t)=141coswtV, i(t)=14sin(wt+30°) A.
Find average power and reactive power of the load.
5. (10pt) If i(f) = 1 + Scos(t+10°) + 3cos(3#+35°) A flows into a resistor 102, find

6

7

(a) RMS current. (5pt)
(b) Average power consumed by the resistor. (5pt)

. (20pt) Assume the PV is a current source inverter to deliver 1kW average power to the system.
(A)Calculate 1. (5pt) ‘
(B)Calculate I.. (Spt)

(C)Calculate power factor. (Spt)
(D)How to improve the power factor to 0.95. (5pt) -
I

—
- Ly 4
rms Ci 0.707pf lagging PV source

. (30pt) A buck converter is given with the following parameters: Vg=20V, Vo=12V, the switching

frequency of S is 10kHz, output power is 100W.
1.Find minimum inductance L to keep the converter operated in continuous conduction mode.(10pt)

2.Ripple current on the inductor. (10pt)
3.Draw waveforms of both diode voltage and inductor current. (10pt)
ip S otV
— rWY\L X

Ve VD xD iC,l,::'.C 2RV,
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[Problem 1]  (20%) Short answer questions:

(a) Give one example to show that “the simplest expression of a Boolean function may not be unique”.
(4%)

(b) Give a general structure of a sequential circuit and use this structure to explain the differences of a
sequential circuit from a combinational circuit (4%)

(¢) What is a Mealy finite state machine? (2%) Give one design example of a Mealy finite state
machine. Note that you need to give the function of this design and its state diagram. (5%)

(d) Give some waveforms to explain the meaning of the setup time and the hold time of a D flip-flop.
(5%)

[Problem 2] (18%) Design a synchronously resettable positive edge-triggered finite state machine that
has a one-bit input d and two outputs x and y. x should be 1 if 4 has been 0 for at least two cycles (not
necessarily consecutively). y should be 1 if d has been 0 for at least three consecutive cycles. For
example, the input sequence d=0101100011010 results in the output x=0011111111111 and the output
»=0000000100000. ' '

(a) Give Verilog/VHDL codes of a synchronously resettable positive edge-triggered flip-flop. (3%)

(b) Draw the state transition diagram and define each state clearly. (5%)

(c) Write RTL Verilog/VHDL codes to implement the finite state machine you designed in (b). (10%)

[Problem 3] (15%) 2-4-2-1 is a useful 4-bit binary code to represent decimal digits, as listed in Table 1.
Design a combinational circuit F that can check if the decimal input encoded by 2-4-2-1 is a prime
number, i.e., a positive integer that is greater than 1 and can be exactly divided by only 1 and itself. That
is, the output F of the circuit equals 1 if and only if the decimal input is a prime number. You need to
show the truth table of this circuit and design the two-level NAND-NAND network using the minimum
number of logic gates and literals. Please note that the input code words (w, x, y, z) and their
complements can be used directly as fan-in in the final logic diagram, and the unused input code words
can be used as don’t care conditions for logic simplification.

Table 1
Decimal digit | 2-4-2-1 code
0 0000
1 0001
2 0010
3 0011
4 0100
5 1011
6 1100
7 1101
8 1110
9 1111
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[Problem 4]  (15%) Design an asynchronously resettable positive edge-triggered counter with the
following repeated binary sequence: 0, 3, 1, 4, 7, 5, 2, 6. Note that the counter must have the parallel-
load capability, i.e., the content of the counter can be arbitrarily specified via the circuit inputs.

(a) Draw the state transition diagram and define each state clearly. (5%)

(b) Write RTL Verilog/VHDL codes to implement the counter. (10%)

[Problem 5]  (20%) Implement the following Boolean function
Fw, x, y, z) =xy+wxy'+w'x 'z +wx'y'z +wx'yz.
(a) by using only NOR and inverter gates. (5%)
(b) by using only AND and inverter gates. (5%)
(¢) by using the simplest sum-of-products form (5%)
(d) by drawing the logic diagram using a multiplexer (5%)
Please note that for (a), (b) and (c) you only need to show the final Boolean function and how you derive
the function.

[Problem 6]  (12%) Memory related questions.

(a) Whatis RAM? 2%)

(b) What is ROM? (2%)

(¢) Explain in detail how to write and read a memory, respectively. (3%)

(d) Give some waveforms to explain the meaning of the access time and the cycle time of a memory.
(5%)
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Property Si GaAs
Dielectric constant 11.9 13
Energy gap, Eq (eV) 1.12 1.43

1. A silicon sample is doped with 10" donor atoms/cm® at room temperature (300K.).

The intrinsic carrier density in Siis 9.65x10°cm™.

(a) Find the carrier concentrations. (10%)

(b) Find the Fermi level. (10%)
(Note: Sketch the band diagram and mark Ec, Ev, Er and E;; indicate clearly the location of the

Fermi level with respect to intrinsic level.)

2. Consider a GaAs PIN diode )
(a) Calculate the value of Np with an intrinsic region thickness of 20 um, and a permitted AE of 10°

V/m. AE is the change in electric field across the depletion region. (10%)
(b) An electric field of 3.5x10° V/m is needed to reach the saturation region.
Find the bias voltage. (10%)

3. Calculate the maximum width of surface depletion region for a metal-SiO,-Si capacitor having
N = 3x10"cm™. (20%)

4. A solar cell under an illumination of 80 W/m? has a short circuit current I, of 40 mA and an open
circuit output voltage Vo, of 0.55V. What are the short circuit current and open circuit voltages when

the light intensity is halved? (20%)

5. Consider the p'n junction of a uniformly doped silicon n-channel JFET has doping concentrations of
Na= 10" ¢cm? and Np = 7x10" cm” at T = 300K. The metallurgical channel thickness is 0.8 um.
Determine the built-in potential barrier and the pinchoff voltage of the JFET. (20%)
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| [Problem 1] Terminology Explanation (20%)
(2) Superscalar Processor (b) Pipeline Processing (c) Real Time Processing
(d) Delayed branch  (e) Multi-core Processor

" [[Problem 2] (a) Describe the floating-point addition algorithm and hardware for IEEE 754 standard.(10%) (b)Design the
adder architecture for adding two IEEE 754 floating-point numbers with the normalization form result. (10%)

[Problem 3] A set associative cache has a block size of four 32-bit words and a set size of 4. The cache can
accommodate a total of 64K words. The main memory size that is cacheable is 256M * 32 bits. Design the cache
structure and show how the processor’ s addresses are interpreted. (20%)

" |[Problem 4] Briefly describe what three techniques are possible for I/O operations. (10%)

[Problem 5] (a)Given the instruction architecture as follows. (20%)

add R 0 18 19 17 0 32 | add $sl, $s2, $s3

sub R 18 19 17 0 32 sub $si, $s2, $s3

lw I 35 18 17 100 Iw  $sl1; 100($s2)

sW I 43 18 17 100 sw  $sl, 100($s2)

beq I 4 17 18 25 beq $sl, $s2, 100

bne I 5 17 18 25 bne $sl1, $s2, 100

slt R 0o | 18 | 19 | 17 ] o | 4 [sit $s1,$s2 93

j J 2 2500 j 1000(see section 3.8)

i R 0o | 3t ] o[ o[ o 8 [ir $a

jal J 3 2500 jal  1000(see section 3.8)

Field size 6 bits | 5bits | 5 bits | 5bits | 5bits | 6 bits | All MIPS instructions 32 bits

R-format R op TS It rd | shamt | funct | Arithmetic instructions format

I-format I op 1S rt address Transfer, branch format

Addi | | rs | rt | addi $s1, $s2, imm16
Transfer the C program block as follows to the machine code'as you can.

for(i=0; i<10; i++)
Ali]= A[i]+k;

(Assume: Start address of 32-bit integer array A--> 0x1000,
Start address of 32-bit integer variable £--> 0x1100 and
Start address of 32-bit integer variable 7 --> 0x1104)

(b) Suppose we have made the following measurements of average CPI for instructions:

Arithmetic - - 1.0 clock cycles
Data transfer 1.4 clock cycles
Conditional branch 1.7 clock cycles
Jump 1.2 clock cycles

Compute the effective CPI for the machine code at(a) . (10%)
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PROBLEM 1 (40%)
Given a system described by the following differential equation

d%y . dy dy(0)
2 5 CANCA |
dr? dt dt

where u is the control input and y is the output.

(a) (10%) Find the transfer function of the system.

(b) (10%) Find the zero-input response y(7).

(¢) (10%) Choose, among the following types of control, ones that are likely to stabilize the system
(One or more answers may be correct. Answers without supporting explanation are not
acceptable) : (i) P control (ii) I control (iii) D control (iv) PID control (v) PD control (vi) PI
control

(d) (10%) Choose, among the following types of control, ones that are likely to regulate the system
output to a constant level 0.5 with zero steady state error (One or more answers may be
correct. Answers without supporting explanation are not acceptable): (i) P control (i1) I
control (iii) D control (iv) PID control (v) PD control (vi) PI control

du
+6y="—; y(0)=1,
y== ¥(0)

PROBLEM 2 (30%)

An LCR circuit is shown in Fig. 1, with its control input to be u, and output y = x3 .

(a) (10%) Derive a state-space representation of this LCR circuit.

(b) (10%) Suppose L=C=R=1 and x1(0)=x2(0)=1. What is the output y in steady state if
u =sin()? ' '

(c) (10%) Following 2(b), let the control be u(r)=—kix1(f)—k2x2(¢) . Choose the gains k; and &
such that the closed loop poles are —2 and —3. ‘

AN r(®) + e(®); 10 /574 || YD
v ®  RECTx i
- cooling system
Fig. 1 : Fig. 2

PROBLEM 3 (20%)
Figure 2 shows a simple temperature control of a machine tool cooling system, where 7 is the setting

‘temperature and y is the coolant temperature. There is a delay of D seconds present in the cooling
system.

(a) (10%) Use Laplace transform to derive the transfer function from e(Z) to e(=D).
(b) (10%) Estimate the maximum allowable delay for the system to maintain at least 20 dB of gain

margin, by using the approximation tan~! @ ~ @, when | w |<<1.

PROBLEM 4 (10%)
After dozing off in the Monday morning class, your classmate asked you: “Integral control adds
negative phase, thus decreasing the phase margin. Why would we ever want to use integral

control?” Explain how you would answer him.
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1. A 230/115-V, 1-kVA transformer has been tested to determine its equivalent circuit. The results of]

the tests are shown below.

Short-circuit test Open-circuit test
Vsc =21V Voc =230V
Isc=9.574 Toc=0.454
Psc=51.2W Poc =30

(a)Calculate the parameters and draw the equivalent circuit of this transformer referred to the low-

voltage side of the transformer. (15%)
(b)Calculate the voltage regulation at rated conditions with Power Factor (PF) 1. 0. (5%)

A power station consists of four 100-MVA, 69-kV, 0.9-PF lagging synchronous generators operating
in parallel with identical speed droop characteristics. The governors on the generators’ prime movers
are adjusted to produce a 3-Hz drop from no load to full load. Three of these generators are each
supplying a steady 75 MW at a frequency of 60 Hz, while the fourth generator handles all
incremental load changes on system while maintaining the system’s frequency at 60 Hz.

(a)The total system loads are 260 MW at a frequency of 60 Hz. Calculate the no-load frequencies of]

each generator. (10%)
(b)Calculate the new system frequency if the system load rises to 290 MW. (10%)

The fuel cost function in $/h for four units of a plant are
Jo1= 0.006 P2 11 9.0P, +345  foo = 0.0048 P2 22 +6.0F55 +475

o3 =0.004P% +8.0P,3 +625  fpq =0.0034P2 +10.0P, +527

Assume that all four units operate economically to meet the total plant load of 700MW, find the
incremental cost of the plant and the required output of each unit (20%).

The following equations are the real power and reactive power injected into a bus:

N N
b= ZlyzanVn‘COS(gm + 5}1 - 51) > Qz' = "'Z|anVan|Sm(‘9m + 5;1 - 5;) .

Calculate the derivatives of oL oh o , oF, , %0, , %0, , %0; and 00; for Newton-Raphson
26, 20,” ov,” av,” 36," 86, v, oV, ,
Load Flow. (25%) |

A three-phase, 60-Hz, 250-MVA, 13.8-kV, generating unit has an H constant of 4.0 p.u.-s. The
mechanical power supplied by prime mover and electrical power output of the generator in p.u. are

., and p, , respectively. Initially, this unit is operating synchronously at p,, = p, =2.0 with power
angle 6 =10°.
(2) Give the per-unit swing equation for this unit. (5%)
(b) Calculate the power angle 4 cycles after a short circuit causes p, =0.(10%)
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Problem 1

a. (10%) Using the Method of Image, write down the potential distribution, ¥(x, , z), for a point
P(x, , z) in space, as shown in Figure (a), in terms of R: and R., as indicated in Figure (b). The
. dielectric constant of the space is &y.
b. (10%) Write the electric intensities (Ex|y=o, £Yly=0, and Ez|y=) for a point on the ZX-plane in terms of]
dand R, or d and r, as indicated in (b). '

P(x, », 2) Y

Grounced

plane eonductor .

F AL T R s
z

— ‘ (Im,ag:_chhargc)
{a) Physical arrangement, {b) Image charge and field lines.

Figures (a) and (b) a single charge O above a ground plane

|Problem 2

A air-filled coaxial with dimensions as shown in the following figure:

Figure (c) a coaxial transmission line with signal carrying conductor of radius @ inside the surrounding
ground of radius b.

The inductance per unit length is L' = % = gl—o + ;l—"ln—]1 (H/ m) . Here we have assumed that the current|
T 27 a _

inside the signal-carrying conductor is uniformly distributed.And, the capacitance per unit length is
C'= 3"9—2& (F/m).

(2]

a

a. (5%) For the inductance, which term drops off at high frequencies? Why?

b. (5%) The characteristic impedance is defined as Z, =, /% , find out the characteristics impedance at

high frequencies, and please indicate the unit for it.
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Problem 3

a.  (5%) The dielectric constant for Teflon is 2; it is a low one for a dielectric material. What is the
dielectric constant for air?

b.  (5%) What is the dielectric constant for a metal, for example, Copper?

(5%) Explain the difference between a dielectric and a conductor.

d.  (5%) The relative permeability for Steel is 100, and is frequency dependent. What is the relative
permeability for Copper?

e

Problem 4

(10%) Refer to the following figure and prove the law of Cosines, C = /4 + B2 — 2. 4B cosc .

/ VAL
NG

Figure (d) Illustrating example for Problem 4

Problem 5

(15%) A parallel polarized plane wave is obliquely incident from free-space onto a magnetic material

with permittivity ey and permeability uou,. Find the reflection coefficient, transmission coefficient, and
Brewster angle.

Problem 6

(15%) A 50 Q transmission line is matched to a 10V AC source and feeds a load Z; = 100 Q. If the line is

2.3 ) long and has an attenuation constant o = 0.5 dB / . Find the powers that are delivered by the
source, lost in the line, and delivered to the load.

Problem 7

(10%) For a rectangular waveguide that supports TEjp mode, explain why a narrow slot can be cut along

the centerline of the broad wall of the rectangular waveguide without perturbing the propagation of the
TE]() mode.
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