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‘[Describe S* as the span of a set of orthonormal vectors in R*®. (7%)
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Problem 1 (20%)

0?%u
Let u be ion to the heat tion: — = ——
e a solution to the heat equation 5% = 5t

with boundary conditions: (0, z) = f(z), 0 <z < 1, and Z—u(t 0) = gz (t,1)=0, 0< ¢t < oo,

1
(2) (10%) Define the thermal energy 7 (t) = / u(t, z)dz. Show that under the above assumptions, 7 (¢)
0

: 1
is constant in time; i.e., 7 (t) = 7(0) = / f(z)dz, for all ¢ > 0.
0

() (10%) Let f(z) = cos(rz). Find the solution .

Problem 2 (25%)

Let F = (y2 + azz + y2)i + (2% + bzy + z2)j + (22 + cyz + zy)k.

(2). (10%) Find the values of the constants a, b, c for which F is conservative.

(b). (15%) For the values found in (a), find a surface S with the following property: the path integral
/ F - dr is equal to 0 for any two points P, @ (connected by any curve C') on the surface S.
P

Problem 3 (13%)
TEYFBELF Q) ZETFHE; BRTFEFREE RGBS EFT(CREEREE T4 6%

%)
Let ¢ #0 and 4eR"™, and let A(4) denote the set of all eigenvalues of 4.

(@) Suppose I+aA is nonsingular, thus, for any nonzero scalar o, Q, = (/- a'lA)(I +ad)lis a
well-defined R™ matrix. Then we know from knowledge of eigensystem of a square matrix that,
corresponding to any A € A(4), thereis a u e A(Q2,). What is the mathematical relation between A and
n? (%) | T

(b) 'If Q,, that is (I - 4)(I+4)™, is an orthogonal matrix, then what mathematical relation between 4

and A" can be derived? (5%)
(c) If Q, is an idempotent matrix, then what are all possible values of det 47 (5%)

Problem 4 (12%)
AFFEEA @) (b)ﬁﬂlﬁ%ﬁé &ﬁ%%ﬁﬂ,\%ﬁﬂ&Fiﬁﬁ#?FT(?ﬁzﬁﬁtH* EFBek

%) .
(a) Write out the set

S:={ P=[‘3‘ ’ﬂeRM [ Byl eN(L =2 -1]) but [a B ¥ 2(R([L 0 —1]T))‘L},where N() and

R(+) indicate the null space and the range of a matrix, respectively. (5%)
(b) Consider the inner product space ¥ = (RM, (o,-}) , where (4,B) =1r(4"B) for 4 and B in R*?,
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Problem 5 (15%)

Let C be acircle |z|=2 described in the counterclockwise direction.
(2)(5%) Compute the following integral

kz
(I)C e—dz, n is a positive integer
Tz
(b)(10%) Suppose the answer you obtained in Part (a) is jnz . Use Part (a) to evaluate

er e sin (2k sin(n0)) do .

0

Problem 6 (15%)

Define the Fourier transform of a signal f(¢) as F(jw)= I N f(He™™dt, and its inverse Fourier
., Lo o o e : . . :
transform is f(¢) = E—I F(jw)e™ dw. It is alrecady known that the Fourier transform of signal

T Y-

x(i)=sin{ar)/ (7t) is

_ I, |wl<a
X(jw)=
0, |wl>a
and .9‘{!_/‘([)} =7 ;d—- F(jw). Compute the Fourier transform of the signal
)
() :t(sm(t)snz](t / 2))'
Tl
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Dielectric constant: Si=11.9; Si0,=3.9

1. An unknown semiconductor has bandgap of 1.36 eV. It is doped with3x10” cm™ donors. The
effective density of states in the conduction band and the valance band are the same. The Fermi level
is 0.2 eV below the bottom of the conduction band. Assume that 30% of total electrons are still in the
donor states. Find the intrinsic carrier density in the material at 7= 300 K. ' (20%)

2. The electron concentration in a semiconductor material is given by
: x R
n =5x1016(2—zj em® for 0<x<L

The length of the material L is 100 um. The electron mobility is 1500 cm?/V-s at 300 K. An electric
field is applied such that the total electron current density is a constant over the given range of x and
is J, = -95 A/om’. Determine the required electric field versus distance function. (20%)

The intercept of the 1/C 2 versus Vg curve is —0.735 V. The cross-sectional area is 4 = 2x107° cm?.
Calculate the doping concentrations.

30
o i
o 25r
- I
X 20l
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- i
0
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(20%)

Ve (V)

4. Consider an n-channel Si MOSFET with Ny = 3.5x 10" cm™ at 7= 300 K. The oxide is SiO, with a
. thickness of 300 A. The threshold voltage is found to be V7= 0.7 V when an applied source-to-body
voltage Vsp =2.5 V. What is the threshold voltage at Vsg=5V ? (20%)

5. A silicon p-n-p transistor has following impurity concentrations.

emitter base collector
N or Np (em™) 3x10" 2x10" 2x10'
The base width is 1.5 um and the device cross-sectional area is 0.3 mm? When the device is
operated in the active mode, the emitter-base junction is forward biased to 0.7 V and the base-
collector junction is reverse biased to 6 V. Calculate the neutral base width. (20%)

3. The measured junction capacitance of a p*-# junction biased at ¥z =2 V is 0.15 pF under 7'= 300 K'
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Problem 1 (25%)
Consider the differential equation: £(t) = az(z) + u(t), with initial condition z(0) = zq.

t .
(a) (10%) Show that the solution of the equation is z(t) = e*zg + / e=Ny(r)dr, t > 0.
0

(b) (10%) Suppose a < 0. Show that for any bounded v and any initial condition zg, the corresponding

solution z is bounded.
(c) (5%) Suppose a > 0 and u(t) = sin(¢). Find the initial condition z such that the corresponding

solution z is bounded. In this case, what is £?.

Problem 2 (20%)
ARG E RENEAER LR NEESFQ~-ONETFE SEFETREZEHRMYHEE

BT (REBHLEREFRNHE) -

® (5%) Consider the set § :={ AeR**| A= 4" and (4)=k}.

() What are all possible values of & so that S is a subspace of V :={ AeR™*| 4= 4" }? 2%)

(b) Consider the inner product space (S,{s,*)) with {(4,B) :=#r(4"B) for 4 and B in S. Find an
orthogonal basis for S'. (3%)

® (15%) Let ¢ #0 and AeR™, and let A(4) denote the set of all eigenvalues of 4.
(c) Whatis the condition on A(A) so that [+ aA is nonsingular? (2%)
(d) Suppose I+aA is nonsingular, thus, for any nonzero scalar &, Q, = ([—a A)(I+ad)" is a

well-defined R™ matrix. Then we know from knowledge of eigensystem of a square matrix that,
corresponding to any A € A(4), thereis a u € A(Q2,). What is the mathematical relation between A and

u#? (3%)
(e) If Q,, thatis (/- A)(I+A4)™, is an orthogonal matrix, then what mathematical relation between 4

and A" can be derived? (5%)
(f) If Q, is an idempotent matrix, then what are all possible values of det 4? (5%)

Problem 3 (25%) .
AMEBEE QD)W BT BT () FREEey discuss 24 HEFEALREEERMAHEEY

T(RARHERF RIS -
(a) Describe the set of all R*® vectors [ B y] that satisfy the two conditions
[@ B y[eN(l =2 -1]) and [e B y]Tss'(R([l 0 -17 ))l, where N(+) and R(s) indicate the null

space and the range of a matrix, respectively. (5%)
(b) Now denote the set

S = {P=[(g '5 ]ERZXZ [ By e N[l =2 ~1)) but [ B 7]T55(R([1 0 —I]T))L} in terms of solution
of (a). Write out the set S and discuss if the closure property of vector addition holds for set S, i.e. |
whether the implication “B, P, S = B +P, €S” holds forany £, and B,. (1+5%)

(c) Consider the inner product space ¥ = (Rm, (-,-)) , where (4,B) = tr(A"B) for A and B in R*?.
Describe S* as the span of a set of orthonormal vectors in R*?. (7%)

(d) Now let T = Span (1) 8], [:_?1 (IJ, [8 (1) be a subspace of V' and let P be any vector of S'. What

is the distance of P to T'? (7%)
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Problem 4 (15%)

Let C be acircle |z]=2 described in the counterclockwise direction.
(2)(5%) Compute the following integral
k2"

e . e
(JS( dz, nisapositive integer

(b)(10%) Suppose the answer you obtained in Part (a) is jnz . Use Part (a) to evaluate

.[2” "9 sin (2k sin(n0)) do .

0

Problem 5 (15%)

Define the Fourier transform of a signal f(¢) as F(jw) = Jm f()e ™ dr, and its inverse Fourier

transformis f(1) = —21— " F(jo)e’ do. 1t is already known that the Fourier transform of signal
Tc -0

x(t) =sin(at)/ (7t) is
I, |wl<a

X(jo) ={

0, |wl>a
. .d oL \ . . . .
and ‘?{t/ (t)} =7 o IF(jw) . Compute the Fourier transform of the signal
1

sin(f)sin(r / 2))
——

x(1) =t£ -
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1. (15%) Figure 1 shows the inverting configuration voltage amplifier with R = 1 kQ. (a) Please find the
close loop gain of Vo/V1 if the operational amplifier (op amp) is ideal. (b) Please find the close loop gain
of Vo/Vy if the open loop gain of op amp is 10 V/V. (¢) If the op amp is a low-pass STC with

A(f) = %ﬁf— , please find the high frequency close loop gain of Vo/Viat f=1 GHz. (5%, 5%, 5%)
+ = -
1000 ‘

2. (25%) Consider the voltage amplifier of Figure 2 with a BIT device having 3 =100 when it is biased in
the active region, the AC signal voltage Vg, signal resistance Rgs = 10kQ2 and coupling capacitors Cc;
and Cc, which can block DC component and pass AC component. The voltage supplies Vec = 10V and
the thermal voltage Vt = 25mV. The constant voltage drop 0.7V approximation can be used for the turn-
on of a p-n junction, and the constant voltage drop Vg ~ 0.2V approximation can be used when the BJT
is biased in the saturation region. In addition, other resistances are also included, such like R; = 2MQ, R,
= 2MQ, Rg = 5kQ, R¢ = 5kQ, Ry, = 5kQ. Please come out following parameters: (a) transconductance
gm, (b) input resistance Ry, (c) overall AC voltage gain V/Vgg. (d) Please describe the advantages of the
existing of emitter resistance Rg compared with no Rg. (5%, 5%, 5%, 10%)

3. (30%) Figure 3 is the two-stage CMOS op amp configuration. All NMOSFETSs have the same W/L =
10pm/0.5pm, Vip = 0.5V, paCox = 200 pA/V2. All PMOSFETS have the same W/L = 40um/0.5um, Vi, =
0.5V, ppCox = 50 pA/V 2 V4l (for all devices) = 10V, Vpp = Vgs =3V, Izgr = 100pA. Neglect the effect
of V4 on bias current. Please find (a) the transconductance g, and r, of Qa, (b) the voltage gain of the
first stage A; and the second stage Az, (c) the input common-mode range, and (d) the output voltage

range. (10%, 10%, 5%, 5%)

4. (30%) Figure 4 shows a CC-CE amplifier with Rgs = Ry = 5 k@, I; = I, = ImA, and identical
transistors with B = 100, fr =500 MHz, C,, = 5pF, and C¢ = 2puF. The thermal voltage Vr = 25mV. For
simplicity, neglect r, and ry effect. Please find (a) the input resistance Ry, (b) the midband gain Ay, (c)
the C, of the BJTs, and (d) 3-dB frequency of the upper end of the midband, f (using open-circuit time-
constants method). (5%, 5%, 5%, 15%) '
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Question 1. (20% ~ 5% for each sketch)

Figure 1: pole/zero plots for Question 1.

The pole/zero plots of four transfer functions G (s) to G4(s) are shown in Figure 1. Sketch the step
response of each transfer function. On your sketches, you should show important details of the responses,
such as the overshoot, undershoot, steady state, etc. if any. Missing any important detail will result in

mark deduction.

Question 2 (30%)
ip = f(v)
A
| 1 ' | I
| ] 1 ) 1
| | 1 | |
0.5----F-~krempomdoedgafaa
| t 1 ' t
1 l | 1 !
O0dofcmcbenhkocboadaafac .
1 1 t 1 1
| 1 i ' )
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1 ) [ 1 [ -
] 1 ) t ] el

0 0.1 0.2 0.3 0.4 0.5 v

Figure 2: tunnel diode circuit for Question 2.

The left-hand side of Figure 2 shows the schematic model of an electronic circuit involving a tunnel
diode. Attime t > 0, let u(t) denote the source voltage, (¢) denote the inductor current and v(t) denote
the voltage across the capacitor (and thus the tunnel diode). For the sake of argument, suppose that the
static non-linear current-voltage characteristic ip(t) = f(v(t)) of the tunnel diode is as shown on the
right in Figure 2, that the inductance L = 1 and that the capacitance C = 1. Applying Kirchoff’s voltage
and current laws yields the following differential equations:

% = u(t) — v(8); % =i(t) — f(v(®)

(a) (10%) Determine all triples (uq, vy, 34) that are consistent with an equilibrium inductor current
iy = 0.3, where u, and v, denote equilibrium values for the source voltage and the capacitor voltage.

(b) (10%) For the equilibrium (g, vy, %) = (0.5,0.5,0.4), linearize the governing equations and. derive
a transfer function model to relate the Laplace transform A, (s) of du(t) = v(t) — v, (as an output)
and the Laplace transform A, (s) of du(t) = u(t) — uq (as an input). Is the transfer function stable?

(¢) (10%) For the transfer function identified in (b), calculate the response of the transfer function when 4
6u(t) = sin(?).
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Question 3 (10%)
T G(S) )
Figure 3: a feedback system for Questions 3.
Consider a standard negative feedback system shown in Figure 3, where G(s) = —2-————— Determine

s(s+ V/3)
how many seconds loop delay 7 > 0 can be tolerated if a phase margin of more than 45° is required in
the presence of such delay. '

Question 4 (15%)

Figure 4: a feedback system for Questions 4 and 5.

. . i 1
Consider a standard negative feedback system shown in Figure 4, where the plant G(s) = 15550
5%+ 5s
K(s+10) _. .
and the compensator C(s) = 3 d Find the positive compensator parameter values K > 0, such

that the following conditions both hold: (i) the closed-loop is STABLE; and (ii) the closed-loop impulse

response has a mode that decays SLOWER thane™* .

Question 5 (25%)

Consider the feedback system shown in Figure 4 again. Suppose now the plant has the transfer function

1
G(s) = T

(a) (10%) Explain why a lag compensator (e.g., a PI controller) can NEVER stabilize G.
(b) (15%) Find a PROPER controller C' such that the following conditions both hold: (i) the closed-loop

is STABLE; and (ii) the response of the closed-loop system to any step input always has ZERO steady
state error.

End of Examination
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1. The following graph shows the circuit, called D-latch, where a small circle means “not.” Then
what are the values of x and y when a=0 and b= 1?

A)x=0,y=0; B)x=0,y=1; O)x=1,y=0; D)x=1,y=1L

2. Given an integer n > 0, the Fibonacci number F(z) is defined as follows.

1 ifn=0o0rl
F(n)= .
Fn-1)+F(n-2) ifn=>2

Whether the problem of finding a Fibonacci number F(#) is NP-complete? (A) Yes, because
there exists a recursive program whose running time (in units of instruction) is at least 1.618";
(B) No, because we can use an iterative approach to derive F(») such that the running time (in
units of instruction) is about #+1; (C) Yes, because we can use an iterative approach to derive
F(m) such that the running time (in units of instruction) is about #+1; (D) No, because there
exists a recursive program whose running time (in units of instruction) is at least 1.618".

3. The following shows a function written by C programming language. Please tell us the returned
value of £(4)?

int £(int n) {
if (n == 0)
return 1;
else:
return 3*n + £(n-1);
}
(A)35; (B)46; (C)48; (D) 31.

4.  Which two addresses should a computer have in order to access the Internet? -(A) DHCP
address and IP address; (B) MAC address and IP address; (C) IP address and TCP address; (D)

DHCP address and ARP address.

5. Assume that a multi-programming operating system uses the paging scheme to allocate
memory. Assume that the available memory is 60 M bytes and divided into 12 frames; besides,
each frame size is 5 M bytes. Now, suppose that we want to execute two programs, the first one
needs 23 M bytes and the second one needs 11 M bytes. Then how many frames are needed in
order to execute these two programs? (A) 6 frames; (B) 7 frames; (C) 8 frames; (D) 9 frames.
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6. Let’s continue to consider the above question. How much memory is wasted? In other words,

how much memory is not used by those two programs and cannot be used by other programs?
(A) 6 M bytes; (B) 1 M bytes; (C) 26 M bytes; (D) 20 M bytes.

7.  Assume that a machine cycle consists of three phase: fetch, decode, and execute; besides, the
time to execute each phase is 7. Then how long do we need to execute » instructions when
using the pipelining technique? Note that we assume that these » instructions are independent.
(A) 3nT, B)nT;, (Cyn+2T;, (D) (n+2)T.

8. The following shows a program written by C language. Please tell us the value of sum when
the £ox loop terminates.
void main (void) {

int k, sum = 10;
int a[5]={5, 4, 3, 2, 1}, b[5]={6, 7, 8, 9, 10};
for (k = 0; k < 5; k++)
sum = sum + af4-k]*b[k];
}
(A) 110; (B) 120; (C) 130; (D) 140.

9.  Which one is not the necessary condition for processes to result in a deadlock in an operating
system? (A) hold and wait; (B) circular wait; (C) mutual exclusion; (D) preemption.

10. Which one of the following protocols will be executed when we want to automatically obtain
an IP address? (A) DHCP; (B) DNS; (C) ARP; (D) TCP.

11. What is the first high-level programming language in the world? (A) machine language; (B)
assembly language; (C) C; (D) FORTRAN.

12. What is the hexadecimal equivalent of the octal number (4116)s? (A) (2126)10; (B) (201032)4;
(C) (100001001110), ; (D) (84E))s.

13. Please tell us the exection result of the following program written by C programming language?
#include <stdio.h>
void main (void) {
int k;
for (k=1; k<=9 && k!=3 &£& k!=5; kt+)

printf(“%d “, k); // print the value of k
}
(A)1 2, B)3 5;,(C)1 2 3 4, (D)1 2 46 7 8 9.

14. What is the task of ARP (Address Resolution Protocol)? (A) The task of ARP is to translate the
IP address to its corresponding MAC address; (B) The task of ARP is to translate the IP address
to its corresponding binary format; (C) The task of ARP is to find out the device location of a
given IP address; (D) The task of ARP is to translate the MAC address to its corresponding
binary format.
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15. What is the minimum number of required bits to store an integer that is no less than 0 but no
more than 1000? (A) 8; (B)9; (C) 10; (D) 11.

16. What is the decimal value of the 8-bit two’s complement binary number 111001107
(A) -102; (B) -26; (C)26; (D) 230.

17. One of the jobs of an operating system is to load a program from the hard disk into the memory.
Obviously, an operating system itself can be a program initially stored in the hard disk. Then
who loads the operating system into the memory when a computer powers on? (A) virtual
machine; (B) bootstrap in ROM (or BIOS); (C) complier; (D) browser.

18. LetX=(11011101), and Y'=(00010100), be two integers stored in 8-bit two’s complement

format. What is the two’s complement format of X —Y ?
(A)(11110001);; (B)(11001000);; (C)(11001001);; (D) Error, because of overflow.

19. Let A(r) be the area of a circle with a radius . Assume that the worst-case time 7() to execute
a given program with input of size 7 is T'(n) = nx A(n) = O(f (n)) . What is the function of
Jm)? (&) B)n’s ) n’s D)~

20. When you are browsing the webpage of http://www.mit.edu, what protocol will be executed to

e

find out the IP address of the web server of MIT? (A) ARP; (B)IP; (C) TCP; (D) DNS.




#HEs%: Tne [TREELETE)

Ay b LAS 104 B2EeEELEELEnas2RR4E

A% * 431007

MAFBRBERE "I, ERATES (B - Fd) (MEFHM) H1AF1E

PROBLEM 1 (40%) Figure 1(b) shows the waveforms of the line-to-line voltage and the phase current
of a three-phase motor (balanced Y-connected load) in Fig. 1(a). Answer the following questions.
(a) (10%) Estimate L and R. _
(b) (10%) Estimate the average power consumed by the motor.
(c) (20%) Connect balanced Y-connected capacitors in parallel with the motor to increase the power
factor. Determine the capacitance value in each phase so that the power factor is close to 1.
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Fig. 1(a) Fig. 1(b)
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PROBLEM 2 (20%) Figure 2(b) displays the Bode magnitude plot of a lowpass filter in Fig. 2(a).
Estimate the values of R and C.
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Fig. 2(a) Fig. 2(b)

PROBLEM 3 (20%) Determine the values of R and C in Fig. 3 so that the average power dissipation on
resistor R is maximized.

PROBLEM 4 (20%) The two inductors in Fig. 4 are unity coupled. Find the transfer function L($)/1;(s).

A ‘
06 1H 1H
| | ° . ¢ I,
cos(10007) % Iln(}I = C § R o CD 1FT 10

Fig.3 Fig. 4
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L.

(U8

The impedance matrix (Zgys) for Fig.1 can be expressed as eq. (1). (25%)

(a) Calculate the Z matrix after the line between Bus 2 and Bus 4 is removed; (15%)

(b) Assuming the bus voltages before fault are all 1.0p.u. Calculate the short circuit current when a
three-phase short-circuit fault occurred at Bus 3 for (a) and bus voltages after this fault. (10%)

0.71160 0.60922 0.53340 0.58049
10.60922 0.73190 0.64008 0.69659

Zps = 1
25 =71 053340 064008 0.71660 0.66915 M
0.58049 0.69659 0.66915 0.76310
Bus 4
j0.125
YT
Bus1
Bus 2 Bus 3
Reference et
Fig. 1 .

A Y-connected load bank with a three-phase rating of 1000 kVA and 1150 V consists of three
identical resistors of 1.3225 ohms. The load bank has the following applied voltages:

V., =920,82.8°, V). =1380£-41.4°,and V,, =1150£180° V. Determine (15%)

(a) the zero-, positive- and negative-sequence line-to-neutral voltages Vo, Vans, and V2, (5%)
(b) the zero-, positive- and negative-sequence line-to-line voltages Vso, Va1, and Vesz; (5%)
(c) the zero-, positive- and negative-sequence line currents g, Io;,and I2. (5%)

(All answers should be in p.u.)
Calculate the line flows and power flows from Bus i to Bus j and Busj to Bus 7 for Fig. 2 and the line

loss for this line (all values in Fig. 2 are in p.u.). (20%)
1.0£0° . 98/ —-4.73
0.01 jooa %7 | 4
Bus i \ -
MW 11 Bus)

Toot -j0.01]
Fig. 2
The inertia constant (H) of a three-phase 60-Hz generator is 1.5 p.u.-s. The electrical power delivery
by the generator ( P, ) versus its power angle (&) can be expressed as eq. (2). The mechanical power

input to the generator (£,,) 1s 0.5 p.u. (25%)
P, =1.2319sin(5) (2)

(a) Determine the swing equation and the initial operating power angle. (10%)
(b) Calculate the critical clearing time for the generator when a three-phase bolted short-circuit at the

generator terminals causes £, =0. (15%)
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5. Draw the phasor diagrams between the voltages and current of a synchronous generator of Fig. 3 at
(a) unity power factor, (b) lagging power factor and (c) leading power factor. (15%)
Ry 4%,

Fig. 3
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Problem 1 '

a. (5%) A point charge Q exists at (0, d, 0) in space, as shown in Figure (a). Using Theory of image, a
point charge of —Q exists at (0, -d, 0) symmetrically, as indicated in Figure (b). The dielectric
constant of the space is g. Write the electric intensities (Ex|y=0, EYly=0, and Ez]y=0) for a point on the
ZX-plane in terms of (d and R), or (d and r), as indicated in Figure (b).

b. (5%) What is the surface charge distribution on the ZX-plane? Sketch the distribution.

*

Grounded
_ plane condugior -
- o {magethares)
{a} Plysical arvangement. () Inage charge and Geld ines,
Figures (a) and (b) a single charge Q above a ground plane
Problem 2.

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

b
v

MT;;:H,
f

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

ﬁo—+Luiln—b— (H/ m) Here we have assumed that the current
8z 27 a
inside the signal-carrying conductor is uniformly distributed. And, the capacitance per unit length is

_ 27e,

“(2]
a
a. (5%) For the inductance, which term drops off at high frequencies? Why?

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

The inductance per unit length is L' = % =

' (F/m).

high frequencies, and please indicate the unit for it.

e Teup—
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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?

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

Problem 4
a.  (5%) Why Curl of Gradient of a potential field is zero, that is, ¥ x (¥%) = 0?
b.  (5%) Why Divergence of Curl of a vector field is zero, that is, V- (VX A) =09

c.  (5%) Refer to the following figure and prove the law of Cosines, ¢ = VA + B ~24Bcos e :

&Y

Figure (d) [llustrating example for Problem 4  Figure (e) Illustrating example for Problem 5

Problem 5

(20%) A plane wave is normally incident on a dielectric slab of relative permittivity ¢, and thickness d,
where d = Ay / (4\/E ) and g is the free-space wavelength of the incident wave, as shown in Figure (e).
If free-space exists on both sides of the slab, {ind the reflection coefficient of the wave reflected from the
front of the slab.

Problem 6
(10%) A lossless transmission line is terminated with a 100 Q load. If the standing wave ratio (SWR) on
the line is 1.5, find the two possibie values for the characteristic impedance of the line.

Problem 7

(20%) An average power of 1 (kW) at 10 (GHz) is to be delivered to an antenna at the TE;; mode by an
air-filled metallic rectangular waveguide 1 (m) long and having sides a = 2.25 (cm) and b = 1 (cm).
Assume that all the conductors are perfect electric conductors. Find the maximum values of the electric
and magnetic field intensities within the waveguide.
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[Problem 1] (20%) Explain and compare the following terminology pairs.
(a) (5%) TLB (Translation Lookaside Buffer) vs Page Table
(b) (5%) Interrupt-Driven I/O vs DMA
(c) (5%) VLIW vs Superscalar
(d) (5%) Multi-Core vs Cluster

[Problem 2] (20%) Consider a four-level memory hierarchy, M1, M2, M3, and M4, with access times
T1=10 nsec, T2 = 50 nsec, T3= 100 nsec, and T4 = 600 nsec. The cache hit ratio H1 = 085 at the
first level, H2 = 0.90 at the second level and H3 = 0.95 at the third level. Calculate the effective

access time of this memory system.

[Problem 3] (20%) IEEE-754 floating-point representation
(a) (10%) Using 32-bit floating-point format (8-bit exponent, exponent bias = 127, and base = 2)
to represent -1/64.
(b) (10%) Using 64-bit floating-point format (11-bit exponent, exponent bias = 1023, and base =
2) to represent -1/32.

[Problem 4] (20%) Consider a 32-bit microprocessor that has an on-chip 16 Kbytes four-way set
associative cache. Assume that the cache has a line size of four words (each word is 32 bits).
(a) (10%) Show the 32-bit physical address (Show how many tag bits, set bits, and offset bits).
(b) (10%) Where in the cache (by 1nd1c;at1ng the set number) is the double word from memory
location ABCDE8F8 mapped?

[Problem 57 (20%)A non-pipelined processor has a clock rate of 2.5 GHz and an average CPI (cycles
per instruction) of 4. An upgrade to this processor introduces a new processor with five-stage
pipeline. However, due to internal pipeline delays, such as latch delay, the clock rate of the new .
processor has to be reduced to 2 GHz and an average CPI of 1.

(2) (10%) What is the speedup achieved for a typical program with 100 instructions?
(b) (10%) What is the MIPS rate for the two processors, respectively?
<Note>: MIPS = Million Instructions per Second.




