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1. (15%) Please solve for y=y(x). .

(a) (5%) y"+2y'+y=0,(0)=4,y'(0)=-6
(b) (5%) x*y"—5x) +9y =0
(c) (5%) ¥ +5=In(y")

2
2. (15%) The ODE equation: (3x°y +6xy+ —);—)dx +(3x* +y)dy =0

(a) (5%) Verify the ODE is not exact.
(b) (5%) Find the integrating factor I{x,y).
(c) (5%) Find the solution of the ODE.

3x
n ’ e
3. (10%) Given the equation V —6y'+9y = 2 find the general solution.

1 2
4. (10%) If (a)f(f)=(t+5)‘,pand LIF(D] » (b) F(S)= Find L'[F(S)].

S(S8* +5)’
5. (15%) Consider the equations
x + 2y + 3z = 4
x + ky + 4z = 6
x + 2y + (k+2)z = 6

where k is an arbitrary constant.

(a) (5%) Find the reduced row echelon form (rref) of the augmented matrix of this
system.

(b) (5%) For which values of the constant k does this system have infinitely many
solutions? In addition, find these infinitely many solutions.

(c) (5%) For which values of the constant k does this system have no solution?

2
6. (20%) Consider the vector v = [3} and a transformation T(x) = v-x from R3 to
4

R in which the notation - denotes the inner product.
(a) (10%) Prove T(x) is linear and find the transformation matrix of T.
(b) (10%) Explain T (x) is invertible and find its inverse transformation.

(15%) A data set has three points (x,y) = (0,6),(1,0), and (2,0).

(a) (5%) Find the closest line y(x) = a + bx to these points.

(b) (5%) Find the closest quadratic function y(x) = ¢ + dx + ex? to these points.
(c) (5%) Which function gives better data fitting? Explain your reason.
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1. Describe the energy band gap differences in the insulator, semiconductor,
and metal materials. (15%)

2. Describe briefly the formation of the build-in potential in a p-n junction

diode. (15%)
3. Describe the crystal structure of the poly-crystalline silicon. (20%)
4. Explain

(a) Low injection for pn junction (5%)

(b) Zener breakdown (5%)

(¢) One-sided pn junction (5%)

(d) Diffusion length (5%)

5. Explain the reasons of the dominant current component are electron or hole
current of p'n, n"p, Np and Pn junction, where + and N (or P) mean high
doping concentration and wilder band gap material, respectively.  (15%)

6. How to make metal/n-type (or p-type) semiconductor to be a Schottky
Diode? (15%)
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1. Convert the following hexadecimal representations of 2's complement binar;y
numbers to decimal number. (10 points)

(a) xFO

(b) x7FF

(c) x16

(d) x8000

(e) x1

2. Without changing their values, convert the following 2's complement binary
numbers into 8-bit 2's complement numbers. (10 points)

(a) 1010

(b) 011001

(c) 1111111000

(d) 01

(e) 110

3. Implement a 4-to-1 mux using only 2-to-1 muxes making sure to properly connect
all of the terminals. Remember that you will have 4 inputs, 2 control signals, and 1

output. Write out the truth table for this circuit. (10 points)

4. Given the following truth table, generate the gate-level logic circuit, using the
Programmable Logic Array (PLA). Remember that this circuit have 3 inputs and 2
outputs. (20 points)

A B C 150 Fi
0 0 0 1 1
0 0 1 0 1
0 1 0 0 0
0 1 1 10
1 0 0 0 1
1 0 1 1 0
1 1 0 1 1
to1o1 jo o
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5. Give the definition of the von Neumann model of a computer. Describe a robot

with the von Neumann model. (10 points)
6. Prove there are infinite prime numbers. (10 points)

7. Write an algorithm, with a positive input integer n, to list all prime numbers less

than n. (10 points)

8. What is supervised learning in machine learning? Describe how a neural network

does supervised learning. (10 points)

9. Describe three instructions of an assembly language that you know. Describe how

an assembly language program is assembled into machine code. (10 points)
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1. The amplifier in Fig. P1 is biased to operate at /p =1 mA and g» = 1 mA/V.
(@) (10 %7) find the midband gain when neglecting ro.

(b) (10 43) find the value of Cs that places fz at 10 Hz. Voo

Rp=10kQ

vout
M,

+ Cs
"/, 4 I
Rs=6kQ
-Vss -

Fig. P1

2. Consider the operational rectifier or superdiode circuit of Fig. P2, with R= 1 kQ. Assume that the
op-amp is ideal and that its output saturates at 12 V. The diode has a 0.7 V drop at I mA current,
and the voltage drop changes by 0.1 V per decade of current change. What are the voltages that
result at the rectifier output V., and at the output V4 of the op-amp A?

(a) (5 43) when V;=10mV
(b) (547) when V;=1.0V.
(¢) (547)whenV;=-1.0V. +

Fig. P2

3. Negative feedback having four basic topologies (Shunt-Series, Series-Series, Shunt-Shunt, and
Series-Shunt) is to be used to modify the characteristics of a particular amplifier for various
purpose. Identify the feedback topology to be used if:

(8) (5 47) Input resistance is to be lowered and output resistance raised.
(b) (5 47) Both input and output resistance are to be raised.
(¢) (5%7) Both input and output resistance are to be lowered.
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4. (20 43) (a) If the op-amp is ideal except the voltage gain A=1200 V/V, calculate
Vour. (b) If the op-amp is ideal except A=1200 V/V and input offset voltage V,; =
20 mV, calculate V.

+ A Vout

+
_Vin=2V

= Fig. P4
5. (10 4¥) The op-amp is ideal except its slew rate Slew Rate = 200V /us. While
Vin (t) = V; X sin(wt), calculate the full-power bandwidth (a) if V; =1V and (b)

if V; = 10V.
+ A Vout
+
Vin
= Fig. P5

6. (20 47) The input is a voltage step of 0.1V arriving at t=0. C=1pF and R=1kQ.
V,u:(t = 0) = 0V. Note that the output can swing from -15V to +15V. Calculate
Voue (t = 100ms),

(a) if the op-amp is ideal and )
(b) if the op-amp is ideal except A=1000 V/V.

Fig. P6
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Useful physical constants: &, =

1.

-9

367

BEFHFHERZECLxI0)ER - BEZO.IxI10°)AT » FEFE—EA
MAMSSESERHET/KHEE T RNERET > EHERFNE—ET
IS TESPHINEE BEO)YA R/ 2 IE X 5 1E - 518 LAt 5
BEHHIAR/NELTTE - (10%)

—A SR AV E AR - 7 B EERE - HEMIGERER 2.8 K
R 0 G 17 BUBHYEERE » HE MR EREE Ry 3.4 (% - S EOUE—
37 R EERE - RIS RACEIHAYER A%/ DELRE 7 (10%)

(F/m); t, =47 %1077 (H/m)

- E—REEERSENE  e,=100  EEPEEEISBIS A

Mxyz)=12x22 (V). BB NEADMEAES E - E{LEE P -
EEETED ~ BRI . - ELRMEER py - (15%)
HBHEEAE E p<2m> &, =2 Y Ei = 3a,t 6aet 9a, (V/m) °
£ p>2m> £,=3 > KL ZEE Es © (5%)

. O RE RSB S TR Maxwell’s equations » 37 ERBHEY)

HEE - (10%)

. — BRI ES RSy 20 cos(2rnx107 t—-0.2n 2) a, » E o a, BEIA

=EN

(a) KL BRI HIBRER |

(b) ait BHIL EERE R H IR T[]
() KL EBRA I HIRHE
(30%)

AR xy FHEA-RPER o HER I TRUETEATR

(a) F5:RBH z #h EAYEL (0,0, Y ERIE I »

(b) h=+5cm FI h=-5cm Bf > HEEGA/NEFHFMZSR?
(20%)

Az

20,0, h)

o,
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