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1. {10%) Solve the following initial-valued problem using Laplace transform:
y" + 2y + By = sin{3¢), »{0) =1, ¢'(0) = —1

2. {15%) The vibration of a mechanical system with damper may be represented by the following ODE:

- where m, ¢, k are posifive constants. Show that ]im;_,ooy(t} = (). What is the physical significance?

3. (20%) Consider the following second-order linear nonhomogeneons ODE:
. 2 1 ! 2 1 2
Yy + oy + m—Z y=z° >0

One may easily show that one of the homogeneous solutions is 5&,‘%

(a) Find the second homogeneous solution. (10%)

.

(b} Find the particular solution. (The solution may be represented in an integral form.) (10%)
4. (15%) This problem is abont line integration: '

(a) Use Green's theorem to evaluate the line integral: JoF(z) - dr, where F = 3221 — 42y j, and C is the contour
along the boundary of the rectangule, 0 <z < 4, 0 < y < 1, in counterclockwise sense. [10%)]

b) Find the length of the semicubical parabola: r = i+ V23 j from (0,0,0) to (4,8,0). [5%
g P

5. {15%) Consider the following matrix A:

1 =30
A= -3 -1 0
0 0 1

Find the diagonal matrix A and the orthogonal matrix P so that 4 = PAPT (the superscript T* stands for
transpose). Also, outline the procedure that may efficiently evaluate A", where N is an integer, which may be
large. )

6. {256%) The acoustic sound wave may be described by the wave equation:

Pp _ 20
812 " fa?

where p is the acoustic pressure, and c is the sound speed.
L - .
(a) Show that eny function of the form f(z —ct) or f(z +ct) is the solution of the PDE. What is the significance
of these functions? [10%] '

(b) If the initial and boundary conditions;are:

BCs  p(0,t) =¢, p(l,t)=0

ICs  plz,0) = {],‘ %}(m, 0} =0

determine the solution for p(z,t). [15%]
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1. (20%) Define and give the physicel significance of the following non-dimensional parameters:

(a) Reynolds mumber (5%)
{b) Strouhal number (5%)
{¢) Froude number (5%)
(d) Mach number (5%)

2. (10%) The velocity of a two-dimensional fluid flow is given by:
v(z,y) = 4oy i+ 2(z* + v*))
Is this flow compressible? Why? Is this flow irrotational? Why?

3. (10%) Use the Bernoulli’s equation to explain why the cavitation is formed at the high-speed rotating
propeller of a ship.

4. (20%} A 20 m wide spillway for a dam is designed to carry 125 m?/s at flood stage. A 1:15 model is
constructed to study the flow characteristics through the spillway. Determine the required width and flow
rate of the model. What operating time for the model corresponds to a 24-hr period in the prototype?
The effects of surface tension and viscosity are negligible.

5. (20%) Iu ancient time, circular containers filled with water sometimes were used as a crude clock. The
containers were shaped in such a way that, as water drains from bottom, the surface level dropped at a
constant rate, s. Assuming that water drains from a small hole of area A, find an expression for the radius
of the container, 7, as a function of the water level, . Determine the volume of water needed so that the
clock willl operate for n hours.

6. {20%) For a fluid particle on a moving boundary such as ocean surface, the fluid motion requires that
the particle remain on the surface during the movement of the boundary. According to this principle,
determine the houndary condition for the fluid motion, if the moving surface is given by:

1 2
zlz,y,t) = 5 (e"Ic2 +e? )cos(wt)

where w is a constant. Also, find the normal velocity of the finid particle at (z,y) = (1, —1).
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(1). Design the circuif shown in the right (i.e. find the
vaiues for Re and Rg) to establish a collector current
of lmA and a reverse bias on the collector-base
Junction of 4V. Assume o= 1 and Vg = 0.7V,

20%

(2). (a) What is the circuit as shown in the below? 5%
(b) Derive the transfer function of v, over v, 5%
{c) Use the data of Table 1 shown in below to design

the circuit in (a) to realize an all-pass filter with
ap rad/s, O =3, and flat gain = 1. Use C = 10nF
and » = 10kQ. (i.e. to find the values for R, OR,
Cp Ry, Ryand Ry). 10%
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Table 1 DESIGN DATA FOR THE CIRCUIT

Al cases C = arbitrary, R = VwyC, r = arbitrary

LP Cy = 0, R = », Ry = R/dc gain, By = =

Positive BP Cy =0, R, = =, Ry = =, Ry = {ricenter-frequency gain
Negative BP C =0 K

QRicenter-frequency gain, Ry = =, By = =

HP €y = C X high-frequency gain, B) = %, Ry = %, By = «
Noich €, = C X high-frequency gain, 8] = =,

(all types) Ry = Riwglw,)?Migh-frequency gain, Ry = «
AP Cy = C X flat gain, R) = =, B; = Rfgain, R, = Qr/gain

(3).
{a) Draw and show the configuration of the four types of feedback design known
to be used in an amplifier.  10%
(b} To increase the input resistance R; of an amplifier, what type of feedback
design should be used? Why? 5%
(¢) To decrease the output resistance R, of an amplifier, what type of feedback
design should be used? Why? 5%
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(4).
(a) For the circuit shown in the right, | |
find Io; and Ig; in terms of Iper and Iml( ‘l | llm
5. Assume all transistors to be Trer o J
maltched with current gain 8. 2

') el
10% *‘ ]
{b) Use this idea to design a circuit

that generates currents of 1, 2, and
4 mA using a reference current o E 0,
source of 7mA. What are the actual
values of the currents generated for .
g=50? 10% l
= Ve

(5). For the basic gate circuit shown in the below, please answer the following

questions. '

(a) What is the logic family of the circuit shown? 4%

(b) What are the logical functions of Output; and Ouiput,? 4%

(©) Assuming that the voltage drop across each of Dy, Dy, and the base-emitter
junction of Q9 is 0.75V, calculate the value of V. Neglect the base current of
0, 4%

(d) As in (c) with the input terminals 4 and B left open, find the current I
through Rz. 4%

(¢) Asin (d) please also find the voltages at the Output; and Output;. 4%
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