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1. (10%) Determine the solution of the foflowing initial-valued probiem, and plot the results:

dy  _dy , 1
458 g% gy =2 -
2. (10%) Find the directional derivative of f(z,y, z) = \/-—24_12-?;_*; at the point P = (1,2, 4) in the direction
3Py e
of the vector a = i+ j — k.

3. (10%) Solve the following linear systein by the method of Gaussian elimination:

r—y+3z=2
3z —3Jy+z=-1
r+y=23
4. (10%) Give the definition of the Dirac delta function: 8{t — o), and then show: J TB(t —tp)di = f{to).

e

<A

- {15%) Solve the [ollowing ordinary differential equation:

2" + @y + 4y = 2sin(In )

=]

- (15%) Consider the ordinary differential equation: #%y" + zy’ + 2%y =

(a) Write down the solutions in terins of Bessel functions. (5%)

(b) Sketch the solutions, and discuss the behaviors of the solutions for small and large x, respectively.

(10%)

I
_ O

0 1
. {10%) Find the eigenvalues and the corresponding orthogonal eigenvectors of the matrix: | 1 1
1 0

&=

(20%) Solve the non-homogeneous heat equation: %,{ = kV?T + g(r, t) inside the circle {r < @) with T =0
‘at 7 = o and initially T = 0, where k is a constant, and ¢ is the radius of the circle.
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1. {30%, 5 poi'nts each) Define and explain the following terms:

{a) Pressure prism

{b) Pressure head

() Ca;\)illary action

(d) Manometer

{e) Buckinghain Pi theorem

{f) Beynolds siress
{16%) A spherical buoy has a diameter of 1.5 m, weighs 8.5 kN, and is anchored to the sea floor with a cable. If

the buay is completely immersed in the water, what is the tension of the cable? (Hint: seawater specific weight is
10.1 kN/m?%)

[

3. (10%) A mountain lake has an average temperature of 10°C and a maximum depth of 40 m. For a barometric
pressure of 598 mm Hg, determine the absolute pressure {in pascals} at the deepest part of the lale.

4. {10%) An open l-m-diameter tank contains water at a depth of 0.7 m when at rest. As the tank is rotated about
its vertical axis, the center of the fluid surface is depressed. At what angular velocity will the bottom of the tank
first be exposed? No water is spilled from the tank.

5. (10%) Give the required assumptions, and then derive the following Bernoulli’s equation:

—%% + T—; + % [(%)2 + (%)2] +g2 = C()

wilere ¢ is the velocity potential.

6. (15%) The wing section of an airplane in flight at 150 kmy/hr at 1000 m altitude in standard air is shown in the
figure. Point A is the stagnation point, and the speed at the point B is 60 m/sec relative to wing. Find the
stagnation pressure at point A, and the static pressure at point B. (Note that at 1000 m, p/ps. = 0.8870, and
pfpsr = 0.9075, where the subscript SI. stands for "Sea Level”. pg, = 1.01325 x 10% N/m?, pgy, = 1.225 kg/m®.)

14
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Iy = BQ mfsec
A 8 (relalive fo wing}
¥, 150 knihr < T T

7. (15%) Water flows steadily through the reducing elbow shown. The elbow is smooth and short, and the How
accelerates, so the effect of friction is small. The volume fow rate is () = 1.27 Lfsec. The elbow is in a horizontal
plane. Estimate the gage pressure at section 1, i.e., p. Calculate the 2 component of the force exerted by the
reducing elbow on the supply pipe. '

Reducing elbow

X Plan view —“*l L'“‘ d=12.7 mm
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L. For the bias circuit shown, the transistors have the samne parameter ; lg =
1071* A, Also we have Rs=40k2, Fta=8k§}, V01 =15V, and Vep=-15V. Cal-
culate : (20%)

{(a) the reference current through Ru. 5
(b) the collector cucrent Ipyg.

VCC

2. Consider the difference amplifier shown. Let R, = By = 108 and 2y =
Ry =1MQ. If the op amp has V,, = 2V, Iy = 0.3p¢4, and 1,, = 50nA,
find the worst case (largest) de offset vollage at the output. (20%)

3. For the oscillator circuit show, determine the vscillating frequency and the
ratio of f2for oscillation. (20%)
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4. For the serics-shunt feedback amplifier shown, determine A, 8, fi,, and
foue. The transistors have hy, =100 with ¢, biased at lmd, (2 at 2mA, and
@3 at bmwA. The circuit paremeters are : Rz= N, Rp==9508), fo=1k(l,
Rez=0.5k0. (20%)

S v,

5. The TTL circuit has parameters : Vog =3V, [ty = 6 kfl, Ry = 2k}, iy =
800 @, By = 1.5 k{}, Br = 25 and S = 0.1, {20%)

{a) Determine the volatges at each node and curvents in each transistor (igy
, aud ic,) for Vx = logic 0.

{b) Repeat for Vx = logic 1.

VCC
2
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