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1. (10%) Find the angle between the straight lines 4x—y =2 and x+4y=3.

2. (15%) Let vectors a=[4, 3, 9], b=[2, %, ~1]. Find

(a) |2a+3b|

(b) the inner producta - b
(c) the vector product axb
(d) the component of a in the direction of b

(e) For what value of ¢ are ¢ = [c,, 2, O] and a orthogonal?

3. (15%) Find the plane through points A(1, 2, 3), B(-1, 4, -5), and C(0, 1, -6).
4. (10%) Find the rank of the matrix

>

il
DN
(SR N N

o o

5. () (10%)

fx)=x,-2<x<2; f(x+4)=f(x)
SK4EL fBY Fourier Series ©

(b) (10%) HLL_E&ESRF A Parsevel TE B XRER AT

il/m2

m=]

6. (10%) FIFE EEBEBOE KR v, — x u, =0 HYEFE -
7. (10%) B
y"+2y+5y=0,y(0)=2,y'(0)=6

8. (10%) F(w)& A1) &7 Fourier 8% ; & AORBREBENA-0=AY) > M Fo)e
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1'0. Please evaluate I

Find the derivative of the following function, (10 %)

f)=o-x*

Evaluate the integral T (10 %)
(1-x)’

Calculate the square root of 2 by expanding the Taylor series to its 7™ derivative, and

compute the percentage of error from the result of calculator. (10 %)

(w/>Dm@lww—W%@m%@ﬁ EHEUTHHEY
J.J. e )dxdy

(2)3A Taylor Series # 3/8(1+x) ¥ x B & O(xz) M (5%)
OFHAR LR ROy MmELFEFLEE (10%)

1 X
K& lim [1+;j (59) -

sinx

Please evaluate Lm dx (10%)

2cos” x—3cosx—2
Please find the domain of x such that the following series converges. (10%)
S =1+tan(x?)+tan® (x*) +tan’ (x*) +...+ tan" (x*), n >

¥4
Please evaluate J sinfcosf — %\a’@ (10%)

0

X

(x+2)(x +3)(x+4)

dx (10%)
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A velocity field is given by V = (V, /1) (x1 — yj) where V; and / are constants.

(a) At what location in the flow field is the speed equal to 7,? (5 %) |

(b) Make a sketch of the velocity field in the first quadrant (x = 0,y = 0) by drawing
arrows representing the fluid velocity at representative locations. (10 %) ;
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Air flows steadily at low speed through a horizontal nozzle, discharging to atmosphere. -

The area at the nozzle inlet is 0.1 m?, and 0.02 m? at the nozzle exit. Determine the

gauge pressure required at the nozzle inlet to produce an outlet speed of 50 m/s. (15 %)

Water flows steadily through the 90° reducing elbow pipe. At the inlet to the elbow, the
absolute pressure is 220 kPa and the cross-sectional area is 0.01 m®. At the outlet, the
cross-sectional area is 0.0025 m’ and the velocity is 16 m/s. The elbow discharges to
the atmosphere. Determine the force required to hold the elbow in place. (20 %)

A viscous fluid is contained between wide, parallel plates spaced a distance / apart as
shown in Fig.1. The upper plate is fixed, and the bottom plate oscillates harmonically
with a velocity amplitude U and frequency @ . The differential equation for the
velocity distribution between the plates is: |
ou  Ou
,05 = lly

where u is the velocity, ¢ is time, and p and g are fluid density and viscosity,

respectively. Rewrite this equation in a suitable non-dimensional form using #, U, -

and @ as reference parameters. (15%)

Fixed plate

m— 1= U cos(ewt)
Fig. 1
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A gate having the cross section shown in Fig.2 closes an opening 1.5 m and 1.2 m high ‘

'in a water reservoir. The gate weighs 2.2kN and its center of gravity is 0.3 m to the left
of AC and 0.6 m above BC. Determine the horizontal reaction that is developed on the
gate at C. (20%) ’

-~

Water

2.4m

1.2m

Fig.2

6. A 1-m-diameter cylindrical mass, M, is connected to a 2-m-wide rectangular gate as

shown in Fig. 3. The gate is to open when the eater level, /2, drops below 2.5m.
Determine the required value for M. Neglect friction at the gate hinge and pulley.
(15%)

4m : . Water
: Im

diameter

h

Im

Fig. 3
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1. Bathymetry

2. Thermocline

3. Cabbeling effect

4. Tidal current

5. Ekman transport

6. Estuarine circulation

7. Gravity wave

8. Ocean acidification

9. Benthic habitat

10. Acoustic tomography
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1. THB.AZB AL/ FIKMITLER D %&mzfﬁ/ﬁ(x TE)REE(X Ta)MERE(Y &)
Z8E BYZ RGeS BBEETHREA LN w4 - 31 (Q)BERBEREEAT
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(18%) For the circuit in Fig. 1, find the values of i, vy, iy, i, Vo, iz, and i,. Also find the i

voltage gain v,/ vy, and the current gain iy / iy.

(20%) The 6.8-V zener diode in the circuit of Fig. 2 is specified to have Vz = 6.8 V at I
=5mA, r,=20 Q, and Izx = 0.2 mA. The supply voltage V" is nominally 10 V but can
vary by 1 V. (a) Find Vp with no load and with V" at its nominal value. (b) Find the
change in Vp resulting from the =1-V change in 7. (c) Find the change in Vy resulting
from connecting a load resistance R; that draws a current I, = 1 mA. (d) Find the change
in Vo when Ry =2 kQ. (e) Find the value of Vp when R; = 0.5 kQ.

(16%) Figure 3 shows a discrete common-source MOSFET amplifier utilizing the drain-
to-gate feedback biasing arrangement. Determine the small-signal voltage gain v,/v;, and
the input resistance Rj,. The transistor has V; = 1.5 V, k’,(W/L) = 0.25 mA/V 2, and V, =
50 V. Assume the coupling capacitors to be sufficiently large so as to act as short circuits
at the signal frequencies of interest.

(15%) A piezoelectric crystal, such as quartz, exhibits electromechanical-resonance
characteristics that are very stable and high Q factors. The circuit symbol of a crystal is
shown in Fig. 4(a) and its equivalent circuit model is given in Fig. 4(b). A 2-MHz quartz
crystal is specified to have L = 0.52 H, Cs=0.012 pF, C, = 4 pF, and = 120 Q. Find the
series resonance frequency f;, parallel resonance frequency f,, and the Q factor.

(15%) For the class B output stage of Fig. 5, let Voe=6 V and R =4 Q. If the output is
a sinusoid with 4.5-V peak amplitude, find (a) the output power; (b) the average power
drawn from each supply; (c) the power efficiency obtained at this output voltage; (d) the
peak currents supplied by vy, assuming that Sy = fp = 50; (e) the maximum power that
each transistor must be capable of dissipating safely.

(16%) For a pn junction with N = 10""/cm® and Np = 10'%/cm’, find, at T = 300 K, the
built-in voltage, the width of the depletion region, and the distance it extends in the p
side and in the » side of the junction. Use »; = 1.5x10"%cm?.
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(1) sin@ = ? (5%) L -
) BFFHHRIABE D ?2(5%) -

5

6. —f@5+7 (ION,5N, -8 N) kA AR B L > %A EA (1m,2m,-1m) - HH :
) *(mimlm) 5L HELED - (10%)
(2) WwRBIETUEEEB (Im2m,-Im) % 2m,1m,0 m) & 48y — 1B 8

REBE > FR LA EABRBINELSELS D - (10%)
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