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1, (25%) Consider the following Initial Value Problem {IVF):

(z—1y"-z¢+y = 2, 0<a<1
¥ = ¢
y'(0)

|
—

Assume the solution of the above IVP is of the form
T
Yo) = xe” + ead(e) + [ (e 00

Find ¢y, ez, ¢(z}, and (=, £).

2. (25%) Consider a vector field: F = 22r/|r|, where r = zi + yj + 2k, and i, j, k are unit vectors inez ¥y 2

coordinates, respectively.

(a) (5%) Sketch the vector field (use a right-handed Cartesian coordinate with z pointing upward.)

(b) (20%) Evaluate
“][LvmwvA

where V is the volume of a sphere centered at origin and with radius 2.

3. (25%) Solve the following non-homogenous PDE system:

%\: g—:l—:+e“sin5m,0<a:<1r
u{0,f) = 0
wm ) = 1
u(z,0) = 0

4. (25%) Apply contour integration to evaluate the following integral:

j°° ccs:n:d:U
o VE

You may need to express your answer in terms of Gamma fusiction: r(i/2)=f;° e“'y'% dy. Justify each step

in your derivation.
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3.

A frame is shown in Figure 1, whete the pulley at D has e mass of 200 kg,
Neglecting the weights of the bars, find the force transmitted from one bar to
another at C. (20%)

.

4 m——ste—2.5 m—|

Figure 1 Loaded frame.

What is the resultant and the center of pressure for the pressure distribution as
shown in Figure 2? Notice that the pressure varies linearly in the x and y
directions. (20%)

P
20 N
30 Nfm? Y
dx g G:v{°
v 10m

X

Figure 2 Pressure distribution.

Formulate the shear-force and bending-moment equations for the beam in Figure
3. Sketch the shear and moment diagrams. (20%)

7 sonm 100N
' | 4

=

= o
5000 N—m

-.-,:.' ‘ L_g m——al‘——_—3 m ‘.l | 5m

Figure 3 Loaded beam.
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4. For target practice, a 9 N rock is thrown into the air and fired on by a pistol. The
pistol bullet, of mass 57 g and moving with a speed of 312 m/sec, strikes the rock
asitis descendihg vertically at a speed of 6.25 m/sec (Figure 4 (a)). Both the
velocity of the bullet and the rock are parallel to the xy plane. After the bullet hits
the rock, the rock breaks up into two pieces, 4 weighting 5.78 N and B weighting
3.22 N. (20%) :

a. What is the velocity of B after collision for the given post-collision velocities
(all in the xy plane) of the bullet and piece 4 as shown in Figure 4 (b)?

b. If wind resistance is neglected, how high up does the center of mass of the
rack and bullet system rise afier collision?

219 misec |-
© Nag

ta) . {b)
Figure 4 Bullet striking a rock.

5. A uniform cylinder of radius 400 mm and mass 100 kg is actgd on at its center by
a force of 500 N. Please draw the free-body diagram of the cylinder, and compute
the friction force f{assuming no-slipping condition and friction coefficient y.~=
0.2) (20%)

/ T C il o g i Vg

Zz

Figure 5 Rolling cylinder.
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1.(a) For what voltage will the reverse current in a pn junction silicon diode reach 95
percent of its saturation value at room temperature? (4%)
(b) What is the ratio of the current for a forward bias of 0.2 V to the current for the same
magnitude of reverse bias 7 (4%)
(c) If the reverse saturation current is 10 pA, what are the forward currents for voltages of
0.5 and 0.7V, respectively? (4%)

2. In the circuit in Fig.1, a 5-V Zener diode is used which provides regulation for 50mA <1,
< 1.0A. Determine the range of load currents for which regulation is achieved if the
unregulated voltage Vg varies between 7.5 and 10 V. The resistance Rg=4.75Q2. (10%)

3. Calculate the dc bias voltages and currents I, Iz and Vg in the circuit in Fig.2. (12%)

4, An p-channel JFET has V, = -5V and I3 = 12mA and is used in the circuit shown in
Fig.3. The parameter values are Vp, = 18V, Ry =2K (), Ry = 2K (), R, =400 K2, and
R, = 90K .

(2) Determine Vg and Iy, (5%)
(b) Draw the small-signal equivalent of the circuit. (5%)
(¢) Determine the output resistance seen between terminal 1 and ground. (6%)

5. It is desired to have a high-gain amplifier with high input resistance and high output
resistance. If a three-stage cascade is used, what configuration should be used for each
stage? Explain. (10%)

6. For the instrumentation amplifier shown in Fig.4, derive the relationship between Vg and
(V-V)). (10%)

7. (a) The Schimitt trigger in Fig.5 uses 6-V Zener diodes, with Vj, = 0.7V. Assuming that
the threshold voltage V, is zero and the hysteresis is V;; = 0.2V, calculate R,/R, and V5.
(7%)

(b) This comparator converts a 4-kH; sine wave whose peak-to-peak value is 2V into a
square wave. Calculate the time duration of the negative and of the positive portions of
the output waveform. (7%)

8. In the inverted-ladder DAC shown in Fig 6, the switches are connected directly to the
Op-Amp input.
(a) Show that the current I drawn from Vy is a constant independent of the digital word.
(4%)
(b) What is the switch current and V if the MSB is 1 and all other bits are zero? (4%)
(c) Repeat (b), assuming that the next MSB is 1 and all other bits are zero. (4%)
(d) Caleulate V,, for the LSB in the 4-bit D/A converter with all other bits zero. (4%)
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1. (15%) fEj& 08 :

() BRBEREZ AR PHEEZBERENBSC/I0 ko (ERAELAILE)  ROH 8N
BN kn R AL AT ¢+ (TEAHER - HRERBIBENGSC  RATESS
WS AEBEAR 48 L B R ) 638 B L AT 7 |

(b) SRPIHHIERBE (wave) ? FFHERHE (fuid flow) ? BRATEHGE BUBMEIIRZ o 53 » BIAYABALIFE (phase
speed) $2 75 2h 22 /1 B % 1 3 e (particle speed) 2

() B M4+ PR J2 FE 4B 60 1 B5 (divergence) ~ 1 BE (curl) ~ B30 B (mass flux) ~ B M (mrcu]a.tlon) NESHR .

YEAE o X REBHERHEEZEHFHERR?

2. (5%)AMIEES T AHEE (AEH) WRB\ASMES (NRELEEHT - EROTWBE
He) gﬁ%gfjm@ﬁ.j({tﬁ&(mm—dlmensmnal parameters) ¢ R EH T 2RI RBE B AKX

FTRE 2 B o

3. (15%) A MEAEUFS IS 100 m » MELFFR o %ﬂl’u‘i%%ﬂﬁﬁﬂ?ﬁﬁﬂ%iﬂ]%%ﬂéﬂﬂﬁﬁ o (fRAH
RENBARE)

4. (15%) ¥ 7K BEZE 35— K SRR RR ST R AR BOAAF T M4 (iom coffin) ;o Werner #8 5% 7Eth BT sy & (HLA.
Werner, Iron Coffins, 1st edition, Holt, Rinehart & Winston, New York, 1969.) R #R 3 : © 50 BT R MY I
{20 DASg /N R © BT Y S FE AT » AT B L/NB » 58 » BRUE/NR2HERERTT » TOAIE T
3R o, BUBRFBRY LEN Wener ERATRNEETETEB?BHE?

5. (15%) A cylinder tank in a rocket contains 10 gallons of water. The internal tank dimensions are 8 inches in
diameter and 100 inches long. The tank is 3000 feet above sea level and is being accelerated parallel to its length
at 20 feet per second at an angle 20 degrees above horizontal. The space not occupied by water is air at 100
psia. Determine the angle of the liquid surface exposed to the air.

6. (25%) An infinite plate overlying a semi-infinite viscous fluid with kinematic v15comty v as shown in Figure 2.
The plate oscillates with velocity vp coswt. Determine :
(a) the velocity profile of the fluid as a function of depth; (15%)
(b) the depth at where the maximum velocity of the fluid is %, This may be referred to as critical depth; (5%)
{c) the depth at where the motion of the fluid is 180° out of phase with respéct to the plate. (5%)

¥y CO8 of

<

=] _ Figure 2
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