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1. {10%) Derive the general solution of the following non-homogeneous ODE:
y" + 4y = g(z)
Express the answer in terms of integral.
2. (10%) Consider the following ODE:
¥ — 4 + 4y = 3t + 5te” 4 tcost

Determine a suitable form for the particular solution, if the method of undetermined coefficients is to be used.
{Note: You don’t need to find the unknown coefficients)

3. (15%) Find the general solution of the following ODE:

2%y — 32y’ + 4y =2z

4. (15%) Find the value of ¢ so that the solution of the following initial value problem remains finite as ¢ — co:

dy .
i =1+ 3sint, y{0)=c

5. (15%) Find the closest point on the plane Az 4 By -+ Cz+ D = 0 to the point (2o, yo, z0} in space. Formulate this
problem as a constrained minimization problem.

5. (15%) Apply contour integration to evaluate the following improper integral:

]
./; e

Justify each step in the evaluation process.
7. (20%) Solve -, the following diffusion equation:

ar 8T ‘-

o = - t

Fn 92 +3eFsin(3z), O<z <, t>0
TO,t) = 0,t>0
T{m,t) = 1, ¢t>0

T(z,0) = z, 0<zs <
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. (20%) A gate of width 35 m. is used to control water flow from a dam as shown in Figure 1. Determine the
magnitude, direction, and line of action of the force from the water acting on the gate.

. (20%) Figure 2 shows that water flows at low speed through a circular tube with inside diameter of 50 mm,
and a smoothly contoured plug of 40 mm diameter is held in the end of the tube where the water discharges to
atmosphere. Neglecting [rictional effects and assuming uniform velocity profiles at each section, determine the
pressure measured by the gate and the force required to hold the plug. '

. (20%) The power P required to drive a fan is believed to depend on fluid density p, volume flow rate @, impeller
diameter D, and angular velocity w. Use the dimensional analysis to determine the dependence of P on the other

parameters.

. {20%) A yiscous-shear pump is made from a stationary bousing with a close-fitting rotating drum inside as shown
in Figure 3. The clearance is small compared to the diameter of the drum, so flow in the annular space may
be treated as flow between parallel plates. Fluid is dragged around the annulus by viscous forces. Evaluate
the performance characteristics of the shear pump, including pressure differential, input power, and efficiency, as
functions of the volume flow rate. Assume the depth normal to the diagram is b.

. (20%) Consider a flow field with mass generation Q(r) per unit volume per unit time, derive the general governing
equation of mass conservation (i.e., continuity equation) for this flow field, in terms of density p{r,t), v(r,?), and
€}(r). And then reduce the equation to one that satisfies the following conditions, respectively:

(a) if the flow is steady state.

{b) if the flow is incompressible.

(¢} if the flow is spatially uniform.

Figure 1

Figure 3

Figure 2
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2. Q5% FIITERBERTIIS » R o WBEFIIBAARE R ?
(@) F, = yeos(y)+ ¥, F, = xcos(p)+ 3"
() F, =", F,=¢"

c) F,=e"+y,F,=¢"+x

3. (25%) SEETEH THIS IR IR SR & IR A JIE °
F1=(50i+40j-30k)N FEFE A=(-2i+3j+4k)m
F2=(20i-251+120K)N HE7E at B=( 3i+1j+2k)m
F3=(15i+15j+500ON JEE at D=( 3i+1j+26)m
C1=(-30i+35j+20k)N-m
C1=(-30i+35j+20k)N-m
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1. Assume each diode in the circuit show in Figure 1 has a cut-in voltage of
¥V, =0.65V . The input voltage is ¥, =5V . Determine the value of R1 required
such that I, is one-half the value of 1,,. What are the value of the, and I, ?

(20%)

2. (a) For the circuit shown in Figure 2, assume B =75 Determine I, Iep» and

Vecg (b) Determine the value of Jy,, Iop, andVy, if #=100.(20%)

3. For the common-emitter circuit shown in Figure 3, assume the emitter bypass
capacitor C, is very large, and the transistor parameters are: f, =100,

Voye(on)=0.7V ¥, =c0, C,=2pF, and f. =400MHz. Determinie the lower

and upper. 3dB frequencies for the small-signal voltage gain. Use the simplified
hybrid-# model for the transistor. (20%)

4. For the Widlar current source shown in (Figure 4), the parameters are :
R =T7kQ, Ry =5kQ, and Ry, =2kQ. Assume Vg (on) = 0.7 V. Determine

Togrs Inpsand Iy (20%)

5. The differential amplifier shown in (Figure 5) has a pair of pnp bipolars as input
devices and a pair of npn bipolars connected as an active load. The circuit bias is

I, =0.2mA, and the transistor parameters are £ =100 and V,=100V.

(a) Determine I, such that the dc currents in the diff-amp are balanced. (7%)

(b) Find the open-circuit differential-mode voltage gain. (7%)

(c) Determine the differential-mode voltage gain if a load resistance R, =250 kQ is
connected to the output. (6%) o
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