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1. (10%) Solve for the ODE: ' - 2zy = 1 with initial condition: ¥(0) = 1, and express your answer in terms of error

function defined as erf(z) = 72’; f: e dt.

2. (10%) Knowing that x is a solution of the nonlinear ODE: 3 = 1+ 2% — 2zy + ¢, find a more general solution of
the problem.

3. (25%) Consider the spring-mass-dashpot mechanical vibration system shown in Figure 1:
(a) (6%) Applying the fundamental principles of mecha‘.nica, show that the ODE describing the displacement y

as function of time ¢ may be expressed as my" + by’ + Ky = Fy(¢).

{b) (5%) Let the external force Fy(t) = 0, find the solution of the displacement y(f} form =2, b =1, K = L.
What is the angular frequency of the natural vibration?

{c} (8%) Ifnow m=1,b=0, K =4, F; =sin2i, find the general solution.

(d) (10%) Show that if Fy = 0, and b 3 0, then limy—e, y{t) = 0. What is the implication for this case in terms
of physics?
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Figure 1: Spring-mass-dashpot mechanical system

4. (40%) According to physical principles, a one-dimensional sound wave described by the sound pressure p in an
infinite domain is governed by the wave equation:

&Fp_
¢

#p
az?
where ¢ is the sound speed. '

(a) (10%) Show that any function with argument © — ct or @ + ¢t is the solutions of the above PDE. What is the
significance of these functions?

(b) (15%) If the above PDE is subject to the following initial and boundary conditions:

; —a0 o
BCs p(0,£) =0, aI{I,t)—O

iCs  plz,0) =0, %?(:1:,‘ 0)==
determine the solution for p(z, t}.
fc) (15%) If the initial and boundary conditions are changed to:
, -t oy
BCs  p(0,t)=t, 7 (L) =0
10 ple0) =0, (5,0 =0

determine the solution for p(z, t).
5. (15%) Consider the following two functions:

. = filz,ze) = cosmy +cos(zy + x2)
ya = fa(z1,22) = sing + sin{z; + z2)

If smeall perturbation at , = m/4, &3 = 7/6 is made, so that the values of the functions varies by Ay; = Ayz = 0.01,
estimate the new values of =, and zg, (Hint: Ay =~ f'(z)Axz) '
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1. {20%; 4% each) Answer the following questions as precisely as poséible.

(a) What is Lagragian method of description? What is Eulerian method of description?
(b} Give the definitions of steady flow, uniform flow, incompressible flow, respectively.

{c) Give the definitions and state the physical significance of the following dimensionless numbers: Reynolds
number, Froude number, Weber number, Strouhal number. '

5L {d) State the Buckingham Pi theorem.
(e) What is a fully-developed flow? What is the Reynolds stress?

2. (20%; 10% each) Make necessary assumptions and derive the Bernoulli’s equations for (a) steady flow, (b} unsteady
flow. '

3. (15%) A small grain of sand, with diameter I} = 0.1 mm and specific gravity SG = 2.3, settles to the bottom of a
- lake after having been stirred up by a passing boat. Determine how fast it falls through the still water, assuming
the drag coefficient is Cp = 24/Re, where Re is the Reynolds number. (Dynamic viscosity of water is taken to be
5 1.12 x 10~3 N-sec/m?.) '

10 4. {(15%) The water level is controlled by a plane gate of uniform thickness as shown in Figure 1. The width of the
gate normal to the diagram is w = 10 ft. Determine the mass, M, needed to maintain the water level at depth
_H =4 ft or less, if the mass of the gate is negligible. Other related dimensions are: r = 2.5 fi, R = 7.5 ft.

5. (15%) A steady jet of water is employed to propel a small cart along a horizontal track as shown in Figure 2.
» Total resistance to motion of the cart assembly is given by Fp = kU?, where k = 0.92 N-sec?/m?. Evaluate the
acceleration of the cart at the instant when its speed is U = 10 m/sec. Related dimensions are: [) = 25 mum,
V = 30 m/sec, # = 30°, M =15 kg.

6. {15%) Consider the problem of air at standard condition flowing over a flat plate as shown in Figure 3. The plate
B is 1 m long and 0.5 m wide. The flow is uniform at leading edge of the plate. Assume that the velocity profile at
the trailing edge be is parabolic:

| f=2(2)- ()

where U = 3 m/s is the free stream, and § = 13 mm is the boundary-layer thickness at bc. Assume that the flow
is two-dimensional, and independent of z, compute the mass flow rate across surface ab, and also determine the
B magnitude and direction of the = component of force required to hold the plate stationary. (CV stands for Control
Volume.)
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1. A full-wave rectifier and an input voltage are shown in (Figure 1). The cut-in

- s A voltage of each diode is ¥,=0.6 V. (a) Sketch the output voltage versus time. (b)

- The average power dissipatedin R, istobe P, =100 mW. Determine the correct
value of R, .

R c® 2. For the circuit shown in (Figure 2), if £ =200 for each transistor, determine :
@ Iy (b)) Iy (o) Ver sand (d) V.

o 3. The transistor parameters for the circuit shown in (Figure 3) are # = 180 and
»P A

¥V, = <. (a) Find Ip and Ve, . (b) Calculate the small-signal voltage gain,

(c) Determine the input and output resistances R, and R

L > ,/ 4. For the op-amp circuit shown in (Figure 4), determine the gain A, =v,/v; .

+ Compare this result to the gain of the circuit shown in (Figure 5), assurning all resistor
values are equal.

+, 5. For the Widlar current source shown in (Figure 6), the parameters are :

| .

- A R =7kQ, Ry, =5kQ, and R, =2kQ. Assume Vig (on) = 0.7 V. Determine
Loges Iy, and. Iy,

6. The differential amplifier shown in (Figure 7) has a pair of pnp bipolars as input
. ‘/ devices and a pair of npn bipolars connected as an active load. The circuit bias is
-]

{; =0.2mA, and the transistor parameters are f=100 and ¥, =100 V.

(a) Determine [, such that the de currents in the diff-amp are balanced,

(b) Find the open-circuit differential-mode voitage gain. ‘

B {c} Determine the differential-mode voltage gain if a load resistance R L =250kQ) is
conngected to the output.
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