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. (15%) (a) If the roots of the characteristic equation corresponding to a 7th-order linear non-homogeneous

ordinary equation with constant coefficients are: 3, 3, 3, 22434, 2434, write down the solution corresponding
to the homogenecus equation. [5%] (b) If the equation has non-homogeneous term as 2¢3* + % cos 3z,
construct a functional form for the particular solution, if the method of undertermined coefficients is
employed. {10%)]

. {5%) If the homogeneous solutions corresponding to the non-homogeneous linear equation y” + ay(z)y’ +

ag(z)y = g(z) are y(z) and yo(z), find the formal particular solution.

. {15%) Solve the following initial-valued problem: y” + 3y’ + 2y = §{(t — 5) + uio(t), y(0) = 0, ¥'(0) = 1/2.
. (10%) Find the directiona! derivative of f (z) = 1/v/z7 + 2y% + 22 at the point P = (1,2, 4) in the direction

of the vectora=1i+j— k.

. (10%) Solve the following system of linear equations by the method of Gaussian elimination:

x—y+3z = 2
3z —-3y+2z = -1
z+y = 3

. (20%; 5% each) Locate and identify all points a.t which absolute maxima or minima are assumed by the

following functions:

(a) 2?3 +y**

(b) (2% +y* - 22 +2y+2)
(c) (=2 |
(d) (20 - 2y — 2® — y?)'/*

1/2

. (10%) Consider the partial differential equation: 12 (%%’f) + %‘? + k%¢p = 0, where ¢ is a function of r

and z, and k is a constant, If the solution of ¢ is represented by: (7, 2) = [5° ¥(2)Jo(gr)gdg, where Jj is
the zeroth-order Bessel function of the first kind, find the equation that 1(z) must satisfy.

. (15%) Solve the following partial differential equation:

Uy = U, 0T <25, t>0
u(0,8) = 20, ¢>0
u(25,8) = 40, >0
u(r,0) = 452z, 0<z <25
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1. (40%; 5% each) Define and ezplain the following terms:
{a) Lapgrangian flow description
{b) Euler number

(¢
{d

Streamline

Doppler effect
(e
(f
(g

{h

Buckingham Pi theorem

)

)

)

) Newtonian fluid (Give an expression in relation to shear stress.)

) Cavitation phenomenon (Explain in what situation cavitation may occur, and state its significance.)
)

Sound speed {Give definition in terms of pressure and density, and state its significance in relation
to compressibility of a fluid.)

NS

(10%) A smooih flat plate with length of 6 m and width of 4 m is placed in water with an upstream
velocity of 0.5 m/s. Determine the boundary layer thickness and the wall shear stress at the center and
the trailing edge of the plate. Assume a laminar boundary layer.

. (10%) A submarine moves through the seawater {specific gravity = 1.03) at a depth of 50 m with velocity
5.0 m/s. Determine the pressure at the stagnation point.

(%]

r'l*

10%) An open rectangular tank 1 m wide and 2 m long contains gasoline to a depth of 1 m. If the height
of the tank sides is 1.5 m, what is the maximum horizontal acceleration (along the long axis of the tank)
that can develop before the gasoline would begin to spill?

w

(10%) Assume that there is & distributive source generating ¢(z, v, z,t} amount of mass per unit time and
per unit volume in a general fluid-flow field, derive the differential equation that governs the conservation
of mass, in terms of fluid-density p and fluid velocity v = {u, v, w).

" 6. (20%) Consider a steady oscillation of a plane below an incompressible viscous fluid with kinematic viscosity
v. If the plane oscillates in the fz-direction with a harmonic motion UU(f) = Upcoswt, where U is a
constant and w is the angular frequency, and assume that the unsteady flow is one-dimensional u(y, t},
with ¥ pointing upward.

(a) Make necessary assumptions and set up the governing equation and boundary conditions of the
problem. [Use {luid properties such as v, p, g, etc. as needed] (10%)

(b} If steady oscillation is of interest, find the velocity distribution u(y, ) of the fluid fow. (10%)
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Figure 1 shows an op amp connected in the inverting configuration. The op amp has an
open-loop gain x = 104 a differential input resistance Ry = 100k}, and an output
resistance 7,= 1k}. Use the feedback method to find (a) the voltage gain ¥,/V,, (b) th

input resistance R;,, and {c) the output resistance R,,,. 20% :
R, =1k}
AW * '
= - —0 ¥,
v ]
- l A M i iy
Ri!l Rmu

Figure 1. _ '

(a) Using a simple (r~ and g,,) model for each of the two transistors Q¢ and Q9 in Figure
2.a, find the small-signal resistance between 4 and 4 " Where Iy = 165 ud and I = 16
pA. 10% ‘ :

(b) Figure 2.b shows the circuit for determine the 741 op-amp output resistance when v, is
positive and Q,, is conducting most of the current. Using the resistance of the Q5 and O,
- network calculated.in 2.(a) and neglecting the large output resistance of Q;34, find R, when
'Q141s sourcing an output current of 5mA. 10%

o

Framma N

Figure 2.a ' Figure 2.b
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3. For the circuit shown in Figure 3, (a) break the feedback loop at X and find the loop gain
B4, then (b) find the frequency of oscillation f; and (c) the minimum required value of Ry
for oscillations to start in the circuit. 20%

— iy

_ , Figure 3.

4. In Figure 4 an inverter fabricated in a 0.12um CMOS technology uses the minimum
possible channel lengths (i.e. L, = L, = 120nm). (a) If W, = 180nm, find the value of W,
that would result in Qyand Op being matched. (b) For this technology, k°, = 160pA/V? and
k', = S4pASV? with the supply voltage Vpp = 1.5 V and the threshold voltage V,, = 0.5V.
Calculate the value of the output resistance of the inverter when Vo = Vor (“Low” level at
the output). 20% !

Voo

Figure 4. _ Figure §.

5. Consider the source-follower circuit shown in Figure 5. The most negative output signal
voltage occurs when the transistor just cuts off, Show that (a) this output voltage v,(min)
and (b) the corresponding input voltage vifmin) with respect to Ipg, g, Rs and Ry
20% :




