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1. Find the eigenvalues and eigenvectors of matrix
(15%)

2. Find the shortest distance from the origin to the plane x-2y-2z=3. (10%)
3. Find the directional derivative of ¢=x*y+xz at (1,2,-1) in the direction

A=21-2]+k (10%)

u

d*x(t)
dt*

dx{t
4. Please solve the equation: +2K —dlt)_ + g x(t) = Geos(at)

Here K, w, ,G and w are constants (15%)

5. Given u(x,y) = 2x>-y?, can you find a real —valued function v(x,y) such that f(z)
=u(x,y) + iv(x,y), where z = x + iy, is analytic on C? (If yes, find v(x,y); if no,
disprove it !) (10%)

6. Express all values of the following complex numbers in the form, a+bi, where
a,b are real. (10%)

(a) 2i)* (b) (1+)™
0z oz

7. Please find the general solution of the P.D.E. Y& + xa =z—1 (10%)

8. Please find the solution (10%)
PDE. u,=ku, O<x</{,t>0
I.C u(x,0) = f(x)
B.C. u(0,t)=u({,t)=0

9. Please use the Forurier integral transforms to solve the given boundary-value
problem. Make assumptions about bounded ness where necessary. (10%)

o'u  Ou
2 = —o<x<o0, >0
ox* Ot

u(x,0) = e_lxl, —00 < X <00
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1.

Please explain the electron concentration and conductivity versus inverse
temperature for silicon. (20%)

(a) Please shows the depletion layer capacitance of ai PN junction. (15%)
(b) Please plot that the inverse capacitance squared is a function of applied
reversed-biased voltage. (15%)

A silicon pn _]unctlon dlode blased at ¥;=0.6 Vand =300 K has the
followmg parameters
=1x 10" em™, N, =8 x 10" cm™, D, =25 cm2/s, D, =10 cm’/s,
‘cno =1x105g, Tpo =1 % 1077 5. The cross-sectional area is 107 ¢,
(a) Calculate the total number of excess electrons in the p region. (10%)

(b) Calculate the minority electron diffusion current at the space charge
edge. (10%)

Consider a bipolar junction transistor:

(a) Explain the definition of the base transport factor and the base transit
time. (10%)

(b) Derive the formulation of the base transit time. (10%)

Consider an n-channel MOSFET with W= 10 um, L = 2 pm, and C,, = 7 x
107® F/em®, Assume that the drain current in the nonsaturation region for
VDS“_‘ 0.10Vis ID =40 uAat VGS= 15V andID =80 I.LA at VGS': 2.5V.

" Determine the inversion carrier mobility. 7= 300 K. (10%)

Constants

Boltzmann’s constant: k=1.38 x 1075 /K = 8.62 x 10~ eV/K

Intrinsic carrier concentration far silicon:. 1.5 x 10 em™
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1. Consider a metallic rectangular box with sides a and b and height c. The
side walls and the bottom surface are grounded. The top surface is
isolated and kept at a constant potential Vy. Determine the potential
distribution inside the box. (20%)

2. Determine the mutual inductance between a very long, straight wire and a
conducting circular loop, as shown in Fig. 1. (15%)

—d—3l

Fig.1.

3. For a harmonic uniform plane wave propagating in a simple medium, both
Eand H vary in accordance with the factor exp(~ik - R)as the indicated
in E=E, exp(—ik - R). Show that the four Maxwell’s equations for
uniform plane wave in a source-free region reduce to the following:

kxE=ouf, kxH=—-0eE, k-E=0, k-H=0 (15%)

4. Please state divergence theorem (5% ) » and verify it by the vector field
F=a, (cos’(qa)) A ; existing in the region between two spherical shells
definedbyR=2and R=3 (10%) .

5. Find the resistance between two concentric spherical surfaces of radii R,
and R, (Ry < Ry) if the space between the surfaces is filled with a
homogeneous and isotropic material having a conductivity o (20%).

6. (a) The polarization vector in a dielectric sphere of radius Ryis P=a_P,.
Calculate the equivalent polarization surface and volume charge
density, respectively (10%).

(b) Calculate the electric field E inside the sphere (5%).




