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1. ABT equalsto -
(a) B-1A~t E
(b) & ATET
(c) BB
(d) BT—r

| 2. WhICh offollowmglswrong '
V(fA) el

(b) VE- A

(c) Vix A e
@V-@xx

- 3. Please find th(—j: Laplacé transform of cos(cot)

(a)

s2+w?

(c)

§2—¢p2

w

(d)

§2Z~ep2

polynomials: -

(a) Taylor Series

(b} Binominal formula
(c) Fourier Series |
(d) Laplace trénsform

4. Whatis the best approx1mat|on for a periodic functlon f( ), by trigonometrvic'
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1. (a) (10%) An ordinary differential equation M(x y)dx + N(x, y)dy = 0is not
exactI If, fortunately, it can be transformed to an exact ODE by multlplymg a
_ functlon F(x) please find F(x ) o
| (b) ( 0%) Is the ODE [cos(wx) + u) sm(wx}]dx + e"dy 0 exact?
V (c ) (10%) PIease solve the ODE |n (b) (Please note that y( )=1. )

2. Atwo dlmensronal membrane of Iengths a and b anngx
andy axes. Four edges ofthe membrane are flxed and ' y
not aIIowed to vrbrate If the membrane has a mltlal /

dlsplacementf(x y) and a zero veIOCIty at all pomts ‘

When the vrbratlon equatlon |s descrlbed by a partlal

1 dulx, yJ) / __
S
" wherecisa constant and u(x,y,t) is the dlsplacement of o

v

d|fferent|al equatlon (PDE)VZu(x ¥ z‘)

each point. ofthe membrane ' s : : |
(a) (10%) Please use the method of separation of varlables to decompose the

PDE into Ordmary Differential Equatlons (ODEs) ' ‘ !
(b) (10%) Please wrlte down all useful boundary and initial condrtlons ' S
(c) (10%) By usmg the boundary condltlons please find the solutlons of these

ODEs'->

3. (a) (10%) f(x) consists of how many. poles? What are they?

1
f(X) (x? 3X +2)x2+1)

(b) (1 O%) Please find the prmaple value of the integration of f(x)

f dx
PEV: | G2 = 3x+ )2 + 1)
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Note: Bold characters represent vectors

GEstmiE %)

(2) §B-ds=0.
(b) §B'ds =1 ppctosed -

(C) §B ‘ dS = luolenclosed d

do ;.
(d) §B ' dS = aUOIenclased + }1050 dt '

do,

2

do
(e) §B'ds ='1u0[enclosed + Hofo dt B (luO)z dtB

9. Gauss’s Law states that the net electric flux, §E

surface is proportional to the charge enclosed: §E

formula for magnetic fields is:

(a) §B -dA=0.
dA = “Pag
(b) §a dA .
dA= =
(©) §B dA -
I
(d) §B -dA = e
© §B -da=- E:%.

(RBFREOE) .

g m-EAEAERE(EETS) R ERF RELITEREA

1. The correct form of Ampere’s law for circuits with gaps in them is

-dA, through any closed

2 . The analogous
o

-dA =
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3.

In an electromagnetic wave, 1) how are the electric and magnetic field directions
related and 2) how is the direction of travel determined from their directions?

(c is the velocity of the light wave.)

@ ElB == ;izl.
(®) E|B; == ;:;.
(c) ELB; EC= |§§z—|-7
@ ELB; %= Iz:;ﬁ
(e E=B/c;E BxE

c= [B'xE|'

4.. Show the electric ﬁéld E(r,0,0) of an electric dipole P =pz at a position r

where is far away froin the dipole center

@) E=—2(72cos0+Hsin6) N
41t80r3 z
() E=—(#2cos0+0sin®)
 4me,r

() E=—F(Fcosb+625in0)
4me,r g

(@) E=—2(Pcosd+62sin6)
4rg,r ol x
X Fig. 2
(©) E=—L(7cos0+0sind) &

2
TE ¥

5.  The magnetic moment of an electron (charge = -¢; mass = m,) moving in a

circular orbit of radius » with speed v about a nucleus of mass my is

proportional to

(a) /.
(b) meor.
(c) evsr.
- (d) evr.
(e) myr.
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6.

. If the constant electric field in Fig. 5

Before the switch is closed in the figure 3, the potential across the capacitor is
200 V. At some instant after the switch is closed, the instantaneous current is
0.70 A. What is the energy in the capacitor at this instant?

@ 49m NG/

(b 31mJ H+ =

© 80m) ——4.0pF 8 0.20H
(d 013]

(e) 62mJ Fig. 3

A cylindrical capacitor of length L consists of

coaxial conducting surfaces of radii a and b (Fig. 4).
The dielectric material between the surfaces has a
relative permittivity &, =2+(4/r) fora<r < b.
(a) Determine the capacitance of this capacitor. (b)
Find the electrostatic energy stored in the dielectric
region. (Neglect the fringing of the electric field at
the edge.) (14%)

‘has a magnitude E,, calculate the total
electric flux through the paraboloid S.
(10%)

. Two ground, semi-infinite,

parallel-plate electrodes are separated A

by a distance b. A third electrode Y T
perpendicular to and insulated from V=V,

both is maintained at a constant X
potential ¥ (see Fig. 6). Determine the s “\V=“ SIS
potential distribution in the region Fig, 6

enclosed by the electrodes. (16%)
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1. (20%) At time t = 0 a particle in the potential ¥ (X)=mw*x*/2 is described by

the wave function
o(x,0)= A (1/V2) p,(x),

Where ¢,(x) are eigenstates of the energy with eigenvalues £, = (n+1/2)%w.
You are given that (¢,,04)=5,4.

(a) Find the normalization constant 4 .
(b) Write an expression for ¢(x,t) fort> 0.

(c) Find the expectation value of the energy at #=0.

2. (20%) An electron is confined in a three-dimensional infinite potential well. The
sides parallel to the x-, y-, and z-axes are of length L each.

(a) Write the Schrédinger equation.

(b) Write the time-independent wave function corresponding to the state of the lowest

possible energy.
(c) Write an expression for the number of states, N, having energy less than some

given E. Assume N>>1.

3. (20%) At the time t=0 the wave function for hydrogén atom is
. 1 -
@(r,0) = ﬁ(zﬂoo T Qoo T ‘/E(Pzn + ‘/5(021-1)

where the subscripts are values of the quantum numbers #, I, m. Ignore spin and
~ radiative transitions.
(a) Find the expectation value for the energy of this system.
(b) What is the probability of finding the system with /=1, m = +1 as a function of

time?

4. (20%) A certain state ‘gp) is an eigenstate of I* and flz:

Plg)=10+Dlg), Llg)=milp).

Find the <ﬁ> and <]2> values.

X

5. (20%) Ahydrogen atomisina 2B, state with total angular momentum up along

the z-axis. In all parts of this problem show your computations and reasoning
carefully.

(a) What is the probability of finding the electron with spin down?

(b) When applying a weak magnetic field along the positive z-axis. What is the
effective magnetic moment of the atom in this field?
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