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1. Aforceis descrlbed by
F- mly/(x ) + i .
(a) Express F in circular cylindrical coordinates. (5)
(b Is F a conservative force? why? (5)
(¢) Calculate the work done by F in encircling the unit circle once
counterclockwise. (5)
** gperating entirely in circular cylindrical coordinates for (b) and (c)

2. Consider a matrix A

1 0 0

A= 0 0 1

0 1 0
(a) Is A a Hermitian matrix? why? 3)
(b) Find its eigenvalues A1, A 2, A3 for matrix A. (9)

(c) Find the orthonormal eigenvectors corresponding to the eigenvalues in (b).(9)
(d) Construct a transformation matrix R such that

A, 0 0
R'AR=[ 0 X O is a diagonal matrix. (4)
0 0 A 7 - '

3. (a) Given y =x is a solution of
+ DNyL2xy+2y=0, wherey'= dydx,
find a linear independent solution by reducing the order. - (10)
(b) Find the general solution of y% y =x sinx. (10)

4, Evaluate the following intergrations

- dﬂ}' b o Pl
(a) .J,; “fcé_'_l‘ ( ) JA_m1+exdx’ 0<a<1_
5. (a) Expand f(x) = { 0 -~ <x<0 in a Fourier series. (15)
= \ Sinx O<x<y

(b) Using (a) to evaluate

e et Rt TSN (5)
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LA fucite sheet (& =32) is introduced perpendicularly in a uniform
electric field £, =35, in [ree space. Determine the electric field

intensity f% the eléctric displacement D, and the polar1zat1on }3
inside the lucite. {10%)

2.Consider a very long coaxial cable. The inner conductor has a
radius a and is maintained at a potential V¥, . The outer conducter
has an inner radius b and is grounded. Determine the potential
distribution in the space between the conductors. (13%)

3.An uncharged conducting sphere of radius b is placed in an
initially uniform electric field £, =%45,. Determine (a) the
potential distribution V(R, &), and (b) the electric field intcnsity
E(R,#) after the introduction of the sphere. (20%)

(Hinkl, Tha. Leperdne. foligromnds Rfims) - f(Gowe)=], p(myzma)
4.Determine the magnetic flux density on the axis of a uniformiy
magnetized circular cylinder of a magnetic material. The cylinder has
a radius b, length L, and axial magﬁegizaiioh M=3 M, (15%) i
.5.Two magnetic media‘with permeabilities & andg, have a common
boundary, as shown in Fig.l. The magnetic field intensity in medium 1
at the point £ has a magnitude #, and makes an anglea, with the
pormel. Determine the magnitude and the direction of the magnetic
field intensity at the point£ in the medium 2. (10%)

6.An alternat1ng emf has a voltage amplitude of 100 V and frequency
of 60 cycle/s. It is connected in series with a resistor of 1 Q,a
seif-inductor of 0.003 H and a capacitor of 0.002 F. Determine (a)
the amplitude and phase of the current and (b)the potential '
difference across the resistor, the capacitor and the inductor. (¢)
Make a phasor diagram. {(15%)

7.Assume that N turns of wire aze wound around a toroidal core of a
ferromagnetic material with permeabilityu . The core has a mean

radius 5, a circuiar cross section of radius a{a<<f). and a narrow
air gap of length-Z, as shown in Fig.2. A steady current/, flows
in the wire. Determine (a) the magnetic flux:density E% in thé
ferromagnetic core; (b) the magnetic fieid intensity ]?, in the core;
and (¢) the magnetic field intensity A, in the air gap. (15%)

’ ---b.. Lenkng:
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1. An x-ray photon of 0.0500nm wavelength strikes a free, stationary clectron.
A photon scatters at 90°. Determine the momenta of the incident photon, the
scattered photon, and the electron. (15%)

2. For a particle in the ground state of an infinite one-dimensional well, find (a)
Ax, (b)AP, and (c)check your result with the uncertainty principle.(20%)

3. For a simple harmonic oscillator of spring constant k and mass m, one

solution of the Schrodinger equation is of the form ox) = Ae__axz ,a
gaussian centered at the origin. Determine fully the wave function and

®_2ax? T
energy in this state. ( [; e dx = \/ > J(15%)

4. The electron of hydrogen atom is the 2P state. (20%)
Ra)= (o) e ™
( 21 ‘/gao )

Find (a) the most probable value of .
(b) the probability of being found inside the Bohr radius.

#

5. The fine structure splitting of the 2P, and 2P1/2 Jevels in hydrogen is
4.5%10° 5eV. From this, estimate the magnetic field that the 2p electron in
hydrogen experiences. Assume B is parallel to the z axis. (1 0%)

6. The first excited state E; of the hydrogen atom is 10.2eV above the ground
state E;. What is the ratio of the number of atoms in the first excited state to
the number in the ground state at T=5800K? (10%)

7. The energy difference AE between the £=0 and £ =1 rotational levels in
the CO molecule is found experimentally from measurement of the
wavelength A = 2.6nm of the corresponding transition. For CO, AE is equal
to 4.77x10eV. Find the equilibrium separation, or bond length T, -of the

CQO molecule. (10%)






