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1. Write down the curl theorem and divergence theorem in the integration form. (10
points)

2. Write down the Maxwell equations in vacuum in the differential form. (10 points)

3. Derive the speed of an electromagnetic wave from the Maxwell equations. (20
points)

4. Calculate the electric field induced by a dipole, 2, in a spherical coordinate.
(20 points)

5. The total charge ¢ is uniformly distributed on the surface a spherical shell with
a radius of X Please calculate the potential at the point of 2/ away from the
spherical shell center. The reference potential is at the infinite. (10 points)

6. Please use the Biot-Savart law to calculate the magnetic field at a distance s
from a long straight wire which carries a steady current /. (20 points)

7. Find the magnetic field at a distance z above the center of a circular loop of
radius £ which carries a steady current /. (10 points)
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1.(a) Does a blackbody always appear black ? Explain the term blackbody ?
(b) Explain the general characteristics of the spectrum of a blackbody. That is, what does the blackbody
spectrum depend on ?

2. A stick with length of 100 cm moving in a direction parallel to its length appears to be only 75 cm
long to an observer. What is the speed of the meter stick relative to the observer ?

3. In a photoelectric experiment in which monochromatic light and a sodium photocathode are used, we
find a stopping potential of 1.85 V for A = 3000 A and 0.82 V for A = 4000 A.
From these data determine
(a) a value for Planck's constant / in unit of Joule.sec
(b) the work function of sodium in electron volts
Hint (1) : 1 Joule = 6.242x10'8 eV
(2) : The kinetic energy of the photoelection can be expressed as K = hc/A - wo, where c is the
speed of light (c = 3x10® m/s) and wy is the work function of sodium.

4. The wave function of a free particle in the first excited state moving in the region —a/2 <x <-+a/2 is
A sinZze—iBt/h - _q/2 <z <af2,

U(z,t) = o
0, t < —a/2 or x> a2

Determine the value of the total energy E of the particle in the first excited state by using the time-
independent Schrodinger equation.

5. A particle moving with kinetic energy equal to its rest energy has a de Broglie wavelength of
1.7898x10°6 A. If the kinetic energy doubles, what is the new de Broglie wavelength 7
Hint : For a relativistic particle, the energy E of the particle can be expressed as
E? = p?c? + m?c* = (mc? + K)?, where p and K are the momentum and the kinetic energy of the
particle, respectively. The de Broglie wavelength is defined as A = h/p, where h is the Planck
constant & = 6.626x10-34 m*kg / s
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6. Suppose that a particle is initially moving in the region x < 0 where the potential energy V(x) = 0, and
traveling in the direction of increasing x towards the point x = 0 where
the potential steps up to the value V(x) = Vo inthe region x > 0. The total energy of the particle E is

greater than V.
(a) Solve the time-independent Schrodinger equation and give the general solution of the wave function

(including the time dependent component)
(b) Show that the reflection coefficient R can be expressed in the following form

o (1 — /1 —%/E)2

14+ +/1—W/E

Note that the definition of R is R = B*B/4*4, where 4 and B are the amplitudes of the forward
propagating and reversely propagating wave functions at the region x <0.




