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[ 1] | Electromagnetism

1. Consider a solid conducting sphere A with raw
B with inner radius b (Fig. 1). The center of
of A is fixed at a positive value and that of ‘
dielectric constant of vacuum is €p. 7 is the 1
system.

(1) Give the direction and the magnitude
electric potential V() at a point betwe
density on the surface of A is 0.

(2) Draw a graph of the magnitude of the
as a function of 7.

(3) Give o, when the electric potential of
field E(r) and the electric potential h
specific value of V1.

(4) Give the capacitance C for A and B.

(5) Show that the electric potential V(r)l
isfies Laplace’s equation. Since the sy
Laplacian in the spherical polar coorc

: 8 (.20
Vi = 32(°2)

9. Consider a cylindrical conductor placed on
is I. A current with a current density 7 =
sufficiently long and the effect of both end

vacuurmn is K.

(1) Give the magnitudes and the directio
conductor and the field Ho(r) outsid

the z axis.

Another conductor having the same diamet
the first one to make a circuit as shown in
magnetic field inside of the conductors andy|,

neglected.

(2) Give the magnetic flux @ through th
sisting of these conductors.

(3) Give the self inductance L of the cir
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[ 3] Semiconductor E

Consider the drift motion of electrons in a

of motion for the drift velocity v(t) at time ¢

dv(t) eF ()
dt m* T (2) |

Here, e and m* are the elementary charge an
is a constant. Let F' be a non-zero constant

1. Find v(t) for t > 0 by solving equatiy.
2. For large ¢, v(t) approaches an asym
3. Draw a graph of v(¢) for ¢ > 0. In th
4. Express the electron mobility u usin,

5. Give the relation between the electric

with an electron density of n.

6. Explain the physical meaning of the

Quantum mechanically, the wave nature §f

following relation between the wavenumber kffar
2

Here, A = h/(2m) with h being the Planck cgns

constant of wavenumber, respectively.

7. Give the relation between F and the

8. The particle-like motion described
the wavepacket of the electron. In
wavenumber k¢ is given by v = dt
frequency w and the wavenumber /
relation between the central wavenu:

graph of v as a function of kg.

9. Using the equation dkg/dt = G/h fo

elegctrons

id fhe eig

taflt and

external force GG, derive the first terr¥ <3;
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[ 5] Materials Science

1. Solve the following questions con

adsorption on a solid surface.
(1) Write down the rate equation fon

adsorption and desorption are k,

(2) Write down the equilibrium COT‘

(3) The table shows data for a gas ac|

surface at a constant temperature

equilibrium condition. Here, K i]

satisty the Langmuir isotherm.
which was defined in question (2,

the volume V(p) gives the valu
9 . Answer the following questions

(1) Give the standard cell potentialh
reaction is AGY, and the Faraday
(2) Give the logarithmic value of thy
a temperature of 300K. Here, ft
considered to be F =1 x 10°[C
(3) Explain the nature of the equilitJ

3 . Answer the following questions ¢

techniques.

(1) As shown in the figure, a diffri‘
wave length A is observed at t
which corresponds to the diffra
plane of a cubic crystal. Express
the unit cell using A and 6

(2) The C-H bond length of Sucrc
determined to be 0.110 nm by 1
was obtained in these techniquesll




