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Physics 2 (Electromagnetism)

Answer all Questions I, IT, IIT, IV, and V.

As shown in Fig. 2.1, two concentric cylindrical homogeneous conductors A and B
with the length L and negligible thickness are located in vacuum. Let radii of the
conductors A and B be a and b (a < b), respectively. Assume that the length L is
long enough (L > a, b). Let a dielectric constant of vacuum be &;.

Central axis

Conductor B
Conductor A

gy U (R

P e e DL LR LR

LR,

Figure 2.1

I. Direct electric currents with magnitude [ flow upward and downward in the
conductors A and B, respectively along the central axis direction. Derive the
magnitude and direction of the magnetic field at the point with distance r from the

central axis of the conductors.

II. Assume that the conductors A and B are uncharged and ungrounded at the initial
state. Secondly, electric charge @, (@1 > 0) is given to the conductor A. Thirdly,
the conductor B is grounded. For each case of before and after the conductor B is
grounded, derive the magnitude of the electric field E at the point with distance »
from the central axis, respectively. Additionally, draw the graphs of E versus r,

respectively.

Continued on a later page.
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III. The region between the conductors A and B is completely filled with a material with
a dielectric constant £(g > &) and an electrical conductivity ¢. Assume that the
conductor A is ungrounded and the conductor B is grounded.

1. Derive the electrical resistance between the conductors A and B.
2. Atthetime t = 0, acharge Q,(Q, > 0) is given to the conductor A. Explain
how a charge in the conductor A changes with time ¢t by drawing a graph of its

time variation,

Continued on a later page.
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IV. As shown in Fig. 2.2 (a view of the conductors from the direction of their central
axis), the space between the conductors A and B is filled with a medium 1 (dielectric
constant: &;, electrical conductivity: ;) for the inner region and a medium 2
(dielectric constant: &, electrical conductivity: g;) for the outer region. The regions
have a coaxial cylindrical interface with a radius x(a < x < b). Then, a voltage is
applied between the conductors A and B. After sufficient time passes, let I{I > 0) be
the magnitude of a steady current that flows between the conductors A and B. Derive
the surface charge density accumulated at the interface of the media 1 and 2.

Figure 2.2

*
)

V. Consider the case where the electrical resistivities of the media 1 and 2 are high

enough that they can be regarded as insulators. Electric charges +Q3; and —Q5
(@3 > 0) are given to the conductors A and B, respectively.

1. Derive the electrostatic energy of this system.

2. Derive the magnitude of the force per unit area at the cylindrical interface of
the media. Assume g; > &,.
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2022

The Graduate School Entrance Examination

Physics 2

Electromagnetism

Answer Time 60 minutes

GENERAL INSTRUCTIONS

Do not open the problem booklet until the start of the examination is announced. '
Notify your proctor if you find any printing or production errors.

The problems are described in Japanese on pages 2-4 and in English on pages 8-10.
Answer a}] questions.

1 answer sheet is given. You may use the reverse side if necessary.

Do not write anything in the box at the upper left of the answer sheet.

Fill in your examinee number in the designated place at the top of the answer sheet.

Answers must be written in Japanese or English.

R A A T A o

You may use the blank pages of the problem booklet for drafts without detaching them.

.
=

Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid.

. You may not take the booklet or answer sheet with you after the examination.

fa—ry
.

Examinee Number | No.

Write your examinee number in the space provided above.
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