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Problem 1

Mass point A, with a mass of m, and mass point B, with a mass of 2m, are
connected by a string of length [. As shown in Fig. 1.1, mass point A is placed
on a smooth table with an inclination angle of 30°, and mass point B hangs
down vertically from the edge of the table. The length of the string on the table
is a (0 <a <1l). Take the x-axis in the horizontal direction, the y-axis in the
vertical direction, and the origin O at the end of the table. From the stationary
state, mass points A and B start falling down. Friction, the string mass, the
string thickness and the string elongation are negligible, and the string does

not sag. Let the acceleration of gravity be g. Answer the following questions.

I. Find the tension T of the string while mass point A slides down the table.

I1. Find the velocity vectors of mass points A and B when mass point A reaches
the end of the table.

III. Let time t =0 be the moment when mass point A falls off the edge of the
table. At t > 0, mass points A and B fall down while rotating around the
center of gravity of the two mass points.

1. Find the angular velocity w of the rotational motion.

2. Find the coordinates of mass point A at time t.

3. Let b be the x-coordinate of mass point A when mass points A and B
rotate 90° around their center of gravity from the state at time t = 0.

Express b using L.

Mass point A
m

Figure 1.1
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Problem 2

Answer the following questions from I to III. Let the permittivity in vacuum be ¢, and

the magnetic permeability in vacuum be p.

I. As shown in Fig. 2.1, the origin O is in vacuum, and a pair of point charges with
charges +q and —q are at the positions (0,0,d/2) and (0,0, —d/2), respectively.
The vector d = (0,0,d) points from the point charge of —q to the point charge of
+q. Let 7 be the position vector of an arbitrary point other than the position of the

point charges.

1. Find the electrostatic potential at the terminal point of the position vector 7,
setting the reference of potential to be at infinity.

2. An electric dipole consists of a pair of positive and negative point charges close
to each other. Assuming |c_l) | /|7] < 1, show that equation (1) gives the

electrostatic potential of the electric dipole,

L BE
U = —
) 41ey|7|3 1

where p = qci is the electric dipole moment. If necessary, you may use

equation (2) based on the law of cosines, where 6 is the angle between a and
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Figure 2.1



II. As shown in Fig. 2.2, there is a conductive spherical shell of radius R, whose
thickness is negligible, with its center positioned at the origin O. The inside and
outside of the spherical shell are under vacuum. A uniform static electric field is
externally applied to the spherical shell, and the electric field far away from the
spherical shell is EO = (0,0, Ey,). This induces a charge distribution on the spherical
shell. The charges on the spherical shell generate an electric field outside of the
spherical shell, which can be equivalently expressed by an electric dipole positioned
at the origin.

1. Find the electrostatic potential at the terminal point of the position vector 7
outside of the spherical shell. Consider effects from both the electric field EO
and the charges on the spherical shell. You may arbitrarily set a reference for the
electrostatic potential.

2. Let the position vector of an arbitrary point on the spherical shell be § (|§]| =

R). Find the charge per unit area, o(§), on the spherical shell.
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Figure 2.2



III. As shown in Fig. 2.3, let there be a single-turn circular coil of radius p in vacuum,
with an electric current I flowing in the coil. The coil lies in the xy plane, with its
center positioned at the origin O. Let the position vector of an arbitrary point on the
coil be 1, with an angle ¢ between 1 and the x-axis. A small tangential vector du
is located on the coil, which indicates the direction of the current. Equation (3) gives
a magnetic vector potential at the terminal point of the position vector 7 generated

from the current.

Uol du

A(P) = yrs dr 3)

A magnetic dipole is a magnetic field source which is modeled by a small circular coil.
Assuming |u|/|7] < 1, consider the coil in Fig. 2.3 as a magnetic dipole. The
magnetic dipole moment is defined as m = 1, SI E, where S = mp? is the area of the
coil, and k is a unit vector oriented to +z. Find an expression for the magnetic

vector potential of the magnetic dipole A(#) using 7 and 7.

Figure 2.3
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The Graduate School Entrance Examination

Physics

13:00 — 15:00

GENERAL INSTRUCTIONS

10.

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.

Answers must be written in Japanese or English. The problems are described in Japanese
on pages 2-6 and in English on pages 14-18.

Answer all problems.

Two answer sheets are given. Use one answer sheet for each Problem (1 and 2). You may
use the reverse side if necessary.

Write the problem number (1 or 2) that you answer in the upper left box of the answer
sheet.

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

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.

Do not take the answer sheets or the booklet with you after the examination.

Examinee Number | No.

Write your examinee number in the space provided above.
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