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Problem 1

As depicted in Fig. 1.1, a solid sphere of uniform density with radius a and mass M
rests on a horizontal floor. After impulse P is applied to the sphere at height h within
the plane of the paper and parallel to the floor, the sphere rolls without slipping along the
floor. Assume that the center of gravity of the sphere moves within the plane of the paper.
Ignore air resistance and rolling friction. Let the gravitational acceleration be g. Answer
all the following questions from I to I'V. -

L Express the moment of inertia around the center of gravity of the sphere, using a
and M.

II. Consider the movement of the sphere after impulse P is applied. Let the
translational velocity of the sphere be v and the angular velocity around the
center of gravity be wy.

1. Using the condition that the sphere does not slip along the floor, express the
relation between v and w,.

2. Express h in terms of a. Express v and wg, using what you need from
a, M,and P.

Figure 1.1
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II1.

Iv.

Consider that the sphere climbs up a smooth slope of height H, as depicted in
Fig. 1.2. Derive the condition on P that allows the sphere to climb up the smooth
slope. Assume that the sphere rolls without bouncing or slipping.

Consider that the sphere rolls towards a step of height H(< a), as depicted in Fig.
1.3. Upon impact with the edge of the step, the sphere rotates around point Q
without bouncing and climbs up the step.

1. Briefly explain the change in energy of the sphere when the sphere hits the
edge of the step and climbs up the step. '

2. Let w, be the angular velocity of the sphere around point Q immediately
after impact with the edge of the step. Express w,, using what you need
from a, M, P, and H.

3. Derive the condition on P that allows the sphere to climb up the step.
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Problem 2

Answer all the following questions from I to III. Assume that all the conductors are
lossless. Let the permittivity in vacuum be &, and the magnetic permeability in vacuum
be .

I. As shown in Fig. 2.1, infinitely long conducting wires A and B with circular cross
sections of radius a are placed parallel to each other in vacuum at a distance of d
between their centers. Static charges of +@ and —@Q per unit length are uniformly
distributed in conducting wires A and B, respectively, Define a point P that is the
‘distance x away from the center of conducting wire A to the center of conducting
wire B, as shown in Fig. 2.1. Assume a <x < d —a. Answer the following
questions.

1. Find the magnitude of the electric field E,(x) at point P generated by the
charge in conducting wire A.

2. Find the magnitude of the total electric field Erorar(x) at point P generated
by the charge in conducting wire A and the charge in conducting wire B.

3. Find the potential difference Vg between conducting wires A and B.

4. Find the capacitance per unit length € between conducting wires A and B.

5. Derive the magnitude of the force per unit length F acting between conducting
wires A and B.

Figure 2.1
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II. As shown in Fig. 2.2, let us consider the pair of conducting wires which is composed
of infinitely long conducting wires A and B with circular cross sections of radius a.
The conducting wires A and B are placed parallel to each other in vacuum at a distance
of d between their centers. The pair of conducting wires is connected each other at
infinity, forming a loop circuit. Constant currents I flow uniformly in the conducting
wires in opposite directions. Answer the following questions.

1. Find the self-inductance per unit length L, of the pair of conducting wires.
Ignore the magnetic flux inside the conducting wires.
2. Find the characteristic impedance Z, of the pair of conducting wires.

Figure 2.2
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II1. As shown in Fig. 2.3, let us consider the pair of conducting wires which is composed
of infinitely long conducting wires A and B with circular cross sections of radius a.
The conducting wires A and B are placed parallel to each other in vacuum at a distance
of d between their centers and located above a grounded infinitely wide conducting
flat plate at a height of h. The pair of conducting wires is connected each other at
infinity, forming a loop circuit. Constant currents I flow uniformly in the conducting
wires in opposite directions. Answer the following questions. .

1. Tllustrate the direction of the force acting on conducting wire A, and explain
the reason. '

2. Answer whether the self-inductance per unit length L, of the pair of
conducting wires shown in Fig. 2.3 is larger or smaller than L; in Question
II. 1. Explain the physics behind it, briefly.

T77777777777777 777777

Figure 2.3
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2025

The Graduate School Entrance Examination

Physics

13:00 — 15:00

GENERAL INSTRUCTIONS

1. 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.

3. 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.

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

6. 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.

10. 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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... are lossless. Ignore the magnetic flux inside the conducting

wires. ...




