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Problem 1

As shown in Fig. 1.1, a uniformly dense disk of radius R and mass M is
put on a 30 degree angle slope. The thickness of the disk is negligible. This
disk is attached to a thread at point P on the circumferential sidewall. The
other end of this thread is connected to a spring with a spring constant X and
this spring is fixed at a distance 2R from the slope. The spring does not
contact with the disk. The disk moves in-plane and the trajectory of the disk
center is maintained parallel to the slope. Air resistance and the masses of the
thread and the spring are ignored. The gravitational acceleration is denoted by
g.

The x-axis is defined parallel to the slope downward and x is the position
of the disk center. As shown in Fig. 1.1, the original x position (x = 0) is
defined when the spring is at its natural length, the thread is not rolled on the
disk, and the line crossing the point P and the disk center is perpendicular to
the slope. As indicated in Fig. 1.2, the disk does not slip on the slope and
rotates while winding up the thread. In this figure, the disk at the original
position (x = 0) is indicated with dashed line.

Answer all the following questions from I to IV.

p .‘\Q\\\, 5\\\\
30° NN e

Figure 1.1
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[. Derive the moment of inertia [ of the disk.

11. From the original position (x = 0), the disk is put down on the slope quasi-
statically while it is rotated as shown in Fig. 1.2. Determine the x-

coordinate xy when the disk reaches the equilibrium position.

I1I. The disk is set back to the original position (x = 0) and gently released

(% = 0) at t = 0. Answer the following questions.

1. Determine the differential equation expressing the disk center position
x as a function of time ¢.

2. Solve the differential equation in the previous question and draw a

graph of the disk center position x as a function of time ¢.

3. The static friction coefficient between the slope surface and the disk
is denoted by u. Determine the condition that the parameter p must
satisfy in order to keep the non-slippage movement between the slope
and the disk.

Figure 1.2
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IV. Before starting the movement as indicated in Question 1II, an obstacie is
attached on the slope. This obstacle contacts with the disk at the equilibrium
position (x = x,) as shown in Fig. 1.3. The contact is with the pointed tip
of the obstacle at a distance h from the slope. No slippage happens between
the disk and the obstacle and the angular momentum is conserved during
the contact.

Now the disk is gently released (% = 0) at the original position (x = 0)
as in Question III. Determine the condition that A must satisfy for the disk
to detach from the slope after the contact with the obstacle.

— 14 — OM2(597—45)
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Problem 2
Answer both questions I and II.

[. Assume that charges are distributed in a vacuum as shown in Fig. 2.1 and
Fig. 2.2. In Fig. 2.1, the charges are uniformly distributed with a charge
density p (p > 0) in a sphere of radius a. The distance from the center is
denoted by r. Let the electric potential V = 0 at the center. In Fig. 2.2, the
charges are uniformly distributed with a charge density p (p > 0} in the
region —a<x<a, —o <y<oo,and —oo <z < oo inthe xyz orthogonal
coordinate system. Let the electric potential V=0 at x=0. The

permittivity in vacuum is denoted by &,. Answer the following questions.

1. Find the formula and draw the graph of the potential V as a function
of r in the case of Fig. 2.1.

2. Find the formula and draw the graph of the potential V as a function
of x in the case of Fig. 2.2.

Next, consider a point charge P with a mass m and a charge —g (g > 0)
is put without initial velocity in Fig. 2.1 and Fig. 2.2. Assume that the
presence and the motion of the point charge P do not affect the existing
charge distributions. Answer the following questions.

3. Assume that the point charge P is put at a certain position 7 in
0 <r <a in Fig. 2.1. Find the equation of motion of the point charge
P. Solve the equation and describe the motion of the point charge P.

4. Assume that a point charge P is put at a certain position x, in
—a<x<a (x+#0)inFig. 2.2. Find the equation of motion of the point
charge P. Solve the equation and describe the motion of the point
charge P.

— 16 — OM2(597—47)



v
=

Figure 2.1

Figure 2.2

— 17 — M2 (597—48)



IL.

As shown in Fig. 2.3, a dielectric 1 with permittivity &, and a dielectric 2 with
permittivity &, are contacted on the xy plane including the origin O in the xyz
orthogonal coordinate system. The dielectric 1 exists in the region z <0
(Region 1), and the dielectric 2 exists in the region z > 0 (Region II). A point
charge with the charge g is placed at the point P (0,0,a) (a > Q). The
permittivity in vacuum is denoted by &;. First, the method of image charges will
be used to obtain the electrostatic fields in Fig. 2.3. Let the electric potential be
zero at infinity. Answer the following questions.
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. As shown in Fig. 2.4, assume that the dielectric | occupies the entire space and
that a point charge with the charge g’ is placed at the point P (0,0, a). Find
the electric potential ¢, (x,y,z) at the point (x,y,z) inFig. 2.4.

. As shown in Fig. 2.5, assume that the dielectric 2 occupies the entire space and
that a point charge with the charge " is placed at the point Q (0,0,—a) in
addition to the point charge with the charge g at the point P (0,0, a). Find
the electric potential ¢,(x,y,z) atthe point (x,y,z) inFig. 2.5.

. Assume that the electric potentials in Regions I and II in Fig. 2.3 are given by
¢,(x,y,2) and ¢,(x,vy,z), respectively, obtained in the previous questions.
Using £;,&, and q, express q' and " defined in Questions IL.1 and I1.2 so
that the boundary conditions at the interface between Regions I and II are
satisfied.

. Find the magnitude of the force on the point charge with the charge g as
shown in Fig. 2.3.

Consider the force obtained in Question I1.4. Assuming &, < &, find the
direction of the force on the point charge with the charge g at the point

P (0,0, a).

. Find the surface charge density of the polarized charge o(x,y) atthe interface
of Regions I and 1l in Fig. 2.3.

Find the total polarized charge X at the interface in Fig. 2.3.

— 19 — OM2(557—50)
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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 2-9 and in English on pages 12-19.

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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