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Problem 1

Consider a simple pendulum consisting of a weight of mass m , whose size is
negligible, attached to the bottom end of a rigid rod of length /, whose mass and
thickness are negligible. Take the x-axis horizontally and the y-axis vertically downward.
The top end of the rigid rod is attached to a hinge, and the simple pendulum can rotate

freely in the xy-plane using the hinge as a frictionless fulcrum. Let the angle between the

2
rigid rod and the y-axis be &, and denote the time as ¢. Define f= % and 6 = Z—-z—

The gravitational acceleration is denoted by g. Assume air resistance to be negligible.

I. As shown in Fig. 1.1, the hinge is fixed to the origin O.

1. From the equations of motion of the weight in the x- and y-directions, derive the
differential equation satisfied by &.

2. Assuming that @ always satisfies |@|<<1, neglect the second order and
-higher order terms of @. Then, sinf~¢ and cosf@~1. The weight is
initially at rest at (x,y)=(0,{) and then launched at time ¢=0 with the
initial speed u, in the positive direction of the x-axis. Determine & at time ¢
(=0).

Figure 1.1
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II. As shown in Fig. 1.2, the hinge is fixed to the tip of a spring that can only extend and

contract in the horizontal direction. The spring constant is k., and the masses of the

spring and hinge are negligible. Let & be the x coordinate of the hinge, and 6 =0
‘when the spring is at its natural length. Assume that & always satisfies |8 [<<1.

I
g

order and higher order terms of the dimensionless quantities &, \/Zé, and ié" , as
g

Then, <<1 and |[~d|<<1 are also satisfied, and we can neglect the second

g

g
well as the second order and higher order terms of their combinations.

1. From the equation of motion of the weight in the y-direction, determine the
tension in the rigid rod.

2. Assuming that the forces acting on the hinge in the x-direction are balanced,
derive the equation that holds between & and 4.

3. In the case of Question I1.2; derive the differential equation satisfied by & from
the equation of motion of the weight in the x-direction.

4, Initially, the hinge is at rest at the origin O, and the weight is at rest at
{x,»)=(0, ). At time ¢=0, the weight is launched with the initial speed u,
in the positive direction of the x-axis. Determine ¢ attime ¢ (20).

Wall

y m

Figure 1.2
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ITI. As shown in Fig. 1.3, from ¢ =0, the hinge is forced to move horizontally with the
displacement & = Asin(w¢) with respect to the origin O. 4 and @ are real

constants, and @ # J%' .For ¢ <0, the hinge and the weight were at rest at the origin

O and (x,y)=(0, ]), respectively. Assuming that the approximation in Question 1.2

is valid, determine & attime ¢ (= 0).

—— g o= [ 'l

Figure 1.3
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Problem 2

Answer both Questions I and II.

I. As shown in Fig. 2.1, consider the cylindrical region with a radius of @ and an infinite

length in vacuum. In this cylindrical region, electric charges are uniformly distributed
with a volume charge density of o (> 0). The electric permittivity of the vacuum is
g

1. Derive the magnitude and direction of the electric field vector E(r) at the
distance » from the central axis of the cylindrical region for both the inside and
outside of the cylindrical region.

2. Next, the cylindrical region is surrounded by a concentric metallic hollow
cylinder with infinite length, whose inner and outer radii are 2a and 3aq,
respectively. Fig. 2.2 shows the cross section perpendicular to the central axis
of the cylindrical region in this case. The metallic hollow cylinder does not
affect the charge distribution in the cylindrical region. The metallic hollow
cylinder remains electrically neutral as a whole. Derive the areal charge density

- o/ induced on the inner surface of the metallic hollow cylinder.

3. In the case of Question 1.2, determine the magnitude of the electric field vector
at the distance 5« from the central axis.

4. Let the electric potentials at the distance 5a from the central axis be ¥ and 7>
in the cases of Questions 1.1 and 1.2, respectively. Derive A V=V; — V2. Here,

assume that the electric potential on the central axis is zero.

Central axis
|

S

} ~ =

Figure 2.1 Figure 2.2
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II. As shown in Fig. 2.3, consider the case where a plane electromagnetic wave with the

wave vector k, (| %, |= k,) propagating in vacuum (electric permittivity of ¢, and

magnetic permeability of 4,) along the z-axis with speed ¢, is incident normally

on a uniform insulating medium with electric permittivity 4, and magnetic

permeability . The interface between vacuum and the insulating medium lies in

the xy-plane that includes the origin O, and the region z=>0 is filled with the

insulating medium.

Vacuum
&0,y Ho
Reflecte
& E, wave
o \
H, Incident
wave
/ O
Figure 2.3

Let the electric field vector of the incident wave at time ¢ be
E, = (E, cos[k,(z —¢,0)], 0, 0), where E, is areal constant. Let the magnetic field

vector of the incident wave be H|,.

1. Using Maxwell’s equations, show that H = [0,

o cos [k, (z ¢, )], oJ .
C

2. By applying Maxwell’s equations to E, and H,, show that the relation

1

v oty

holds.

CD=

<OM2(299-—49)



Let E;, H;, k;,and c; be the electric field vector, magnetic field vector, wave

vector, and speed of the electromagnetic wave transmitted through the interface,
respectively. Let E;, Hg, k,,and ¢, be the electric field vector, magnetic field

vector, wave vector, and speed of the electromagnetic wave reflected by the interface,
1

—_— -l ¢, - Use the continuity
N A€oty 2

of the tangential component of the electric field vector E and the continuity of the

respectively. Here, k, =—k,, ¢y =¢,,and ¢; =

tangential component of the magnetic field vector H at the interface to answer the
foliowing Questions I1.3 and 11.4.

3. Express k; intermsof k.
4. Obtain E., E;, H,,and H,.

Let §,, S;, an‘d §; be the Poynting vectors of the incident, transmitted, and
reflected waves, respectively. The Poynting vector § is definedby S=ExH.

5. Obtain §,, S;,and S;.

6. _Ob}ain the transmission coefficient 7 and reflection coefficient R of the incident

wave. I'and R are given by T =18 e and R = mf#, respectively. Here,
0 lave 0 lave
[ A],. 1sthetime average of the magnitude of a vector 4.
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2023

The Graduate School Entrance Examination

Physics

13:00 — 15:00

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 2-9 and in English on pages 12-19,

Answer all problems.

A O A

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 on the answer sheet in the upper left
box.
Fill in your examinee number in the designated place at the top of each answer sheet.
Answers must be written in Japanese or English.
You may use the blank pages of the problem booklet for drafts without detaching them.
10. Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid. '

11. 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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