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Physics 1 (Mechanics)

Answer all Questions ], I, and I11.

There is a uniform rod with mass m and length L whose thickness can be ignored.
Consider a rigid body pendulum which swings smoothly on a vertical plane with one end
of the rod as a pivot point. Let O and E denote the pivot point of the pendulum and the
other end of the rod, respectively. The gravitational acceleration is denoted by g. Ignore
the air resistance.

I. The pendulum starts to move when the end point E of the rod is lifted to the same
height as that of the pivot point O and then gently released. Let 8 be the angle made
by the swing of the pendulum from the vertical, as shown in Fig. 1.1. Let @ and
be the angular velocity and the angular acceleration, respectively.

Rod (mass m, length L)

Figure 1.1

. Determine the moment of inertia I of the rod around the pivot point O.
. Derive the equation of motion for the pendulum.
. Derive the square of the angular velocity 62 as a function of 8.

I O S

. Determine the force exerted on the rod by the pivot point 0 immediately after
the pendulum starts to move.

5. Determine the force exerted on the rod by the pivot point O at the moment

when the end point E of the rod reaches the lowest point.

Continued on a later page.
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II. Asshown in Fig. 1.2, an object P with the same mass m as that of the rod is attached
-and fixed at a point on the rod at a distance x (0 < x < L) from the pivot point O

of the pendulum. Ignore the size of object P.

Rod (mass m, length L)

: Object P
{(mass m)
' E
¢ Figure 1.2

1. When the end point E of the rod oscillates with a small amplitude around the
lowest point, determine the period of oscillation.
2. The end point E of the rod is lifted to the same height as that of the pivot point
. 0/and then gently released. Determine x so that the time for the end point E
to reach the lowest point for the first time is minimized.

o Continued on a later pége.
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II1. As shown in Fig. 1.3, an object Q with the same mass m as that of the rod collides
perpendicularly at a speed v with the stationary rod whose end point E is at the
lowest point. Let y (0 <y < L) be the distance between the collision point and the
pivot point O. Ignore the size of object Q. Note that the object Q and the pendulum

move on the same vertical plane.

Object Q .—> - |
(massm) YV | Rod (mass m, length L)
E

Figure 1.3

1. Assume that the sum of kinetic energies of the object Q and the pendulum is
conserved before and after the collision. Determine y when the object Q falls
just below the pivot point O after the collision.

2. Consider the case where the object Q sticks to the collision point and moves
together with the rod after the collision. Let 1, be the value of v in the case
where the end'point E of the rod reaches exactly the same height as that of the
pivot poini 0. Express vy using y. |
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2022

The Graduate School Entrance Examination

Physics 1

Mechanics

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.
Answ_er a/]l 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.

e e R

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.

[a—y
-

Examinee Number | No.

Write your examinee number in the space provided above.
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