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2021
The Graduate School Entrance Examination
Physics 2 (Electromagnetism)
Problem Number P2

Answer Time 60 minutes

GENERAL INSTRUCTIONS

1. Do not look at the Problems until the start of the examination has been announced.
2. Use 5 Answer Sheets and 3 Draft Sheets.
3. Do not use the back faces of the Answer Sheets or the Draft Sheets.

4. Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheets.

S. Answers must be written in Japanese or English.
6. Answers must be marked within the solid frame on the Answer Sheets.

7. Any Answer Sheet with marks or symbols irrelevant to your answers is considered to
be invalid.

8. The Problems are described in Japanese on pages 5-7 and in English on pages 9-11.

9. Scrolling, expansion and reduction of the Problems are permitted. Keyboard
operation is prohibited.

* Show the derivation processes as well as the results.

e Continue the answer even if network trouble occurs.
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Physics 2 (Electromagnetism)

Answer both Questions I and II.

As shown in Fig. 2.1, a sufficiently long U-shaped conducting wire, aff’a’,
with a width d, is placed in vacuum horizontally (parallel to xy plane) in a
uniform vertical upward (+2z direction) magnetic field with a magnetic flux
density B. aff and a'p’ are parallel to y axis. BB’ is perpendicular to aff. A
metal rod Ap of a mass m is placed on the conducting wire. The metal rod is
always in contact with af and o'B’ at A" and W', respectively. Au is always
parallel to BB’. Assume that the conducting wire has no electric resistance, and
the electric resistance of the A'p’ part (length d) of the metal rod is R. Ignore
the thickness of the metal rod. Ignore the friction and contact resistance
between the metal rod and the conducting wire. Ignore also the magnetic field

generated by the current flowing through the circuit.

Figure 2.1

Continued on the next page.




I. A constant external force F is applied to the center of gravity of the metal
rod in +y direction and the metal rod is moving at a constant velocity v.

Answer the following questions.

1. Express the current I flowing through A’y using wv.

2. Express v using F.

3. Find the Joule heat generated per unit time. Find also the work done
per unit time when the metal rod is moved. Then verify that the law of

conservation of energy holds.

Continued on the next page.
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II. Next, as shown in Fig. 2.2, a capacitor with a capacitance C is inserted in
the BB’ part of the conducting wire. At time t =0, an instantaneous
external force is applied to the center of gravity of the metal rod in +y
direction, giving an initial velocity. Let the velocity of the metal rod at time
t be v(t). Let the electric charge stored in the capacitor at time t be Q(t),
and Q(0) = 0. Answer the following questions.

1. Express the current I(t) flowing through A'y’ at time t using both
Q(t) and v(t).

2. Express the acceleration a(t) of the metal rod using both Q(t) and
v(t).

3. When v(0) = vy, express I(t) using v.

Figure 2.2
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