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1 Answer the following questions.

(1) A weight of mass m is connected to a spring of spring constant k. Initially
the weight hangs down and is at rest. Support the weight by hand and lift it
up slowly until the length of the spring is equal to its natural length. What is

the work done by the hand during this process? Let the gravitational constant

be g.
mig? 2m2g? mig? mg omg
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2
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(2} Two point charges of magnitudes +¢ and —g are placed on the x-axis sepa-
rated by a distance d, as shown in Fig. 1. The point P together with the points
wher§ the two charges are placed forms an equilateral triangle. What are the
direction and the strength of the electric field at the point P? Let the constant
of proportionality in Coulomb’s law be k.

Direction (2) A (b} B () C (d} D

Strength (a) %
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Fig. 1

(3) A longitudinal wave is propagating in the positive x direction. The displace-
ment of the medium at a certain time is displayed in Fig. 2, where the displace-
ment in the positive x direction is displayed as a positive y value. Where is the
point at which the acteleration of the medium in the positive x direction is
maximum?

(a) A (b) B () C d D

c

Fig. 2

(4) The atomic nucleus %U decays by @ and 8 decays and changes atomic and
mass numbers. What is the final stable nucleus after these decay processes’

(a) *%Pb {b) “BBi (c) %&Pb (d) “"ZPb

P—2



9  Consider the electrical circuit shown in Fig. 3, consisting of an E=6[V] battery,

two switches S; and S, two resistors R1=4[Q]) and R.=2[Q], and a capacitor
C =2[uF]. The internal resistance of the battery may be ignored. Initially the
switches are both open and the capacitor has no charge. Close the switch S;
at a certain time. At a sufficiently long time after the switch S: is closed, the

capacitor is fully charged and the circuit becomes steady.

(1) Just after the switch S, is closed, what is the current flowing through the re-
sistor R, 7

(a) 15[A] (b} 3[A] (c) 6[A] d) 12[A] (e) 24[A]

{2) How much charge is stored in the capacitor C?

{a) 6uC] (b) 12[uCl (e} 36[uCl (&) 72[uCl (e} 144[uC]

(3) During the period in which the capacitor is charged, how much work is done
by the battery?

(a) 6[uJ] (b) 12[ul] (&) 36[wJl @) 72[pJ]  {e) 144[uJ]

(4) During the period in which the capacitor is charged, how much thermal heat

is emitted from the resistor R:?

(a) 6[uJ] (by 12[uJ] (e} 36[pJ] (& 72[u)] (e} 144[u]J]

Keeping the switch S; closed, the switch S: is also closed. At a sufficiently long

time after the switch S: is closed, the circuit becomes steady again.

(5) How much charge is stored in the capacitor C long after the switch S: is

closed?

(a) 4[nC] {b) 6[uC] {¢) 12[pC] {d) 24[uC] (e) 36[uC]
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3 A point object of mass m slides down from the

top O of a smooth sphere of radius R with an in-

.. ) P{XY)
itial slow speed vy, and finally at a point P(X, Y)

0

the object takes off into the air with a speed v. /

The friction between the object and the sphere K/
y

and that between the object and the air are as-

sumed to be negligible. (z, y) is a Cartesian coor-
. . o . Fig. 4
dinate system, y being in the direction of gravity

as shown in Fig. 4, and the sign of the angle &

specifying the point P is positive in case of the

configuration as shown in Fig. 4.

(1) Find the appropriate energy balance equation if g stands for the acceleration

constant of gravity:

m 2 _m 2 m — m _m 2
{a) 5D +mgY 5 0 (b) 50 +mgY =0 (c) 5V mgY 5 v
m e _ = m Mmoo
(d) 5V mgY =0 (e) 5V 500
(2} Select the appropriate geometric relation:
(a) sinf=1 ) sing=£=L € sing=R2Y
{d) sinﬁ'z.% () sind=0

(3) At’the point P, the following force balance holds:

. p?
mg sinéd = m—

R
Eliminate »? from the energy balance equation to give

vg

Y=CR+C—
g



where C. and C. are constants. Select the appropriate condition for Ci:

() C1<% (b) C1=% () %<C‘1<%

W Ci=3 & +<GC

Select the appropriate condition for Co:

(a) Cx -7 b G=-g ) ~t<C<-%
@ G=-3 &) —3<Ce

After taking off, what kind of orbit does the object follow?
(a) straight line (constant speed) (b) straight line (accelerating)
(¢) parabola(constant speed) (d) parabola{accelerating)

(e} parabola(decelerating)



4 One{l) mole of air is enclosed in

an insulated rigid enclosure with
a piston and an electric heater o p; 14
as shown in Fig. 5. Let p, V, T,
R be the pressure of the air, the ] Heater Piston
volume, the absolute tempera-
Fig. 5

ture, and :the universal gas con-
stant. In this case
pV=RT
Now consider the following situation: heat is supplied to the air through the
heater so that the temperature is increased by 1K under a constant pressure.
(1) How much work is done by the piston? (Select the appropriate answer.)
(a) —R x1molx 1K (b R x1lmolx1K () 0]
(d} 2R x 1lmolx 1K (¢) -2Rx1molx1K

(2) Let C be the specific heat of the air per mole (at constant pressure). Which
1s the appropriate supplied heat quantity?
(a) R x1lmolx 1K (b) —R x1molx 1K (¢) C x1lmolx1K
(d) (C+R)x1lmolx1K (&) 0]
.(3)  Which is the appropriate relation?
(a) C>R (b) C=R (¢) R>C>05R
(d) C=0.5R {e) 05R>C

”

(4) Let E and R, be the electric voltage supplied and the resistance of the
heater respectively. How much heat is generated and transferred to the air
per unit time? (Select the appropriate answer.)

(a) E (b) E/Ro (¢} EZRy?
{(d) E2/Ro (e) E/R¢?



5 Tt is known that a water wave in a lake produced by the pitching of a boat at
anchor with a pitching period T propagates with a speed 57T (b:some constant
> 0) if the lake is deep enough and the water is at rest. Assume that a boat

moves at a slow constant speed V, with a pitching period 7.

(1) Tirst find the following value :[wave length in the forward direction }

wave length at rest
(2) ‘J/TU | b 1 (c) 57;}%
w2l 0 L2l
(2) Second find the following value: |~ Ieng:‘gizagigﬁslggzﬁ direction}
(a) —,)VTO (b} 1 (c) %



