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1. Answer the following questions.

(1) A graph of velocity v versus time t for a mass particle moving along a

straight line is shown in Fig. 1-1. From ¢t =0 to t = t; and from t = t;

to t = ty the particle moves at constant acceleration. The velocity at

t = t1 is v1 and the velocity at t = t5 is v. Find the distance traveled
from t =0 to ¢t = 5.

(a) ; (Ultl + ’Ugtg) (b)

(d) Ultg — ’Ugtl + Uztg (e)

Uth — U2t1 + Uth
2

(c)

1
5 (Ultg + U2t1) (e)

\4

v1t1 4 Valo

(v —v1)(t2 — t1)



Fig. 1-1

(2) A monatomic ideal gas expands at a constant pressure, P, from a volume
of V] to a volume of V5. Find the heat required for this process.

@) GPM-V) ) SPMA-V) () P(G-T)

@ CPMm-V) @ PW 0 PV

(3) A block of mass m attached to a spring with a force constant k is free
to move on a frictionless horizontal surface. The angular frequency of

k
the spring is denoted by w = 1/ —. The block is released from a resting
m

position after the spring is stretched a distance of d. The direction of
the stretch is taken as the positive direction. Which is the correct graph
of the velocity of the block versus time in Fig. 1-2 from (a) to (d)?

(a) v (b) v

10 10 R — od 1

[
NV



(4) A positive charge g on a frictionless, horizontal surface is attached to a
spring with a force constant k. The charge and the spring are aligned
along the z-axis as shown in Fig. 1-3 (a). The initial position of the
charge ¢ is * = 0 and the spring is in equilibrium. When a positive
charge @) is placed on the z-axis at x = £, the spring is compressed by
d and the charge ¢ is stable as shown in Fig. 1-3 (b). The permittivity
of free space is denoted by ¢y. Find the formula for the charge Q.

(a) 47;€Ok:d(€+d)2 (b) 47;€Okd€ (©) 47;50kd(€+d)
47'('80 471'80
(d)  eoq (e) . kd*( () . kd* (¢ + d)
(a) k q

(5) A person looking into an empty container is able to see the far edge of
the container’s bottom surface as shown in Fig. 1-4 (a). The height of
the container is A and its width is d. When the container is completely
filled with a fluid of index of refraction n, the person viewing it from
the same angle 6 shown in Fig. 1-4 (a) and (b) can see the center of
a coin placed on the bottom as shown in Fig. 1-4 (b). The distance
between the center of the coin and the far edge is z. Find the formula

for the refractive index n.

d—x h? + (d — z)?
&) = ® NV Tere
d—z | h+a d R+ (d—2)?
d
(c) d\lh2+(d—x)2 B 5 e



Fig. 1-4



A parallel-plate capacitor with a plate separation of d as shown in Fig. 2 (a)
has a capacitance C' in the absence of a dielectric. Answer the following
questions:

(1) When the potential difference between the two plates is V', how much
charge is on each capacitor.

()  4CV (b) ;cv © oV
1 2 1 2
@ cv @  SCv 0 v

(2) Find the electric field created between the two plates in the case of (1).

(a)  V*/d (b)  V/d (c)  V/d?
(d) cv/d (e) C/d (f) C/d?
(3) A slab of dielectric of relative permittivity e and thickness d/2 is inserted
between plates as shown in Fig. 2 (b). This capacitor is equivalent to
two capacitors C; and Cy connected in a series as shown in Fig. 2 (c).
Find the capacitance of C in Fig. 2 (c).
(a) eC (b) (e+1)C (c) C/e

(d) 20 /&2 (e) 2eC (f) 2C/(e +1)

(4) Find the capacitance of the capacitor shown in Fig. 2 (b).

(a) Efl (b)  4eC (©)  2e+1)C
W e © n e

(5) Two dielectrics with relative permittivity £, and €5 each fill half the space
between the two plates as shown in Fig. 2 (d). Find the capacitance of
this capacitor.
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3. A hemisphere of radius R is fixed on a horizontal floor, as shown in Fig. 3. A
small ball of mass m slides down from the top of the hemisphere at point A
with zero initial speed. There is no friction between the ball and the surface
of the hemisphere. After sliding down the surface, the ball leaves the surface
of the hemisphere at point B and hits the horizontal floor at point C. As the
ball slides between A and B on the surface of the hemisphere, the position
of the ball is described by the angle # shown in the figure. The acceleration
of gravity is denoted as g. Answer the following questions.

A

Fig. 3

(1) Find the speed of the ball when the ball is at a position on the hemi-
sphere described by the angle 6.

(a)  2gRsinf (b)  2gRcosf () \/2gR(1—sin0)

(d) \/2gR(1 —cosf) (e) /L sing (f) 2 cos 6

(2) ZE(1 — sin @) (h) ZE(1 — cos 0)

(2) Find the normal force acting from the hemisphere to the ball when the
ball is on the hemisphere at a position described by the angle 6.

(a) mg cos 6 (b) mgsin f (c) mg(2 — cosf)
(d) mg(2 — sin 6) (e) mg(3cosf —2)  (f) mg(3sinf — 2)

(g) mg(3 —4cosf)  (h) mg(3 —4sin6)



(3) The position B at which the ball leaves the hemisphere is described by
the angle . Find cosfp.

(b)

N

V3
2

(e)

A~ w

(5) Find the speed of the ball in the horizontal direction immediately before
the ball reaches the point C.

@) 3R 0) yf59R ©  yf5oR
NN ©  \5oR GEEE
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4. One mole of an ideal monatomic gas is taken through the cycle A - B — C
— A as shown in Fig. 4. B — C is an isothermal process at temperature 7§,
in which the gas absorbs the heat ()y. The universal gas constant is denoted

as R. Answer the following questions.

p
B
3po
To
C
pO A o~
4
Vo v,
Fig. 4
(1) Find the temperature of the gas at A.
1 1
@) 570 (b)  3To (© T
9 3
(d) 31y (e) 9Ty

(2) Find the heat absorbed by the gas in the process A — B.

(a)  —2RT, (b)  —RT, () —gRTO
@ o €@  RT, 4 R
(g)  2RT (h)  —Qo (i) Qo



(3) Find the work done by the gas in the process B — C.

(8)  —2RT, b)  —RT, ©)  —2RT,

@ 0 (e) an &) RT,

() 2RIy (h)  —Qo (i) Qo
(4) Find the work done by the gas in the process C — A,

(a)  —2RT, )  —RT () —gR%

@ 0 () an &) RI,

(&) 2RIy (h)  —Qo (i) Qo

(5) Select a correct relation for the sign of the net work W done by the gas
and the net heat () absorbed by the gas per cycle.

(a) W>00>0 (b) W=00Q>0 (c) W<0,Q>0
d)  W=>0Q=0 () W=00Q=0 (f) W<0,Q=0

(g) W>0,Q<0 h) W=0,Q<0 (i) W<0,Q<0
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Two small speakers are driven in phase by the same oscillator. They are
placed at A and B separated by 6 m as shown in Fig. 5. An observer listens
to the sound from the speakers at a position along a straight line PQQ which is
parallel to and separated by 8 m from the straight line AB. A point O on PQ
is at the same distance from A and B. The observer moves from O toward Q.
The position of the observer is described by x. At O, the observer hears the
sound of constructive interference from the two speakers. As the observer
moves from O, the sound becomes weaker. At x = 3 m, the observer hears
the minimum sound for the first time. In the questions (1) - (3) below, the
speed of sound in the air is 3.4 x 10®> m/s. Answer the following questions.

Q
A

~

7/

3m xm

8m
3m

Fig. 5

(1) Find the wavelength of the sound wave.
(a) 8m (b) 4m (¢c) 3m

(d) 2m (e) 1m

11



(2) Find the frequency of the sound wave.

(a) 4.3 x 10" Hz (b) 8.5 x 10" Hz (¢) 1.1 x 10% Hz
(d) 1.7 x 102 Hz (e) 2.6 x 102 Hz (f) 3.4 x 102 Hz
(g) 6.8 x 102 Hz (b) 1.0 x 10° Hz (i) 1.4 x 103 Hz

(3) As the frequency of the speakers is increased, the observer at = 3 m
experiences an increase in the sound. Further increasing the frequency,
the sound reaches its maximum and then decreases, and finally returns
to its minimum again. Find the closest frequency of the sound wave
when the sound reaches its minimum again.

(a) 4.3 x 10! Hz (b) 8.5 x 10" Hz (¢) 1.1 x 10® Hz
(d) 1.7 x 10® Hz (e) 2.6 x 10% Hz (f) 3.4 x 10% Hz
(g) 6.8 x 10% Hz (h) 1.0 x 10% Hz (i) 1.4 x 10° Hz

(4) The frequency of the speakers is fixed at the value of problem (2). Find
the correct description for the change of the value of x at which the ob-
server hears minimum sound when the temperature of the air increases
and the speed of sound in the air changes.

(a) Increase (b) No change (c) Decrease
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