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The following symbols and constants will be used throughout the examination paper unless
otherwise specified:

g — gravitational acceleration on Earth surface, 9.8 (m/s?)
G - gravitation constant, 6.67 x 10" (N m%kg?)

e — charge of an electron, -1.6 x 107%° (A s)

& — electrostatic constant, 8.85 x 10™% (A s)/(V m)
me — electron mass = 9.11 x 10! kg

¢ — speed of light in vacuum, 3.0 x 10% m/s

Radius of Earth = 6378 km

Sun-Earth distance = 1.5 x 10" m

Earth-Moon distance = 3.84 x 10° m

Density of water = 1.0 x 10° kg/m®

Density of iron = 7.7 x 10° kg/m®

Density of mercury = 13.6 x 10° kg/m®

Speed of sound in air = 340 m/s

g- , 9.8 (m/s?)
G- ,6.67 x 107 (N m%/kg?)
e— ,-1.6 x 10" (A5)
& — ,8.85 x 102 (A s)/(V m)
e — ,9.11 x 103 kg
c- ,3.0x 10° m/s
= 6378 km
- =15x10"m
- =3.84x10°m
= 1.0 x 10* kg/m®
= 7.7 x 10*kg/m®
=13.6 x 10°kg/m®
=340 m/s

The following conditions will be applied unless otherwise specified:

1) All objects are near Earth surface and the gravity is pointing downwards.
2) Neglect air resistance.
3) All speeds are much smaller than the speed of light.

1)
2)
3)
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Multiple Choice Questions (2 points each. Select one answer in each question.)
2

MC1
Given that the moon revolves around Earth at a period of about 27.3 days, use the parameters
given in page-2 to find the mass of Earth.
2 27.3
(a) 2.3x10* kg (b) 46x10%kg  (c) 6.0x 10* kg (d) 7.8 x 10* kg
(e) 9.8 x 10 kg

MC2

As shown, a piston chamber of cross section area A is filled with ideal

gas. A sealed piston of mass m is right at the middle height of the . ,

cylinder at equilibrium. The friction force between the chamber wall ;

and the piston can be ignored. The mass of the rest of the chamber is ‘

M. The atmosphere pressure is Po. Now slowly pull the piston upwards, l m 7 /

find the maximum value of M such that the chamber can be lifted off ST

the ground. The temperature remains unchanged. AT o

4 el
m vl
Py ,
M
(a)M:POA—ng (b)M:POA—mg (C)M:POA—mg
2g
(d)M:PO_A (e)M:E)A
2g
MC3

Find the electrostatic energy of an equilateral triangle of side a with a point
charge g at each vertex, excluding the self-energy of the point charges.

a q
1 2 3 2 3 2
(a) 9 (b) 9 (©) 9
Ame, a Ame, a 21, a
1 2 1 2
(d) 9 (e) - 9
81, a 4Ane, a
MC4

Two cars A and B are moving towards each other along the same line at 2/3 of the sound
speed. Car-A sends out continuous sound waves at frequency f. The frequency of sound heard
by the driver of car-B is .

A B 2/3 A f B

@ 5 (b) 97 (c) /15 (d) /19 € f
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MC5

As shown, the tiny ball at the end of the thread of length 100 cm has a
mass of 0.6 g and carries charge 5.88 x 10°° C. It is in a horizontal
electric field of intensity 1000 N/C (Newton per Coulomb). Find the

vibration frequency of the ball near its equilibrium position. E q
069 5.88x10°C 100 —

cm 1000 N/C

(@ 0.70 Hz (b) 0.59 Hz (c) 0.50 Hz (d) 3.2Hz

(e) 6.4Hz

MC6

As shown below, a plane microwave is normally incident on four evenly spaced identical
narrow slits S, S», S3 and S4. XY is a line parallel to the plane of the four slits and far away
from the slits. Point-X is at equal distance to slits S, and S3. When only slits S, and S3 are
open, the wave intensity at point-X reaches the maximum value of 4, and that at point-Y is
zero. When all four slits are open, the intensity at point-Xis

S1 S S S XY

X SZ S3 Sz S3 X A Y
X

@ o0 (b) 24 (c) 44 (d) 84 (e) 164

S1
DA R
- ¢ x

-, S3

— S,

MC7
Same condition as MC6. When all four slits are open, the intensity at point-Y is
Y

(@ o (b) 24 (c) 44 (d) 84 (e) 164

MC8
As shown, three large conductor plates of area 4 are placed parallel to T
one another at equal distance d. Find the capacitance between the left
and the right plates.

A d

£,4 &4 26,4
@ = ) - © —

4e,4
d

£,4
(d) 4 (e)
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MC9 1
As shown, inside a cart that is accelerating horizontally at —
acceleration & there is a block of mass M connected to two
light springs of force constants k3 and 4. The block can A A M
move without friction horizontally. Find the vibration ¢ . m
frequency of the blocg.
M ki kp O O
@ = [tk b) = otk © & [tk _,

2r\ M 2r\ M 2r\ M
(@) — |k Oy ML

2\ (k, + k)M 2\ (k, + k,)M

MCI10
Five identical 1 pyF capacitors are connected as shown, find H# F<| h_‘ i_ﬂ |_| k*,

the capacitance between point-A and point-B. A B
1uF A B

(@ 1pF (b) 2 uF (c) 3uF (d) 4 uF (e) 5pF

MC11

Two small balls of mass m and 3m, respectively, are connected m

by a thin and rigid bar with negligible mass, and are free to
slide on the 45° inclines, as shown. Find the angle of the bar to
the horizontal plane in equilibrium. The angle being negative 45° 450
means that the heavy ball is above the light ball.
m  3m 45°

3m

(a) 46.6°  (b) 26.6° (c) 45° (d) -26.6° (¢) —46.6°

MC12

A uniform cylinder of radius « originally had a weight of 80 N. T

After an off-axis cylinder hole at 2a/3 was drilled through it as

shown, it weighs 65 N. The axes of the two cylinders are parallel O .
and their centers are at the same height. A force T is applied to the

top of the cylinder horizontally. The value of the force should be

in order to keep the cylinder is at rest.
80N a 2al3
65N
T _
@ 1IN (b) 3N (c) 5N (d) 8N (e) 10N

MC13
The electric field is i: = (5;rcO —3;50) V/m. The potential at the point (0,5m,5m)is___if the
potential alt coordinate origin is taken as zero.

E = (5%, -3y,) V/m (0,5m, 5m)
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@ -25v  (b)-15V (c) 0 (d) 15V (e) 25V
MC14
As shown, an infinitely large surface on the left carries fixed surface _
charge density o. The one on the right carries -20. A conductor slab : Z
is inserted between the two and its potential is fixed at zero. In L] -
equilibrium, the surface charge densities on the left and the right Lz
surfaces of the middle conductor are . - T
o 1
20
@) ogand -o (b) -2cand 20 (c) -2c0and o
(d) ogand -20 (e) -gand 20
MC15
A spherical cave of radius R/2 was carved out from a uniform
sphere of radius R and original mass M. The center of the cave is at P

R/2 from the center of the large sphere. Point P is at a distance 2R
from the center of the large sphere and on the joint line of the two
centers. The gravitational field strength g at point P is .
M R RI2 RI2

2R
O ) g=20n @ g=iln
@ e=2% @iy
MC16

A small block slides down from rest at point P, on the surface of a
smooth circular cylinder, as shown. At P, the particle falls off the
cylinder. The equation relating the angles &, and g, is given

P1 P>
6 -6,
R .2 L
(@) sing, -Esm o, (b) sing, —gcose2 (c) sing, =cosé,
(d) cosé, =sing, (e) cosg, :gsin o,
MC17

50.0 g of ice at — 40 °C is mixed with 11.0 g of steam at 120 °C. Neglect any heat exchange
with the surroundings. What is the final temperature of the mixture? (Specific heats of ice,
water, and steam are 0.50, 1.00, and 0.481 cal (g °C)™ respectively. The heat of fusion of ice
is 79.8 cal/g. The heat of vaporization of steam is 540 cal/g.)

50.0g -40°C 11.0g 120°C
0.50 1.00 0.481 cal (g °C)* 79.8

callg 540 cal/g

(a) 35.3°C (b) 30.3°C (c) 25.3°C (d) 20.3°C
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(e) 15.3°C

MC18
Electrons accelerated from rest by a voltage J enter a magnetic field of strength B which is
perpendicular to the electron velocity. The trajectory of the electrons in the magnetic field is a
circle of radius R. The electron charge to mass ratio e/m, is then
V B
R e/m,
(@)  V/BR)® (b)  2V/(BR)? (c)  4V/(BR)? (d)  8V/BR)?
(e)  16V/(BR)*

MC19 F
A thin uniform rod is partly immersed in water, while being lifted /

by a string fastened to one of its ends, as shown. If the density of
the rod is 3/4 of that of water, what is the fraction of the length of
the rod that is above the water when in equilibrium?

3/4

(@ 0134  (b) 0203  (c) 05 (d) 0.75 () 0.866

MC20

A U tube which is partially filled with liquid is in a vehicle under
horizontal accelarating motion, as shown. Find the maximum
difference in height of the liquid surface over the lateral distance
of L.

U
L
S a @ [ g
@ O = © CR R
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Open Problems
Total 6 problems 6

Q1 (5 points)

Describe, in less than one page, a way to determine the mass of a small object (~ kg) in
weightless condition.

1 5
1kg

Q2 (10 points)
As shown (not to actual scale), a thin convex lens with focus length 10 cm and a concave
spherical mirror of radius 20 cm are placed on the same optical axis. The distance between
the center of the sphere at point-P and the lens is 20 cm. A point light source O is placed on
the optical axis and at 20 cm from the lens.
(a) Find the position of the final image of the light source.
(b) Assume the brightness of the final image in (a) is unity. The lens is then cut into two
equal half disks, and the upper half is lifted by 1.0 mm from the original axis. Find the
final image(s) and their brightness of the source.

\_/

Lens Mirror
2 10
10 cm 20cm P
20 cm 0] 20cm
@ O
(b) (a) 1 1.0
mm @)

Q3 (10 points)

A conductor rod of length L, resistance R, and mass m is

placed on an inclined rectangular frame made of perfect

conductor in a uniform magnetic field B pointing upwards.

The frame plane is at an angle dto the horizon, as shown. Ig
Find the terminal velocity of the metal rod if

(@) there is no friction between the rod and the frame; and

(b) the friction coefficient between the rod and the frame is p.

B3 (10 )

m, R

(@)
(b) 7
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Q4 (10 points)

Two small and hard spheres, one right on top of the other and almost in : l
touch, are left to fall from a height Hy. The lower sphere of mass M

collides with the ground, and almost instantaneously it collides with the
upper sphere of mass 0.1M. Both collisions are elastic. Find the maximum
height the upper sphere can reach.

B4 (104)

M 0.1M

Q5 (12 points)

As shown, a block (Object-A) of mass ma moves on a frictionless plane at initial speed vy,
and lands onto a cart (Object-B in the figure, mass mg, length L, initially at rest) smoothly.
Ignore the size of the block. The friction coefficient between A and B is f/and the cart is on a
frictionless plane. The block collides elastically on the fixed wall at the end of the cart and
eventually falls off the cart.

(a) Find the minimum value of vy such that the block can indeed fall off the cart.

(b) Suppose the initial speed is larger than the minimum value in (a), find the kinetic
energy loss of the system (block + cart).

(c) Same condition as (b), find the time the block spends on the cart.

(d) If the initial speed is less than the minimum in (a), find the time the block spends on the

cart.
A
—p B
-'F."""".l:‘:' "'_:"__' 1*1\,1 ¥ : ,'h‘\
1:.-.,‘:-: _;--:- J"-. ?UJ:I:.-..E".
Erﬁ 5 (12 ﬁ )
ma Vo L
mg H
(a) Vo
(b) (a)
() ()
(d) w o (d)
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Q6 (13 points)
This is an experiment that demonstrates the *matter wave’, i. e., particles such as electrons
move like light wave propagation. A beam of electrons (ignore interactions between the

electrons) can be viewed as a plane wave with wavelength A = L , Where £ is a fundamental

constant called the Planck Constant, and p is the momentum of an electron. The intensity of

the wave is proportional to the electrons density. The electrons ‘matter wave’ is used to

replace the light waves in a typical setting of Young’s experiment (for light waves), with two

narrow slits separated by a distance d, and a large screen at a distance D (>> d) from the slits.

A broad beam of electrons, accelerated by a voltage U from rest, is incident perpendicularly

onto the slits plane. You can use the appropriate constants in page-2 without substituting the

actual values in your answers.

(a) Find the electron density distribution on the screen, assuming that its maximum value is
unity and the screen can somehow remain neutral.

(b) Add one more slit at the middle position between the two original ones. Find the electron
density distribution on the screen, and its maximum value.

6 (134)
A:ﬁ p
p
h
d D (>>d)
U 2
(a) 1
(b)
END

10



