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INSTRUCTIONS TO CANDIDATES

1.

2.

Attempt all questions.

Pick the correct answer and make a mark “®” in the circle provided in the answer
sheet. Only one answer is allowed for each question.

Three marks for a correct answer, one mark will be deducted for each wrong
answer. No mark will be given to each question not attempted.
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In a carnival ride called the rotator, people stand on a ledge inside a large cylinder that rotates about a
vertical axis. When it reaches a high enough rotational speed, the ledge drops away. If the radius is 2 m
and the period of rotation is 2 sec, then the minimum coefficient of friction for the people not to slide
down is (Note: the acceleration of gravity g=9.8 m/s?)

(A)0.9  (B)0.8 (C)0.7 (D) 0.6 (E)0.5

CHAGFE S ma BAFLL BRI RFaE e b FE S me EBRIF L ABAL G 0 A S K
2 e Bl ug o FRBAABLKBT 3D 0 % AHAGVR T4 F 50
Block A, with mass m., is initially at rest on a horizontal smooth floor. Block B, Wlth mass ms, is initially

at rest on the top surface of A. The coefficient of static friction between the two blocks is us. Block A is
pulled with a horizontal force. Block A will slide out from block B if the force is greater than:

(A) mag  (B) msg  (C) usmag (D) usmsg  (E) us (matms)g

S BARE I F BE SRS ERE T=2 MR? > v P Ak T R A 3 % K
PRI AG o FlEARAR F RS &I rﬁ ﬁBK,__m@:}f;xmé' A ES
His L8 o ek P HEAYE 6 DB B F R A 12 o0 > Biple a4 0 i“f ’ I}ﬂr_x Bé}ﬁ‘. B B
FRLS 9

Two identical disks, each with a rotational inertia I = % MR?, are rolling without slipping across a
horizontal floor and then up an incline. Disk A rolls up the incline without sliding, while disk B rolls up

a frictionless incline. The inclines are otherwise identical. If Disk A reaches a height of 12 cm above the
floor before rolling down again, what height above the floor does Disk B reach?

(A) 24cm (2 4) (B) 18cm(24) (C) 12em(24) (D) 8em(24)  (E) 6em (2 4)

R K Hch 100 2 H/F R - AR 0T FROFM 0 T - R4 TFRSM - 0
Py ik,;la;g« J<:u 2k 2O RSB R0 24 o FRGFEF AP FUMERTER o §
BE S - TP THFEEAF FE 2 27 WER G 04 K/§) o et prl o f4 o i
A 2.0-kg mass is attached to one end of a spring with a spring constant of 100 N/m and a 4.0-kg mass is
attached to the other end. The masses are placed on a horizontal surface and the spring is compressed 10
cm. The spring is released with the masses from rest and then the masses oscillate. The spring has its
equilibrium length for the first time when the 2.0-kg mass has a speed of 0.4 m/s. The mechanical energy
lost at this moment is:

(A)OJ(E2) (B) 026J(£2) (C)046J(£2) (D) 0.52J(£2) (E) 0.92J(£2)

Page 1 0of7
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5. 4eBl#TE 0 - &p R a_fr’f?lﬁﬂmﬁ EFLREF o FLEATE AT E L] DK ATHGN o
B Bl fr2i B R A W E
A small satellite orbits about the Earth in an elliptical path as shown. If L represents the magnitude of
its angular momentum and K represents kinetic energy, what are the relationships between these
quantities at positions 1 and 2 in the orbit, respectively?

(A) L2=Liand () K2 > Ki
(B) L2>Liand (4r) K2 > Ki
(C) L2>Liand (fr) K2 =K
(D) L2=Li and (4v) K2 =K1 2 1
(E) L2<Liand (r) K2 =K1

&
\-‘-‘

FPREFALER L ERATE M 359 4 6 KBRS « FEE megpes (20
LT R IRk KT IR FEHEY S PR d) e IR chE 4 <o) S
A spherical shell has inner radius Ri, outer radius Rz, and mass M, distributed uniformly throughout the

shell. The magnitude of the gravitational force exerted on the shell by a point particle of mass m,
located at a distance d from the center, and between the inner and outer radius of the spherical shell is:

(A) 0

(B) GMm/d?

(C) GMm/(R} — d?)

(D) GMm(d® — R})/d*(R3 — RY)
(E) GMm/(d* — R})

7. 4B 9w 0 — B 8ON 13593 A f i Bl iR b o RSP PEEE 4 AR b 0 aE
An 80-N uniform plank is leant against a frictionless wall as shown. The torque (about point P) applied
to the plank by the wall is:

(A) 40 N-m (= #-31)
(B) 60 Nom (2 #-5F)
(C) 120 Nom (2 #g-3)
(D) 160 N-m (2 # -3 )

— 3m —

(E) 240 N-m (= #g-3) 3%

8. A BARF IR ETELEF APk iR TR 7 F § ¢
Two identical undamped oscillators have the same amphtude of oscillation only if:

(A) s PP A2 453 40 F 28 xo
they are started with the same displacement xo
(B) i Az 43t 4p e i & vo
they are started with the same velocity vo
(C) # i Azdp4p I cfp i
they are started with the same phase
(D) # P 4=4534p b e w?xé + v
they are started with the same combination of w?x§ + v3
(E) # 424534 I ch x3 + w?vd
they are started with the same combination x§ + w?vé

Page 2 of 7
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FARRELS 3 F /05 1.0 2 Av\fﬂﬂﬁ'g MR BATERHITHEG 25 B3t e o &
lﬂ;dl‘mﬂ ,{;_,7- 0.050 = & © 4%~ }\ l——@\'g v m/n ,—.» 2.0 ‘} /7f/ ’ }\dﬁ-ﬁa""@;dl‘m‘éﬁ ®

A lawn sprinkler is made of 1.0 cm diameter garden hose with one end closed and 25 holes, each with
a diameter of 0.050 cm near the closed end. If water flows at 2.0 m/s in the hose, the speed of the
water leaving a hole is:

(A) 20 m/s (£ /#7)
(B) 32 m/s (4 /4))
(C) 40 s (+ /)
(D) 600 m/s (3F /%)
(E) 800 m/s (+ /4))

FAREFEFENTHNEF KAk Y o F T H i@ e b o b iR
A cork is floating on the water contained in a bucket which is put at rest on the floor in an elevator.
The elevator is then accelerating upward. During the acceleration:

(A) It A g r kP @i g 3
the cork is immersed more
(B) #x A BT~ kP R A R
the cork is immersed less
C) AT r kP ehg 3
the cork is immersed with the same amount
(D) — B dodic A Eiwengi s o 4eig e b EFESTHI RS
at first, the cork is immersed less but as the elevator speeds up it is immersed more
(E) - Bdpdin A iTenii b > 4cigp b BTN R0
at first, the cork is immersed more but as the elevator speeds up it is immersed less

1. #7 2 Ca# 4B R TATHBAERFZE Coa 4B R 5 T -8 B &8 £ 0f35 7 fft

12.

Beff ook BFEERAME 2 F AR RS BRWORLER S

Object A, with heat capacity C4 and initially at temperature 74, is placed in thermal contact with object
B, with heat capacity Cp and initially at temperature 75. The combination is thermally isolated. If the
heat capacities are independent of the temperature and no phase changes occur, the final temperature of
both objects is:

(A) (CaTa— CBTB)/ (Ca+ CB)
(B) (CaTa+ CBTB)/ (Ca+ Cb)
(C) (CaT4— CBTB)/ (Ca—CB)
(D) (Ca— CB) |Ta— T}
(E) (Ca+ CB) |Ta— T5|

HEERF ARG EF LR ok ERAFERSNR  BRB G HFE 3 BE LB BIHR
#EFRL

The rate of heat flow through a slab is P.. If the slab thickness is doubled, its cross-sectional area is
halved, and the temperature difference across it is doubled, then the rate of heat flow becomes:

(A)2F
(B) F./2
©) F
(D) F./8
(E) 8F,

Page 3 of 7
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A quantity of an ideal gas is compressed to half of its initial volume. The process may be adiabatic,
isothermal or occur at constant pressure. Rank these three processes in order of the work required by an
external agent, from least to greatest.

(A)@# %8 %R

adiabatic, isothermal, constant pressure
B)e# -~ 2R %8R

adiabatic, constant pressure, isothermal
O FF -84 3R

1sothermal, adiabatic, constant pressure
D)ER - -G48 %58

constant pressure, adiabatic, isothermal
(E) 2 & ~ 38 - 84

constant pressure, isothermal, adiabatic

Bhag DHE S 5 1000 Hz en#5 o v 1 20 f/F) et B o #20k ahk SPb# 6 o B Bd 5 340 F
[y Bt R (S SRR T i 5

A source emits sound with a frequency of 1000 Hz. It is moving at 20 m/s toward a stationary reflecting
wall. If the speed of sound is 340 m/s, an observer at rest directly behind the source hears a beat
frequency of:

(A) 3.0 Hz (# %) (B) 55 Hz (# %) (C) 63 Hz (# %) (D) 118 Hz (# %) (E) 183 Hz (# %)

—HF R A-RPEOAREF o FASERL L F BAE ARG 2L FBAVE- Bk
G L AE AR 1 2

Two pipes are each open at one end and closed at the other. Pipe A has a length L and pipe B has a
length 2L. Which harmonic of pipe B matches in frequency the fundamental of pipe A?

(A) 47 The fundamental
(B) % = ¥+ The second
= 3¢ % The third
(D) % = :#+5 The fourth
Ea é&q‘ﬁ% ez 5 There are none

-~ BpenE § BRI S F P EN o dodk AR T ENY gk £ o F K SR B PFECE T
R 509

Monochromatic light, at normal incidence, strikes a thin film in air. If A denotes the wavelength in the
film, what is the thinnest film in which the reflected light will be a maximum?

(A) iz A-]; muchlessthand (B) A/4 (C) /2 (D) 31/4 (E) A

p%ﬁ*%iﬁz’%“’ P R BOREEL do REERETIER L Do D~ dr A Ak
Lo ¥EITHFERDBIEREE -

In a Young's double-slit experiment, the separation between slits is d and the screen is a distance D
from the slits. D is much greater than d and A is the wavelength of the light. The number of bright
fringes per unit length on the screen is:

(A) D/A (B) DMd  (C) D/dA) (D) M(Dd)  (E) d/(DX)

Page 4 of 7
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18. & BAPFE{R R enERETE o f | MR T FE L Q AR A g Bi Y HE LS ko
Bk o MESGEA BIRWL > RO fri < R hT E A Y 5
Two conducting spheres are far apart. The smaller sphere carries a total charge of Q. The larger sphere
has a radius that is twice that of the smaller and is neutral. After the two spheres are connected by a
conducting wire, the charges on the smaller and larger spheres, respectively, are:
(A) Q2 and (4r) O/2
(B) 0/3 and (§=) 20/3
(C)20/3 and (§r) O/3
(D) 0 and (f-) O
(E) 2Q and ({v) -0
19. 3 %/ qufr q ePB S S B APEE T PR o BT ShME o A0 2 B aPRET
LR o ¥ ar:
Two point particles, with charges of g1 and g2, are placed at a distance r apart. The electric field is zero
at a point P between the particles on the line segment connecting them. We conclude that:
(A)grandg: T iF 52 T 84 5
¢1 and g2 must have the same magnitude and sign
(B) PR35 3
P must be midway between the particles
O giandp T i 3ieTE£3 - T E
q1 and g2 must have the same sign but may have different magnitudes
D) grand gz T F 5le T £ E
¢1 and g2 must have equal magnitudes and opposite signs
(E)giandgx T /e F 5. T E7 - T E
¢1 and g2 must have opposite signs and may have different magnitudes
200 R4 REdABAAFTFELI PHELEDIARLT c FRAARDT AL V> LT ERY

ER P RT IR Q o R II% LERLEBE I OT R BRE B 2%‘:’”&, .;,3_/,, I
A battery is used to charge a series combination of two identical capacitors. If the potential difference
across the battery terminals is /" and total charge O flows through the battery during the charging
process, then the charge on the positive plate of each capacitor and the potential difference across each
capacitor respectively are:

(A) Q2 and (4v) V/2
(B) Qand (§v) V
(©) OR2and (4v) V
(D) Qand (§r) V72
(E) Qand (4r) 2V

Page 5 of 7
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21, R PP lwme v f&_i?‘]%@fi 0~50 F %3 - F & 3 %‘:ﬁg&i?‘]%@%% 0x 5%
EANT
A certain ammeter has an internal resistance of 1 Q and a range from 0 to 50 mA (m=10'3). To make
its range from 0 to 5 A, use:

(A) B B — B 99 Fd? e [E
a series resistance of 99 QO
(B) B Bi— M {x% hT I B]4e10° Fobr
an extremely large (say 10° Q) series resistance
(C) & Fi— 1 99 ®d#* chT [
a resistance of 99 Q in parallel
(D) # #— #1/99 %4 1T B
a resistance of 1/99 Q in parallel
(E) I B — i 1/1000 ®r# e Fe
a resistance of 1/1000 Q in parallel

22. TF (FEm> Tim—e) BBT AL VEFF4eif » 2 SRLTWHERDESB R - o
SRS Y
Electrons (mass m, charge —e) are accelerated from rest through a potential difference 7 and are then
deflected by a magnetic field B that is perpendicular to their velocity. The radius of the resulting
electron trajectory is:

(A) (J2eV/m)/B (B) BV2eV/m (C) (J2mV/e)/B (D) BV2mV/e (E) none of these (12 F ' #-)

23, 4eB T 0 AIS3 BB B P B NEHME R AR ALy P c FHENER Ve LHD o
SRTRY PR BERRLE  BEOL R
A rod lies across frictionless rails in a uniform magnetic field B, as shown. The rod moves to the right
with speed V. In order for the induced emf around the circuit to be zero, the magnitude of the magnetic
field should:

(A)7? %

not change
(B) SEPE 7 B ALK 40

increase linearly with time
(O)“EPE R & s o

decrease linearly with time
(D)EPFR & = = > 3 4o

increase quadratically with time
(B)SE R - &> 0

decrease quadratically with time
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24, T A= IF e FA e M b i R 7
Which of the following is the best evidence for the wave nature of matter?

(A) 7+ b foehFk 5t

The reflection of electrons by crystals
(B) % % »T

The photoelectric effect
(C) B 4 7 I

The Compton effect
(D) 5 54 0 3 15 54

The spectral radiancy of cavity radiation
(E) & + evb> & &2 50 & B %

The relationship between momentum and energy for an electron

25. FAPERE - MaX T AR ALY KA P L B o X F Ay BRI E O B B
BT A_A e THVE-F S E 9
As we watch, a spaceship passes us in time At. The crew of the spaceship measures the passage time
and finds it to be A7'. Which of the following statements is true?

(A) At 5T B 5 o ok AL

At is the proper time for the passage and it is smaller than At’
(B)At Fid TG B o v AT

At is the proper time for the passage and it is greater than At’
(C)At" HiL G P> v Ate]

At’ is the proper time for the passage and it is smaller than At
(D) At' Hid #Een®] 5 pF o> b At

At' is the proper time for the passage and it is greater than At
(E) None of the above statements are true (12 + ¥ 2£)
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