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Question Acceptable Question Acceptable
answers answers
1 0.56 16 0.23
2 12 17 0.72
3 8.6 18 26
4 2.1 19 0.54
5 1.2 20 2.6
6 35 21 95
7 4.4 22 13
8 27 23 98
9 78 24 10
10 0.69 25 94
11 42 26 0.52,0.53
12 0.64 27 3.6
13 0.86 28 270
14 7.2 29 5.2,5.3,54
15 87 30 12
Topics Questions No. Questions
Mechanics 2,3,4,5,6,7,8,9,10,11,12,13,26,29,30 15
Thermal Physics 14,15 2
Electromagnetism 18,19,20,21 4
Electronics Circuit 22,23,24,25 4
Modern Physics 27,28 2
Waves 16,17 2
Measurement 1 1
Total 30
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Question 1

— £, —AFMRAERFRSIEFE 26 com’ WESR. EFRAFIGIER 025 Hz, 1
TTFERR—KEREZ D 0’ FRINES.
Typically, an astronaut consumes about 26 cm® of oxygen with each breath. If the average rate
of breathing is 0.25 Hz. Estimate the volume of oxygen consumed by an astronaut in a day in
units of m3.
Ans: 0.56

V =26x107°x0.25 x 3600 X 24 = 0.56 m?

Question 2

—IHZE(1720 kg)IXIRFE100 kmh ™' ZE— B YRR H470¢ . SKRIZERS, 7 55 m (9B &
WETATREIEH RN, EFL 103 N YL,
A car (1720 kg) is moving on a flat road with a speed of 100 kmh ™. When the car is braking, determine

the magnitude of the average force needed to bring the car to stop within 55 m. Give the answer in

unit of 10 3 N.

Ans: 12
100y?
o ve %-(35)
25 2(55)
F=ma=1720x7 = 12040 N
Question 3

B 2.0 kg MUNEHNEEHR = 15 mGIREGE. RENDENIRER, &
INEREBTER—BME . BRI msT R
A cart of mass 2.0 kg enters a looped track of radius R = 1.5 m. Find the minimum speed

upon entering the loop, such that the cart is able to make it through the full circle. Give the

answer in unit of ms~1.

2.0kg
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Ans: 8.6

Using the conservation of energy
1 1
Emu2 =mg(2R) + Emvz

And the centripetal force on the top
2

mv
N+mg =

Solve u from the above two equations when N = 0
mu? — 4mgR
R
u=,/5gR =,/5(9.8)(1.5) = 8.57 ms™*

0+mg =

Question 4

A B C=BMiABRRAA—E, A/KRIHE LK Nhg), il 2 Frors.
=RAREIRE D B N30 kg, 20 kgM10 kg, JKFHIFIA126 No KAR B AYNNEE R
e BRMms 2 HBAL,

Three boats A, B, and C are tied and are being pulled horizontally on frictionless ice on a

frozen lake using ropes as shown in Figure 2. The masses of the three boats are of 30 kg, 20 kg,

and 10 kg, respectively. The pull is of magnitude 126 N. Find the magnitude of the acceleration

of boat B in unit ms~2.

my =30 kg mp =20kg me =10 kg

—_—

Pull

Figure 2
Ans: 2.1

F=(my+mg+me)a
126

~30+20+10
aA:aB=aC=a

2

a =2.1ms~
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Question 5

— N 470kg AT HFRIEM 26 m SRV T, REIWZ AT NZHARIT.
HEAFAETRERNEE. BRI kI ARA.

A 4.70-kg box is dropped from rest from the roof of a 26.0-m-tall building and feels no
appreciable air resistance. Calculate the kinetic energy of the box just before it hits the ground.

Give the answer in unit kJ.

Ans: 1.2
W =mgh = E, — Eyg
4.7(9.8)(26) = E;, —0
E, =1197] =12k]

Question 6

—YRETEE/KE A E#TEEES), BHAA 1.20s, #x18 0.600m, FERS[E) t = O,
VRS EFENE =0, EFNxnm@iEsl. iTEERNE = 048 sk, WEETE
NEMEE. EXRM com HEAL,

An object is undergoing simple harmonic motion with a period 1.20 s and amplitude 0.60 m on
a frictionless horizontal surface. At time t = 0 the object is at the equilibrium position x = 0,
and is moving in the negative x-direction. Calculate the distance of the object from the

equilibrium position when t = 0.48 s. Give the answer in unit cm.

Ans: 35
The displacement of the simple harmonic motion is described by
x = Acos(wt + ¢y)
And the velocity
v = —wA sin (wt + ¢¢)

Given A = 0.60 m, w = —=
1.20s

¢o = m/2 because at time t = 0, x = 0 and v is negative. So,

= 0.60 <2nt+ﬂ)
x =0.60cos |~ >

Whent = 0.48s
T

= 0.60 (2”048+
X = . COoS 12 . 2

) = —-0.353m =-353cm
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Question 7

— B o] BB T AR O ML B — T M, R ARG EA, R —HEE
ERERE. BHEBEREREKTETE, NE 3 Ffr. BRESE THIRTLR
BRHHRE, BRENEDREN = MR RAGHELTELS mE, HROKE
E, BEREMms™ HBA,

A thin inextensible string of negligible mass is wrapped around a uniform cylinder of mass M
and radius R. The other end of the string is attached to the ceiling. The cylinder is released from
rest and falling horizontally as shown in the figure 3. We assume no slipping occurs. The

moment of inertia of the cylinder is I = %M R?. When the centre of the cylinder has fallen by

1.5 m, find the speed of its centre of mass. Give the answer in unit ms™1.

Figure 3
Ans: 4.4

By conservation of energy

Mah = Smv2 + 1 2—1M2+1<1MR2)UZ
gh =5 v Tolem =50 1513 RZ

mah = (£ 4+ 1) mv2
g (24)”

4 4
v = \[ggh = jg (9.8)(1.5) = 4.43 ms~1




CONFIDENTIAL

Question 8

—fMAT XD EKFE MR ORNN DRSS E EES, HH TS5 FEZEaBsEE
BREA 051, RARMEBEFHTF IR NTRN.

A box is pulled by a force that is at an angle € above horizontal surface. If the coefficient of kinetic
friction between the object and the surface is 0.51, calculate the value of @for which the minimum force

is required to maintain constant speed.

Ans: 27
In x-direction
Fcos@ —uN =0
In y-direction
Fsinf+N—-mg =20
Solve 6,
F
Fsin6 +;cos€ —-mg =20

F= umg
usin @ + cos 6
Minimum force requires the denominator ¢ sin 8 + cos 6 to be maximum.
tanf = u = 0.51
0 =27°
Method 1. Using calculus % (usin@ +cosf) =0 - tanb = p.

Method 2. Using trigonometric relation cos(8 — ¢) = pusin 8 + cos 6. Maximum requires
0—¢p=0.0=¢=tan"1p.

Question 9

F-ERMNFRRMIRFEN—F REERFMKEE. BUBRKRENE N INERE
7398ms™?, KILBEKFREMNENINERE. BFRMms™ HEA,

A planet was found to be half the radius of the Earth, but its mass is twice the mass of the
Earth. Take the gravitational acceleration on the surface of Earth 9.8 ms™2, find the

acceleration due to gravity on the surface of this planet. Give the answer in unit ms™2.

Ans: 78
M _ G (2Mg)

The surface gravity of a planet is g’ = (;—2 (RE)Z =8
2

GMg
2
Rg

=8g = 78.4 ms™2
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Question 10

=NERNREN B AM,m, M 5M, Hx-HHIS—E%. REMSSMESER,
m 5 5M MEEER x. KILEX/REFREMNERIXFEN AT,

Three planets of masses M, m, and 5M are aligned along the x-axis. The distance between M
and 5M is R, and the distance between m and 5M is x. Determine the ratio x/R such that the
net gravitational force on m is zero.

R

A

M m SM

O
\ OV

Figure 4
Ans: 0.69
GMm Gm(5M)
F=- (R —x)? x?
For F =0,
1 5
(R—x)?2 x2

4x% —10Rx +5R* =0
1
=—(5—+5)R = 0.69R
X 4( \/_)

Question 11

WIKE S T EMEXNFR I AERIKIRE 2, REESMIKF/OMER Eizsh g
2. BREM10° mA RN,
Geostationary satellite stays still relatively at the same point in the sky of the earth’s equator.

Determine the radius of the circular motion that the satellite must orbit. Give the answer in

unit 10 m. (Mass of Earth #i Bk iz & 6.0 x 10%* Kg, Universal gravitational constant 75
S| E % 6.7 x 10711 Nm?kg2)

Ans: 42
mv? _ GMm
T r2
2mr
V=TT
4m2r? _GM
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1
GMT?\3
r =
412

B <6.7 x 10711 6.0 x 10%*(24 x 3600)2

1/3
yo > =42 x10°m

Question 12

—HR7.0kg (IREBFHEEHMRECH 112 Nm {8 E—ih, REBRNETELE 0.60
m 5, HERERESER. KRERHPHR., ERMUHZARA,

A block of mass 7.0 kg is attached to a spring with Hooke’s constant 112 Nm™'. The block is
pulled 0.60 m away from its equilibrium position and released from rest. Determine the

frequency of the oscillation. Give the answer in unit Hz.

Ans: 0.64

_A ez
f_Zn m 2n 7 z

Question 13

PR TNER, RE 762, HEZ2.0cm, WESHTRHEEE—TEA30cm HERE. #IKk
S5R[EBENERN TR, YRGFEN, KEHRBLZBNERAIRN. BEREUNAE
fir.

Two uniform, 76-g marbles, 2.0 cm in diameter are stacked as shown in figure 5 in a container that is
3.0 cm wide. The friction between the marbles and the wall of the container is negligible. When the
system is in equilibrium, determine the magnitude of the force that each marble exerts on the other.

Give the answer in unit N.

Ans: 0.86

Figure 5
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J(2r)2 —1r? B

Fcosd = F

cos > mg
F_ng_2x0.076><9.8 — 0.86 N

V3 V3 '

Question 14

HHE 12g, -4 CHIKTEBU 60°C FKFTFRN&E/NIE, BRI KI BRA,
Calculate the minimum required heat to convert 12 g of ice at -4° C into water at 60° C. Give the
answer in unit kJ.
The following parameters need to be used:
Latent heat of ice(VK F9IE4L &) 1,0, = 3.4 x 10° J/kg ,
Specific heat of ice(ZKEIELHY) i =2.1 X 103 T K1 kg1,
Specific heat of water(ZK BEEHY) Cpgrer =4.2 X 103 T K~ kg™1.
Ans:7.2
Q = MyceCiceATice + MiceLl + MiceCraterATwater
=12(2.1 x4+ 340 + 4.2 X 60)
=72k
Question 15

HERERSET, 273 KNEWEREREFRERN—F. TEUVEENNE
B, MESERILAMLLEY =14, HREM °C HRML,

Air at 273 K is compressed adiabatically to half of its volume at standard pressure. Calculate
the change in its temperature. Take the ratio of the molar specific heat of air y = 1.4. Give the

answer in unit °C.

Ans : 87

1.4-1

=273 <—) =360.22 K
0.5

AG = 360.22 — 273 =87K
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Question 16

AERETIERT, BFELNE_SAESTOURLMEEHR 3.0 om, WEREEEAN
0.03mm, S5BFHAEE 2.0m, KAERKK. BRI pm HEBHL,
In a double slit experiment, the second bright fringe occurs at 3.0 cm from the central bright

spot. The slits are 0.03 mm apart and the screen is 2.0 m from the slits. Find the wavelength of

the light. Give the answer in unit pm.

Ans: 0.23

dsinf =nAi
Because d < L, sinf = tan@ = %, SO,
dy (0.00003)(0.03)
“al o 2020

=23%x107"m=0.23x10"°%m

Question 17

EEMNERSFRUMEAHS00 HZWEZK. EMBIFPNERHA340ms™!, BHEIRR
M20 ms T EYERRMEN = [HE), KEBR[ETHERLEK. ERM m HEA,
A police car’s siren emits sinusoidal waves with frequency 500 Hz. The speed of sound in air
is 340 ms~!. Find the wavelengths of the sound waves behind the siren if it is moving at
20 ms™~! relative to the air. Give the answer in unit m.
Ans: 0.72

_v+vg 340+20

1= - =072
f 500 m
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Question 18

—REH77x107% g, BREH5.0 X 107° CAUNRIN—REG AL EERFHIKER
HXE. 5/03RHELE, BENREBTUBREAT. FEHN, DESEEEM60°H.
KEBZHAN, BRMU VR,

A small sphere with mass 7.7 x 1073 g and charge 5.0 X 107° C hangs from an insulated
thread in a region with uniform and horizontal electric field. The mass of the thread is negligible
compared with the sphere. When equilibrium, the thread forms an angle 60° to the vertical.
Find the magnitude of the electric field. Give the answer in unit Vm~1,

e

/60°!

Figure 6

Ans: 26
Force balance gives
Tsinf —qgE =0
Tcosf —mg =0
Combine the two equations

tan 6 :q_
mg
mg 7.7 x 1076 x 9.8 )
E=—tanf = ——tan 60° = 26 VYm™?!
q 5.0 x 106

Question 19

—¥REH 10em, TWHEREF-28UCHEBREEEE—ETEHR. —REAH30X
10™°g #HH BE7.8 pCH/ N F BB S BER /060 cm4ih PIER0.40 X 10° ms ™ 5§ (5 &
BERFG, RUFEMRESERREANNERE . FRU10°ms™  H 5,

A metallic sphere with a radius 1.0 cm, carrying a net charge —28 puC is held in stationary inside

a vacuum chamber. A tiny particle with a net charge ¢ = 7.8 uC and mass 3.0 X 107°g is

emitted towards the center of the metallic sphere with a speed of 0.40 X 10° ms~?! at a distance
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of 60 cm from the center of the sphere. Find the speed of the particle just before it reaches the

surface of the sphere. Give the answer in unit 10® ms—1,

Ans: 0.54
Using conservation of energy

1 1 1 1
2 Qq:_ v 4 Qq

2 28 X 7.8 x 10712 (1 1 )

3% 10~%94m x 8.85 x 10-12\0.6  0.01
vf = 2.887 x 10

vy = 5.37 x 10> m/s

= (0.4 x 10%)% —

Question 20
—HEh 3e, REART REMNFREEHA 023 THHYIKE#Y, HEHERE
295em¥E., ITERNTROER, ZBRU10® ms™ 1 HHH,

A vertical beam of particles that have charges of magnitude 3e and mass 12 times the proton
mass enters a uniform horizontal magnetic field of 0.23 T and is bent in a semicircle of
diameter 95 cm. Find the speed of the particle. Give the answer in unit 10® ms~1,

Take mass of proton(JRF/RE) 1.7 X 10727 kg,and e = 1.6 X 10719 C

Ans: 2.6
‘:/ 95.0 cm
[ ] e L ] [ ] ?‘. [
° ° @ eeen b'/ e B
Figure 7

2
R B
m—=qv

vzirB

m
_3X16x107°095
T12x17x10-27 2 oo = m/s
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Question 21

—#R0.65 m KMEBEMU 5.0 ms' WIREREEET 0.73 TGS A . ZESBER
mAUTETEERE L, EN—BEHN25 QBESEE, BIMRERR— N TESBK, W
B 8 Frm. & EHINBEREME T2, THEERNER. FRUMARRAL,

A 0.65-m-long metal bar is pulled to the right at a steady speed 5.0 ms™! perpendicular to a uniform 0.73
T magnetic field. The bar rides on parallel metal rails connected through a 25 Q resistor, so the

apparatus forms a complete circuit as figure 8 shown. Ignore the resistance of the bar and the rails,

calculate the current induced in the circuit. Give the answer in unit mA.

X g X

°b

Figure 8
Ans: 95
emf = LvB
_emf LvB 0.65(5.0)(0.73)
I = R - R - oc =95mA

Question 22

ZE—NENBIRIEA15 VA RLC FECEHES, BHH200, BEX1.2 mHKEBEE4.0 uF,
EHIREHT, REERMIHBEEENIRE. FRUVARAL
Consider an RLC serial circuit with emf amplitude 15 V, resistance 20 {2, inductance 1.2 mH,

and capacitance 4.0 pF. Find the amplitude of the voltage across the inductor at resonance.

Give the answer in unit V.

Ans: 13
At resonance, Z = R,
The current
emf 15
I = 7 T30°" 0.75 A

1
V, =1X, =1L |—
L L \/LC

=0.75 1'2m—13v
o 40u
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Question 23

— WA 1.0 Q ALIFITTINE 9 82— ENEWER, KRLFITEE. ZERMmARE
.

An ammeter with an internal resistance of 1.0 Q is inserted in the network to measure current as
shown in the figure 9. Find the reading of the ammeter. Give the answer in unit maA.
Ans: 98
Ammeter
/A

av(®) 1S 60Q=

Figure 9

I(r +R, + RoRs =V
Rt R =
4
[ = =98 mA

40 x 60
1+16+—40+60

Question 24

THEE 10 MRS NEAE. HRMU Q ARAL.
Calculate the equivalent resistance in the circuit in figure 10. Give the answer in unit Q.

Ans: 10

fo. 250
15V<t> /.;-
- 1
IR,
Figure 10
20||80_20><80_
20480
61112 6x12
“6+12
20 X 60
(4+16)|| 60 =

20+ 60
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15><15_

5115 = 5775 =
Reg=25+7.5=10Q

Question 25

MEBARRC, = 25 uFRC, = 75 uyFINE 11 Frorigd—4> 100 V BN, SKWEBAT#H
BENEEE. ZBRU mI AHA,
Two capacitors C; = 25 uF and C, = 75 uF are connected to a 100-V source as shown in

figure 11. Find the total energy stored in the capacitors when they are fully charged. Give the

answer in unit mJ.

Ans: 94
R z
\AA I
vy ( 1\ %
i V . __('2
100V \ = v2 T
Figure 11
C,C,
=Civy = V
¢=tn C,+ C,
= 100 = 75V
1725175

v, = 100 — 75 = 25V

1 2 1 2
E = EC1V1 +562V2

1
=5 (25175 + 751 25%) = 94 mJ
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Question 26

ZRMANFEZA40 um, BETEANMNNKREEERRTEERANYR, EBE
A 22.59 glem?®), FRERICVKEABPR10 pm, WEMEEHL 6370 km &b, #Fpy RoRH
INREBERSI AR, FpRTEP—/NRZMIEKSI N ERKROCELZ ENNE. HTELL
1B Fmuc/Fg o

Consider two Osmium spheres (the densest naturally occurring material, density 22.59 g/cm?),
each of 4.0 um radius, separated horizontally by 10 um. Both spheres are at 6370 km from the
center of the Earth. Let F,,,,; be the mutual gravitational force between the two spheres; Fz be
the component of Earth’s gravitational force on one of the spheres along the line joining the

spheres. Calculate the ratio Fy,,;/F5 -

Mass of Earth #1 Bk Fi& 6.0 x 102* Kg, Universal gravitational constant 74 5| J1 & %5
6.7 X 10711 Nm?kg 2

Ans: 0.52, 0.53

2
The mutual gravity is given by Fp,; = G%, where mass ism = p gm‘3 = 6.056 x 10712 kg and
the distance d = 107> m. Hence F,,,; = 2.46 X 10723N.

Fe=G62M L -471 x1072 N,

R?2 2R
Frut

= 0.52
E
The mutual gravity you will find is comparable to the one experienced by stars exhibiting dark

matter effects. Yet, such an experiment would be demanding because your second calculation shows
that non-uniformity of Earth’s gravity has a contribution similar in magnitude.

Question 27

AEBEMHT, MREVHREKETDE 100 4, EFEARBITOUNEEK 550 nm
Mt. XL FEZOTIE? BRMU107Y WhHEAL,

Under ideal conditions the normal human eye will record a visual sensation for wavelength 550
nm if as few as 100 photons are absorbed per second. What power level does this correspond
to? Give the answer in unit 10~17 W.

Ans: 3.6

Energy of a photon with wavelength A is given by E = — = 3.61 x 10719].

To record the visual sensation the eye needs to absorb 100 photons per second.

The power absorbed is P = 100 E = 3.61 x 10717 W.
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Question 28

HEBAXER 1.0 m 4 050 W B9XT/ERE . MIHRABKR—EFHRAFNEEN 2.1
eV, RIREFIRIEENERLMTEEANL0 " mHEE, KRMTEEEANTTE
RETHEEROK . SRR TFRESKHNNE T ERBUEBNEENREER PBEHEK?
EEM s HEHL.

Potassium plate is illuminated from 1.0 m by a 0.50 W bulb. The energy required to remove
the electron from potassium surface is W = 2.1 eV. Assuming that the area of an electron to
absorb energy is approximately the circle with radius 10™°m and light is the electromagnetic
wave emitted from the bulb in all directions, how long does it take for a potassium electron to

absorb the energy sufficient to be ejected from the plate? Give the answer in unit s.
Ans :270

The bulb emits 0.5 in Is into 47 angle. In 1 second the electron absorbs the energy proportional to the
ratio of its surface to the area of the sphere with the radius of 1 meter, i.e. absorbed energy per second
is

r?

Papsory = 4TR2 Pemit

(107" )?
=—7—7=(0.5
2(1)2 (0.5)
=0.125 x 10720 w
The energy needed to be ejected is W = 2.1 eV = 3.36 x 107 1°]J.

Hence the time required is 33.6: 0.125 = 270 s. Interestingly, in the experiment it takes practically no
time to start the photocurrent.
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Question 29
visuallabv3 (xmumphys.com)
Find the gravity of the unknown planet. Give the answer in unit ms™.

AL

x v?sin 20

Usev = - to find initial speed. Then use R = to find gravity.

osOt
Example. When § =45°, x = 69m,t =5.1s
v=19.1m/s

v2sin 20 5
=—=53m/s

We accept answer 5.2, 5.3, and 5.4
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Question 30

visuallabv3 (xmumphys.com)

Find the gravity of the unknown planet. Give the answer in unit ms>

Mission: Find the gravity of the unknown planet.
Mouse drag to exert vertical pressure on the block.

ESC to return to main menu.

Use F = py,Wyg — ppVbg ,

When equilibrium, p,V,g9 = py, Vg => pp = % Pw

F/A = p,hyg — pphpg

F
a
g= 5
Pwhw — §pwhb
Example:
When h,, = 0.15m, = = =600 N /m?
—600
g =

5 =12 m/s?
1000(0.15 - 50.3)

3k 3k 3k ok %k o ok %k ok %k %k k End of Paper % 3k 3k 3k ok ok %k %k %k %k %k ¥
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