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2024 [FAM Y EEEESR
2024 XMUM Cup Physics Competition
for Secondary School

Question Acceptable Question Acceptable
answers answers
1 0.36 16 48
2 2.5 17 1.2
3 31 18 1.6
4 8.2 19 41
5 65 20 -0.14
6 2.8 21 80
7 11 22 8.4
8 0.49 23 1.9
9 4.4 24 50
10 1.5 25 7.4
11 40 26 0.38
12 6.3 27 0.51
13 2.3 28 0.15
14 0.75 29 0.84,0.85 or 0.86
15 65 30 24.25 or 26
Topics Questions No. Questions
Mechanics 2,3,4,5,6,7,8,9,11,29,30 11
Thermal Physics 10,12 2
Electromagnetism 19,20,21,22,23 5
Electronics Circuit 15,16,17,18 4
Modern Physics 24.28.26,27,28 5
Waves 13,14 2
Measurement 1 1
Total 30
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Questions 1

A light year is the distance that light travels in vacuum in a year. If the speed of light is
3.00 x 108m/s, convert the distance 3.40 X 1012 km in unit of light year. Use 365 days/year,
24 hours/day.

—HERAEREEZF—FHNAEENEE. EXEESFHNEREA3.00 x 10%m/s, EH
3.40 X 10" kmPIBE B #L IR AL . 5 365 R/EE, 24 I\EH/K,
Ans: 0.36

3.40 X 105m

s hour day
24
hour day year

p— = 0.36 year
3.00 x 108? 3600

Question 2

A ball is dropped from rest at 30.6 m above ground level. Neglecting the air resistance, find the
time in seconds the ball takes to reach the ground.

—NNIRMEEBHE 30.6 m S4F RN, BRRESEN, KOBEHPAIFNRE (IX
MABAL)

Ans: 2.5
1
= — tz
y 29
30.6 = 198t2
. _2 .
t=25s
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Questions 3

If M = 3.6 kg, is hanging by the string in equilibrium as shown in fig. 1. Find the tension in string
AB in unit N.

AR M = 3.6 kg, UAZBFELTIE | PonayFEIRZS, KoZ AB RRSKS], 44
B,

A
50° 30° C

B

M

Fig. 1
Ans: 31

A

40
80°\. B

60°

M

The tensions in three of the strings form a triangle ABM as shown in the figure. Using Sine rule,

Typ _ Mg
sin 60° sin80°
T —36><985in60O =31N
AB " sin 80°



Confidential

Question 4

When a horizontal force F = 24.6 N is applied to block A, the three blocks A, B, and C shown in
fig. 2 are in contact and move with the same acceleration. The coefficient of kinetic friction
between each block and the ground is 0.2. Find the magnitude of the horizontal force exerted by
block B on block C, in newtons.

KN F=246N ERTHE A £, B2 i =Mk AL B A C, HHE#EMFFIU
HBRNINEEZF . FMESHEZENNEZRECS 0.2, K¥iE B 9 C iEina
IKERRRN, A BAL

Ans: 8.2

B
A |3.0kg|__C

F_—» 1.0kg 20kg|

Fig. 2

a_F—#g(mA‘*‘mB'i‘mc)

my +mp + me

Fpc —umeg = mea

F—Hg(mA+mB+mc)+
my +mp + mg *g

Fge = mc<

me
= F =8.2
my +mB + me
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Question 5

Two objects, Red and Green, start their motion at the same instant. Red is sliding down from rest
on a smooth slope, Green is thrown from point O. Both get to point P at the same time and at the
same speed. The initial height of Red is /# from O and distance OP = 1.62/4. Determine the initial
angle of the throw, 6 in degree.

WMNE, Ae5%6 ER—NZTEEE. IeaXENRHE FFBRIEET, fFEMS
O L. ENERIMABREERNE LS P, AEYWENVESEN h, BHEEE OP =
1.62h, KMEMYBRES (B &) .

Fig. 3

ns: 65
According to conservation of energy, the speed when red object reaches P
o2 = _
Smve = mgh - v =,/2gh
The time for the red to reach P is given by %O t=S5-t=25/v, where S is the distance on the
inclined plane.

For the projectile motion

vcos@t =O0P

2S
v cos O - = 1.62h

1.62h
cosf =——==10.81
2. S Jh% + (1.62h)2

0 = 64.8°




Confidential

Question 6

Fig. 4 shows the speed v versus height y of a ball tossed directly upward on ground. . In the figure
d=0.36 m, the speed at ya is va, and the speed at height yg is va /3. Determine the value of va in

unit m/s.

ARERTABER EMHNRNOER v EEEYyHXR. BEEJN036m, ESE ya
AREGREA va. ESE yp LREE A va /3. Kva BE, W m/s HEBAL

Ans : 2.8

Fig. 4

1 2
(§UA> =vi —2gd

8 2
§UA = 2gd

=2.817m/s

9%x2x%x9.8x0.36
UA: 8
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Question 7

A satellite is travelling above the equator of the Earth. Assuming that its motion is approximately
an uniform circular motion with period six hours, determine the altitude of the orbit in unit 10® m.
The Earth’s mass and radius are: 6.0 X 1024 Kg, 6.4 x 103 km.

—MPEAMIKFE ETETT. RRENENARBCABHANENIREBEIZEE, K
EEHNEE, W 10°m HEL,

Ans: 11
(R + 1) (2n)2 _ GMm
m T) — (R+ h)?
1
R+h= (GM T2>3
— \472
1
6.7 x 10711 6.0 x 10?4 3
h = (6 x 3600)% | —6.4x 10°
472
=10.6 X 10°m
Question 8

Find the drag force in N (Newtons) on a 0.05 kg body falling through the air at its terminal velocity
of 42 m/s near the surface on Earth.

K—PEREAN 0.05 kg (WA IERR AT IX 42 m/s FY2Z iR E T A T2 2 R9FR 77,
AN DB

Ans: 0.49

f=mg=005x98=049 N
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Question 9

A bead with mass 0.15 kg slides without friction down a track and then up to the point P at the top
of a loop as fig. 5 shows. The bead starts from rest at 6.0 m height from ground. The radius of the
loop is 1.5 m. Calculate the magnitude of the normal force on the track in unit N (Newtons) when
the bead reaches point P.

—MNREN 0.15 kg FUNEATEBNNERT, REBEILABIEH S Po /NIRM
PEEEME 6.0 m NS EFFIEFIRIEE). RPRERNFEER 1.5 m. HE/NRFAR P HH
XTHUBFTAEANRYE R DB RN, U N A B4

Ans: 4.4

Fig. 5

1
Emv2 =mg(h — 2r)

The normal force
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Question 10

An ideal gas undergoes the thermodynamics process abcd as shown in the fig. 6. Ta = 500K, Tq =
200K, p.=10° Pa and py = 4x10° Pa. In state ¢, 3V, = V.. Find the pressure of the ideal gas in state

¢ in unit 10° Pa.

HIFARSEZITNE 7 Bt #3388 abed, Ta = 500K, Ta = 200K, p.=10° Pa & pb» =
4x10° Pa. ZEIRZS ¢, 3Ve = Vo SRIBESARTEIRT c B9ER, [U10° Pa g B AL,

Ans: 1.5

pA (10° pPo)
J R EL Y b

400000 —F. 400000 — 100000

500 — P,/600 500 — 200
500000 — 400000 ;
P. = 1000 = 1.5 % 10° Pa
600 !
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Question 11

There are two identical balls of mass m=2.0kg suspended on two threads of lengths 1 = 1.0 m and
0.5 m. The threads are made of same material, and in their vertical position the two balls touch
each other. If the ball hanging on the longer thread is released from an initial angle exceeding 68 =
58° with respect to the vertical, then the thread breaks just before the collision. What is the
maximum initial angle from which this ball can be released, so that non of the threads break after
the totally elastic collision?(in unit of degrees.)

AW IREMEEN/NK, FEA m=2.0kg, 23FEAKEA 1.0 mF 0.5 m IRIRE

F. XWREBERBNHRIFIR, AENEENENNRBEELEHM, MRSEERKELE

B NERMAEXS FEE FT 8T 0 = 58° E’]%)]ilL‘%J?hﬁf{ BAERMER LR, KAT

AT HMRMERZFEEAT—REAWHE, XNMNKTUBERNSRAVEAENESD?
(MUE A4

Ans: 40 ,-J

The speed before collision Fig. 7

1 2
mgl(1 —cos@) = Emv

v = \/Zgl(l —cos )

The centripetal force in string 1
2

v
F = m—- = 2mg(1 — cos 6)
After elastic collision, the centripetal force in string 2

2

F,=m
2 0.51

=4mg(1 — cos 0)

This force need to smaller than the the critical force
F, < F,
4mg(1 —cosf) < 2mg(1 —cos b;)

9>1+1 9—1+1 58°
cos 5 t5cosbc =2 +5cos

6 = 40°

10
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Question 12

A 30 g lead bullet at 0 °C moves at 375 m/s and strikes a block of ice at 0 °C. What quantity of
ice in gram is melted if all the kinetic energy of the bullet is converted to heat? (Given latent heat
of fusion of ice is 334 J g~1 and the specific heat of lead is 128 ] kg~ °C~1.)

— B A 30 g RIS 0°C T 375 m/s (OREIBR), Frirh—1k 0°C AYUKER, 20REE
ST A AR ARE, ALZORNKESRL? (EFKRELERA 334971,
AL RB N 128 J kg™ °C™h)

Ans: 6.3

1
m;L = zmv

2

1
m; =5 (0.03) (375)% g

=63g

Question 13

For a wave travelling along a straight line, the difference between two points in the same phase is
9.2 m, while the distance between two points that are in the opposite phase is 3.45 m. Find the
possible value of the maximum wavelength in unit of m.

ST RELERENE, BREMAR NS ZENEE A 92 m, MHERMEMHEN S ZEH
BEEE N 3.45m, KRERFEKNTUEE, BAAH m,

Ans: 2.3

Two in phase points nA = 9.2

Two opposite phase points mTA = 3.45

n_ 92 4
m 69 3
The maximum possible wavelength is 4 = % =23m

11
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Question 14

A traveling wave is represented by a wave function
y(x,t) = (0.05m) sin[% (x —0.20 ms1t)].

When t = 0 s, the first crest of this wave function on the positive side of the x-coordinate origin is
located at where? In unit of m.

R R AR R Ean ™
y(x,t) = (0.05m) sin[% (x —0.20 ms™1t)].
Ht=0s B, WKREE x LIRRREMAE—NREMTRMMIB? X m HEAL

Ans: 0.75
Whent=0

y(x,0) = (0.05m) sm[ (x)]

The first crest happens at x = 'Zl = 37 = 0.75m

Question 15

Circuit in fig. 8 below shows a combination of series and parallel resistors connecting to a battery
with emf = 7.8 V. Find the current value 7 in the circuit given. Give the answer in unit mA.

B 8 MBI E R — AR SHEMNEERREE BB A7 VHNEM, KEEPNBETE .
A mA AHEAL,

Answer: 65

(60Q/720 ) +25=40Q e gm 4
(50 Q+30Q)//20=16 Q {
16Q+24 Q=400 v | wof  wad
40Q//40Q=20Q wag l

200+ 100Q=120Q
Fig.8
Ohms law: V =1R
1i=V/R

=7.8/120=65mA

12
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Question 16

A constant current of 2 A flows through a light bulb, and the bulb dissipates 0.96 kJ of energy in
the form of light and heat over 10 seconds. Calculate the potential difference across the bulb in
unit V.

—XTEE I 2A RIEE IR, ~UB7E 10s UEHIZA AR T 0.96 K HVgEE ., THEZW
ITEREAE. XV A8,

Answer: 48
The average power dissipated is:
P =960/10 =96 W
The voltage drop is:
v=P/i=96/2 =48V

Question 17

Determine the resistance in Q of a wire made of a material with a resistivity of 9.42x10* Qm is
its length is 2.50 m, and its diameter is 0.50 mm.

K—SLHBEEE Q hEBA, SEMBRIBEERY 9423108 0m, KEX2.50m, HR
7 0.50 mm,
Ans: 1.2

R—pL—942><10—8 25
AT 7(0.25 x 1073)2

=120
Question 18

A capacitor with a value of 8.0 pF is applied with a voltage of 20 V. Calculate the energy stored
in the capacitor when fully charged. Give the answers in nJ.

S AE Y 8.0 pF MEREL 20 VIEBAIE, HHERTREEHETHEE. M

fiL,
Answer: 1.6

Energy stored, E =% (CV?) =% x 8.0 x 1012 x 20 = 1.6 nJ

13



Confidential

Question 19

A charge Qa =20 uC is located at coordinates A (-6, 4, 7), and a charge Qg = 50 uC is located at
coordinates B (5, 8, -2). The distances are given in meters. Assume the permittivity of free space,
g0 = 10?/(36m) F/m. find the magnitude of the Coulomb force in mN ( milliNewtons) between the
charges.

LT Qa =20 nC BHALIRE A (-6,4,7), BHF Qs =50 uC B AELITE B(5,8,-2). BE
2K AHEAR, REZSBAR g = 10°/(36n) F/m. RWBEGER RN, U mN B#

fiL,
Ans: 41
Q.0

- 41egR?

R? = (5-(-6))* + (8-4)* + (-2-7)> = 218, hence

_ 50 x20x 10712

109
9

= 41.3mN

X 218

Question 20

Three point-charges are arranged along the x-axis. Charge qi1 = +3.0 uC is at the origin, and charge
g2 =-5.0 uC is at x = 0.18 m. Charge q3 = -8.0 puC. Find the position of q3 in meters such that the
net force on qi is 7.0 N in the negative x-direction.

Assume the permittivity of free space, g0 = 10”/(36m) F/m.

EANRBEHENE x ML, BEq=30uCERS, BE q@=-5.0uCfE x=0.18m,
B7er q3 =-8.0 uC, KEB T s N EFFBER i AIRERE 1A 70N @A,

HESSHAK g =107/(36n) F/m. 4= —804C | Fy=417N 92 = —5.0uC
Ans: —0.14 F;=:11.17N q1 = Er3.o;u: °
F, = 10_3 AN 417N
5 X 0.182

Net Force = Fo+F3 =-7N, F3=-7-4,17=-11.17N. Hence
4me 3xX8
r= [ ‘I’:Qle = |15 = +0.14m
3 5 X 11.17

14
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Question 21

A particle with a charge of q = -6.00 x10” C is placed at point A in a uniform electric field. The
particle starts from rest and moves to point B, which is 5 meters away, gaining a kinetic energy

of 3.00 x 1077 J. If the electric potential at point A is +30.0 V, find the electric potential at point
B in volts.

HITHEE q=-6.00 x10°C, WEMATRBZTH A 5. RFHEEILEFHEEZHE Sm
SN B EJE, KRBT ERE3.00x 1071, &S AMBEAIA30.0V, K BRBAL, UV
HEBAL

Ans: 80

Potential Energy = q(Va-Vg) = Kinetic Energy, KE

Ve =Va—-KE/q=30-3x107/(-6x10°)=80 V

Question 22

A deuteron (the nucleus of an isotope of hydrogen) has a mass of 3.3 x 10-?” kg and a charge of q
= 1.6 x 10" C. The deuteron travels in a circular path with a radius of 6.93 mm in an uniform
magnetic field with magnitude 2.50 T. Find the speed of the deuteron in units 10° m/s.

— MR (BRMNZENETZ) REAN33x107 ke, BREEHN q=1.6x10"C, ZE#
NBRE A 2.50 T S# T, TEOBFEREH 6.93 mm WEAFHIEIZE). KAZHIE
B, BL10° m/s AL,

Ans: 8.4
a[vB = muv?
B qBR B 1.6 X 10719 % 25%x6.93 x 1073 8.4 % 10°
VST T 33 % 10-27 = 84x10"m/s
Question 23

A particle of mass 0.195 g carries a charge of -2.50 x 10 C. The particle is given an initial
horizontal velocity that is due north and has magnitude 4.00 x 10* m/s. Determine the magnitude

15
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of the minimum magnetic field in Tesla that will keep the particle moving in the earth’s
gravitational field in the same horizontal, northward direction. All resistant forces are negligible.

—NETEN 0.195 g BIKLF A AT -2.50 x 10° C o 200 T4 T WIaKF 2R > J71m0
EAE R/ 4.00 x 10% m/s o SKESZHFIEHERS | 15 IrER SR K IESL 7 [
SRR IR MRS - AN T - ZREFTATREST -

Ans: 1.9
mg = |q|vB
mq  0.195x 1073 x9.8
=—= = 1.91T
qu 2.5%x1078 x4 x 10
Question 24

The yellow light of wavelength A = 589 nm is registered by the human eye when the minimal
power of radiation at the retina is equal to P = 1.68 x 1078 W. In this case, how many photons
hit the retina in one second? Give the answer in billions (10°).

A A = 589 nmBYE B N A RIEW B, WAL F BTN NS/ MES TR b
P=168 x10°W, ZXHERT, SHHELHOIAT & PANB? FUHZ (10°)
HEMNGEHEER,

Ans: 50

Solution:

In one second, the eye absorbs energy E = 1.7 X 1078 J.

hc  6.6x1073%)s3x10%m/s

Each single photon has energy E1 = = = 589 x 10-9m

=0.0336 x 10717,

E 1.68 x1078
So, there are — = ———
E1 0.0336 x10~17

= 50 x 10° photons (rounded to fifty billion).

Question 25

Radiation of wavelength 4 = 0.005 nm is scattered from free electrons. What is the wavelength
of the rays scattered at the angle of g? Give the answer in unit of pm (picometers).

16
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A ML =0.005 nmPVESTH BB FRE, KESA ﬂﬂgﬁﬂﬁﬁffﬁ’\]i&&, ERApm AE
Lo

Ans: 7.4

Solution:

This is the case of Compton scattering. The Compton formula is A’ = 1 + % (1 — cosb).

In the present case (8 = pi/2) and therefore the original wavelength is increased by the Compton
wavelength

h
Ao =——=242%x10"1%m = 0.00242 nm
mc

The new wavelength is ' = 0.005 4+ 0.00242 = 7.42 pm.

Question 26

Given the ionization energy of a hydrogen atom 13.6 eV, how much energy is required to remove
the electron in n=6 orbital outside the hydrogen atom? Give the answer in unit eV.

EMSRFHIIFER A 13.6 eV, BBRERETFINEE =6 EE LB FEEZ PHIRER"
X eV HEBAL,

Ans: 0.38

Solution:

According to the Bohr model, the electron energies in hydrogen are quantized as follows
1
E, =—-13.6 3 ev

In this notation the electron becomes unbound at energy zero. Therefore, the energy to remove it
from n=6 state is

1
~Eg =136 = 038eV

Question 27

In an experiment of photoelectric effect, Sodium surface is bombarded by photons. Given that
work function of Sodium 2.42 eV, find the cutoff wavelength in unit gm (micrometers).

17
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E—RBEIFERS, £ERINRAELTFEDR. CHRNINREA 242 eV, KE LK
K., DumAEAL,

Ans: 0.51
Solution:

E=hf-¢

0 hc

=3 @
. hc 6.6 x1073* x 3 x 108 & 10~ 051
= —= = X = V.
¢ 242x16x 1019 m Hn

Question 28

Determine the de Broglie wavelength of thermal neutrons at room temperature T = 280 K. Their
kinetic energy is %kT , where k = 1.38 X 10723 /K and the mass of a neutron is m =

1.65 X 107%7kg. Give the answer in unit nm (nanometers).

KRR FHERE 280K NERTREK. ?&¢%E"J$i’€liﬂﬁﬁﬁﬂgkf Hk=138x
10723J/K, HFFREAmM =1.65 X 107 %7kg. ZF UK nm B{],

Ans: 0.15

Solution:

2 2
The kinetic energy is ng =L L

2m  2m A2

From here the de Broglie wavelength is

A h= 6.6 x 10734
V3mkT +31.65 x10-271.38 x 10-23 280
6.6 X 10734

T 4373 x 10-25 0.15%x 1072 = 0.15 nm

Question 29

Solution:

18
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The velocities of the wall before and after collision are considered zero. So,
A
gl
V(1 - cos6,)
VA -cos6)

6, and 6,, are the maximum angles before and after collision.

0, 0, €

60 51 0.861
50 42 0.848
40 34 0.855
30 26 0.853
20 17 0.851

Ans: 0.84,0.85 or 0.86

'ﬂ....m...m#ﬁ’-ﬂ

Mission01: Find the coefficient of restitution.
Mouse drag to exert move the bead.
Enter to start or stop the stopwatch.

Question 30

Solution:

19
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M 10T T2
0.10 7.1 0.5041
0.12 7.64 0.5837
0.14 8.14 0.6626
0.16 8.59 0.7379
0.18 9.06 0.8208
0.20 9.52 0.9063

T2vs M
! r
0.8 y =3.9967x + 0..1.().:.%.1._..0..-
:g 0.6 .-......
— 0.4
0.2
0
0 0.05 0.1 0.15 0.2 0.25

M/kg

,  Am?

2
The slope is % = 3.9967,

2
The y-intercept is — Merr = 0.1031, so we get m.rr = 0.0258 kg = 26 g

Ans: 24,25,26

41T

Stopwatch
0.0

Mission02: Find the effective mass of spring.
Mouse click to select mass.

20
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