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Hod 3

2022 XMUM Cup Physics Competition for

Secondary School
Question Acceptable Question Acceptable
answers answers
1 4.5 16 3.9
2 12 17 20
3 45 18 12
4 28 19 2.7
5 5.6 20 1.4
6 13 21 0.64
7 600 22 1.2
8 3.8 23 0.49
9 5.7 24 1.5
11 34 26 0.75
12 88 27 1.5
13 29 28 3.7
14 7.8 29 4.5
15 0.84 30 1.5
Topics Questions No. Questions
Mechanics 8,9,10,11,12,13,14,15,16,29 10
Thermodynamics 2,3,4,5,6,7,30 7
Electromagnetic 18,19,20,21 4
Circuit 22,23,24,28 4
Modern Physics 25 1
Optics 16 1
Waves 15,17 2
Matter 1 1
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Question 1

HAEE—D 45 kg ZEFERSERTHEE. RRAGTEHKD TAR, KD T
MaFEHR180gmolt, BNKAFER I NETF. ERNEWERST, —ERYR
2H 6.0 x 102N 0F). BRIV EFRARNHRE 2 NHEREF.

Estimate the number of atoms in the body of a 45 kg student. Assume that the human body is
mostly water, which has molar mass 18.0 g mol™, and that each water molecule contains three
atoms. (Avogadro’s number=6.0% 10 23 molecules per mole.) Give the answer in unit of
10 27 atoms to 2 significant figures.

Solution:

45
== . X 3
number of molesn 18 < 103 2.5 %X 10° mol

Each water molecule has 3 atoms, so, total number of atoms for n moles of water is
N =3x(25x 103)(6.0 X 1023)
= 4.5 x 10%7

Answer : 4.5

Question 2

0.250 mole R SARRIAR LY = 1.40, NEER i RHBEREKEFLES . EFS
FIERS | BEIRA 20x 1078 m®, FRES f ERFEBRDHA 9.0x107° m* &
L5atm, WESAEFES I ER. HRM atm ARMNFREE 2 HFHEHF.

0.250 mole of an ideal gas with heat capacity ratio y = 1.40, expands from an equilibrium state
i to another equilibrium state f through an adiabatic process. Given the volume of the gas at
state i is 2.0 x 1073 m3, the volume and the pressure at state f are 9.0 x 10~ m3 and 1.5 atm,
respectively. Calculate the pressure of the gas at state i. Give the answer in unit of atm to 2
significant figures.

P/atm
Solution:
P;
For an adiabatic process
Y _ 14
PV = PV
0.009\**0 15
P, = 1.46 (——
' 6 (0.002)

=12 atm

Answer: 12
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Question 3

ITHE 8149, —5.0 °C FykKERIARRAK 50 °C MKETHRER A E., TR KI BRI
RE 2 NFREF. (EHKHRAEHH2050 J kg™ K™, KAJLE#HH4184 kg™ K™,
B 334K kg™h)

Calculate the heat absorbed to convert 81.4 g of ice at —5.0 °C to water at 50 °C. Give the
answer in unit of kJ to 2 significant figures. (Given specific heat of ice 2050 J kg~ K71,
specific of water 4184 J kg~ K™%, heat of fusion of water 334 k] kg™1).

Solution:

Qtotal = Qice + Qice to water + Qwater
=81.4 % (2.05x 5+ 334 + 4.184 x 50)
= 45050 ] = 45kJ

Answer : 45

Question 4

M 900 °CHYIR MR B, — 0.45 kg AYERIRII 10.0 kg, 24.0 °CHY7K e, RIRIIEFRE
IRk, REMRSKHOFEERE., GRRMELH A 449 kgt eC?, KELL# A 4184 )
kgt CH BEREMCHRMBRBE 2MUBEREF.

A 0.45-kg iron bar is taken from a forge at 900 °C and dropped into 10.0 kg of water at 24.0
°C. Assuming no energy is lost as heat to the surroundings as the water and bar reach their final
temperature, determine the final temperature of the water-bar system. (Specific heat of iron is
449 J kgt °C1; Specific heat of water is 4184 J kg °C ). Give the answer in unit of °C to 2
significant figures.

Solution: No heat loss
Qiron + Qwater =0
0.45 x 449(T; —900) + 10 x 4184(T; —24) = 0
Tr = 28.2°C

Answer: 28
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Question 5

—M L, —ANTEWYIBIRNFEERMNNERAE 110 W, k1 #Eﬁﬁﬁﬁﬂﬂﬂ’]*ﬂ
TEWHEFNS IR, ZSALEHH 1020 J kg™ K, AR 1.20 kg m®, iXfh
B 25 AT 1200 B EF LIRS0 H4hfE, HEHESNEES EFAZD,
ERUK ABRMURBE 2B F.

A typical student listening attentively to a physics lecture has a heat output of 110 W. Assume
that all the heat released by the student is absorbed by the air in the classroom. The air has
specific heat 1020 J kg K and density 1.20 kg m™. Estimate the rise of temperature of the air

in a classroom of volume of 1200 m® occupied by 25 attentive students after a 50-min lecture.
Give the answer in unit of K to 2 significant figures.

Solution: The total heat release by 25 students in 50 minutes is
AQ = NAtP = 25(50 x 60)(110) = 8.25 x 10
The total mass of the air in the room is
m = pV = 1.20 X 1200 = 1440 kg
So, the temperature raises

AT_AQ_ 8.25 x 106 ek
" mc 1440 x 1020

Answer: 5.6

Question 6

—¥42H4 1.0 cm WERESEEHE 20 mIRARER, ¥HEE A 285 K, EAHEAYER
EAH300K, KSEH 1.0 x 10°Pa, KEZE A 1000kgm3, EHNEE R 9.8m s~ 2,

HEREASEENER. (RERVBFHENER[UE, £ EFAIRP—ELT
R, ) BREU o’ R EMREE 2 UAREF.

A spherical air bubble of radius 1.0 cm is released 20 m below the surface of a pond at
285 K. Given that the temperature at the surface of the pond is 300 K, atmosphere pressure is
1.0 x 10° Pa, the density of water is 1000 kg m™, gravitational acceleration is 9.8 m s~2,
calculate the volume of the bubble when it reaches the surface of the pond.(Assume that the
gas in the bubble is an ideal gas and in thermal equilibrium the whole time.). Give the answer
in unit of cm?3 to 2 significant figures.

Solution:

From ideal gas law
PL-> T¢
=) ()
! L(% T;

P, = Py + pgh

because
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Pf = PO
So
41t 1.0 x 10° 4+ 1000(9.8)(20)\ /300
— 3 — 3
=50 < 1.0 x 105 (285) 13 em
Answer: 13
Question 7

HIRAESIRIEARTIH 40 L (9Bt > [F384 1.0 x 105 Pa, RIBAESAREEHEE.
ERZUNIARNRBE 2NEREFE.

The pressure of an ideal gas inside a container with volume of 4.0 L is 1.0 x 10° Pa. Find the
average kinetic energy of the ideal gas. Give the answer in unit of J to 2 significant figures.

Solution:
From ideal gas law

PV =nRT

3 3
Ex =5nRT =2 1.0 X 10° X 4.0 X 107 = 600 ]

Question 8
— R FARAEFZE 4.00 m EEIE L ISIHNE 4.80 ms?EER, MR FHSMEE
73 6.00 ms? fRRRS, HERZZ/A? BERMms ' HRMRBE 2 NEHEF.

The speed of a particle moving in a circle 4.00 m in radius increases at a constant rate of 4.80
ms2. At the instant when the magnitude of the total acceleration is 6.00 ms, what is the speed
of the particle? Give the answer in unit of ms™~! to 2 significant figures.

Solution:

The centripetal acceleration is

Answer: 3.8
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Question 9

A, B FBBRHRESD B Am, = 0.50 kgflmg = 0.30 kg, BUEEu, = 3.7 mst Rug =-
20ms™ (RS MEIFIE, RIESHEE, BAEX AMEEREZ)? ERMms T HBENREE
2 RIEWEF

Two gliders, A and B with masses m, = 0.50 kg, moving at velocity u, = 3.7 ms?, and mp =

0.30 kg, moving at velocity uz = -2.0 ms collide head on and elastically. What is the velocity
of B relative to A after collision? Give the answer in unit of ms™? to 2 significant figures.

Solution:
The coefficient of restitution is 1 for elastic collision,

VUpa

E= ——
Upa
vpa = —(ug —uy) = —(=2.0-3.7) =57 ms™*

Answer: 5.7

Question 10

—/INEIN—TFRENHOHBFEETE. AAEERPVNEFFTEALTERE 314 s &
i, BREFSESSTHHNERZANEME 300 ms?, EAMEFI8ms 2, ALZMNE
SEEATURBE. TEHNARE. EREUmARMEREE 2 NERIRF.

A stone is dropped from rest into a dry well. The sound of the stone hitting the bottom is heard
3.14 s after dropped. Assuming the speed of sound in air is constant at 300 ms™ , gravitational
acceleration 9.8 m s~2, and air resistance on the stone is negligible. Calculate the depth of the
well. Give the answer in unit of m to 2 significant figures.

Solution: Let t; be the time taken for the stone to fall into the bottom, and t, is the time the
sound travels from the bottom to the top of the well. H is the depth of the well

t1+t2:T

2H H
__|__
g u
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u 2 2 AT
Jﬁz——f;—F+——
2 g g u
300 2 . 2 +_43.14
N 2[ 9.8 9.8 30&

H=439m

Answer: 44

Question 11

ZEE—REEAH31x107°g MERMNANRMSEKE L. BRNEEHINDHER
R, BREERMOBEIBAERE 20 x 107> m f9ERkF, WE 2 Frr. ERKBREK
ANFEEHH0.072 Nm ™, BHIEE 9.8 ms™? HEREK N SKFEAER 0. BRI
AEABRNAREE 2NNEREF.

Consider an insect of mass 3.1 x 10~3g standing on water surface with its six legs. The weight
of the insect distributes uniformly to the six legs. Assume that the base of the insect’s leg is
approximately spherical in shape with a radius of 2.0x 10~°> m, as shown in Fig. 2. Given the
surface tension of water is 0.072 Nm™1, gravitational acceleration 9.8 m s~2, estimate the
angle 6 of the surface tension to the horizontal. Give the answer in unit of degree to 2
significant figures.

|
)

Fsu rface tension
o

water

Ny [

Figure 2
Solution:
Fsing = -
sing = =mg
o _1mg 1 31%1076x9.8 ose
S = TF T 62m2x10-5 %0072

6 =34°

Answer: 34
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Question 12

Kathy 1 Tommy 3 7E—E2HTIMFE L. FENEES 36 N, Kathy 1 Tommy fJ5&
27774 400N X 500N, Kathy FREERR, BLFEERTIREINBRAKRTEFEE
¥z, E 3R, 3K Kathy SESESHEMEIMARN. ERUNABNRBE 24T
BEF

Kathy and Tommy stand on a uniform platform. The platform weighs 36 N. Kathy and Tommy
weighs 400 N and 500N, respectively. Kathy is keeping the platform in balance in the air by
holding the rope from a set of pulleys which are attached to the ceiling as shown in the Fig. 3.
Find the downward force that Kathy exerting on the platform. Give the answer in unit of N to
2 significant figures.

O Pulleys set
Q

? Kathy, 400 N

Tommy, 500 N

metfurm =36N
Figure 3
Solution:

U T '

' | |

I )

: Pulley,

Tommy, 500 N : : T |

) e
| Kathy. 400 N : 21 j
N A A , - !
: ] 1 : [ | | Platform
i - [}
' % 36N :
: 500N (Tom) n (Kathy) I
I

2T =500+ 36+n
n=400—-T
n = 88N, T=312N

Answer: 88



Confidential

Question 13

—HENREAM =500kg, REARMKFKRD T, AiEFELHE-—TREIM=
1.00 kghyFE k. FEREHEZ BIMBERRE Aus = 0500, HEESHENERT
TR, EAIMEEI8ms™?, RERAREHERE LBNNRKKT . HERYUN
AHENRBE 2NEREF,

A trolley of mass M = 5.00 kg is being pulled to right by a horizontal tension T. On top of it
sits a block of mass m = 1.00 kg. The coefficient of static friction between the block and the
trolley is pug = 0.500. If the friction between the trolley and the ground is negligible,
gravitational acceleration 9.8 m s~2, find the maximum tension T so that the block does not
slip over the surface of the trolley. Give the answer in unit of N to 2 significant figures.

m

Figure 4
Solution:
fs = ma,

T — f;, = Ma.

r=(147)
= m Hsmyg

ol

.0

= (1 +—0) 0.5x1.0x9.8=294N

—_

Answer: 29
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Question 14

—REA MAARRMK L = 1.25 m W2 BEE—E] L. AEEEREN, EFEASR
S THEEERLEFRARZ, HERBSNRNERZAZD? (ENMEE

98ms™?) ERM ms U ABRMREE 2 NFHEF.

A block of mass m is suspended freely from a nail with a string of length L = 1.25 m. Without
considering any resistance, what minimum speed of the block at the bottom is required to
maintain a circular motion in vertical plane? (Take gravitational acceleration 9.8 m s~2) Give

the answer in unit of m s~ to 2 significant figures.

Solution:

By conservation of energy

When the block is at the apex,

For minimum velocity vy, T =0

vy =+/59L = V5% 9.8 % 1.25 = 7.83 ms™?

Answer: 7.8

Figure 5

—mvd = ~mv? +mg2L
vao = va mg

v? =v§ —4gL
vZ

T =m—
+mg mL
Lg = v§ — 4gL
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Question 15

RZEHEA ARG BAGHARGEER=32m, HAAKNREIM=7.1x105Kg,
A B ARE S oM. S FHE A ROARRE 10R BHARXIEELE, 20 6 iR, WRAET
H3lNMEmED, KEBRAL LB —BRE, RANADE. BRN I HBER
BE 2ARMT. (FH3H%%K6.67x 107 Nm’kg 2, )

Two spherical asteroids in space have the same radius R = 32 m. Asteroid A has mass M =
7.1 x 10° Kg and Asteroid B has mass 2M. The two asteroids are relatively at rest when the
distance between their centres is 10R, as shown in Fig.6. The two asteroids move towards each
other due to the gravitational force. Find the kinetic energy of the system at the instant just
before they collide. Give the answer in unit of J to 2 significant figures. (Gravitational
constant 6.67 X 10" 11Nm?kg~2)

o 2M
" D"
- 10R
M @ M
e
2R
Figure 6
Solution:
Conservation of energy gives
GM(2M GM(2M
_GM@m o _eMem
10R 2R
E AOME_ 6.67 x 10711 x (7.1 105)21
= —_ = — X . X X . X —
k"5 R "5 32

=0.84]
Answer: 0.84
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Question 16

R84 800 g I AR Tim N TEZE NN RERERE £, AEH LinUKFRSZ
NEEAESEEMRAS A, NE 7 Frm. KBKFEZNKND. RENMEE
98ms~?, HEREMUN ARNREE 2UBEHEF.

The lower end of a uniform bar of mass 800 g is attached to a wall by a frictionless hinge. The
bar is held by a horizontal string at its upper end so that the bar makes an angle of 45° with the
wall, as shown in Fig. 7. Find the tension along the string. (Take gravitational acceleration
9.8 m s~2) Give the answer in unit of N to 2 significant figures.

String

Figure 7

Solution:

vFrictionIess
hinge

From torque balance

L
Mgisin 45° — FyL cos45° =0

1
Fy = EMg tan45° =392 N

Answer: 3.9

Question 17

—IHE AR ER LR A S0 HZz NFEK. MEBREEZETRRFME. BIR
T E A9 ESRE Z 490 Hz, {RIEXTREMEREZD? RE[PHFERER A 345 mst. &
KU ms T HEMREBE 2UHERHF.

A stationary car is emitting sound waves of frequency 520 Hz. You are on a motorcycle,
traveling directly away from the car. What speed must you be traveling if you detect a

frequency of 490 Hz? The speed of sound in air is 345 ms™. Give the answer in unit of
m s~ 1 to 2 significant figures.

Solution:

Using Doppler effect

vt
RS
f. 490 B
1%=v(£—1>=3%(55—1>=—499ms1

Answer: 20
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Question 18

—EBRXUARBENGKE JEE R T A GRIRL, mEITHLHNK PR
—IWIBTE RHE R RN ERIRIE. ERKMBIRFRAFTHERDFIA 1.33 F 1.53, KK
BB SKEAKA, 0. BERUAEARMREE 2MNEHEHF.

A beam of natural light is incident on a water surface at such an angle that the reflected light is
completely linearly polarized. The refracted light travelling in the water turns completely into
linearly polarized as well after reflected by the surface of a block of glass. Given that the
refractive indices of the water and the glass are 1.33 and 1.53 respectively. Find the angle, 8
between the glass and water surfaces. Give the answer in unit of degree to 2 significant
figures.

Linearly

Natural ]i‘ght polarized light

Air
Water
Lo  n=133
Figure 8
Solution:
The incident angle is the Brewster angle,
n, 1.33
tanfg = — = —— - 05 = 53.06°
ny 1

The angle the refracted ray makes with the normal to the air/water interface is

. sin QB
Og = sin"(——

= 36.94°
1.33) 36.9

The polarizing angle for the water/glass interface is

, 153 ,
tanfgz = 133 - 05 = 49.0°

Hence, the glass block is tilted from the water surface by 49.0 — 36.94 = 12.06°

Answer: 12
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Question 19

— KB F—KEE@ESE 75 0.10 mm &b, —FKH 542 nm B E HZTkEE >
&, TEEMLE 1.0 m RMEELEETHENE 9, TEERELTHROMEE,
BERMUmm B BMREE 2 UERET.

A narrow, horizontal slit is located 0.10 mm above a horizontal mirror. A monochromatic light
with a wavelength of 542 nm passes through the slit and forms an interference pattern on a
screen 1.0 m away from the slit(Fig. 9). Calculate the separation between two bright fringes
of the interference pattern. Give the answer in unit of mm to 2 significant figures.

Figure 9

Solution:

The light reflecting off the mirror creates a virtual source which is 0.10 mm into the mirror,
form a double slits separation of 0.20 mm. Hence

y
A=a=
m aL
Ay = 542 x 10-5 20 _ 571
y = 020— . mm

Answer: 2.7
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Question 20
L REA 0L =260 uC, G2 = -47.0 uC Z BB MR/ Y 5.60 N, B985
2507 BBEEH = 9.0x10° Nm?C2, HRMM Y EARBE 2AHHKF.

What must be the distance between point charges qi1 = 26.0 uC, q2 = -47.0 uC for the

electrostatic force between them to have a magnitude of 5.60 N? Take electrostatic constant
1

= 9.0 X 10° Nm2C~2. Give the answer in unit of m to 2 significant figures.

4TTEQ
Solution:
- 1 q19;
4‘7[60 F
_ (9.0 X 10?)(26.0 x 107°)(47.0 x 1079)
B 5.60
=14m

Answer: 1.4
Question 21

—H¥EZH17T0cmNANRSLE T YRS T. UHSRAEER, 2EA0.800T,
BT FE AT 0 B ERE 75.0 com st K48, SKIEIFAFHIA U FE 0% (8] A9 R Ry BB B0 35
ZEEUV HBUREE 2UERETF.

A conducting circular loop of 17.0 cm radius is placed in a uniform magnetic field. The
magnetic field has strength 0.800 T and is perpendicular to the plane of the loop.
If the radius of the loop starts to shrink at an instantaneous rate of 75.0 cm s, find the
instantaneous emf induced in the loop at that moment it starts to shrink. Give the answer in
unit of V to 2 significant figures.

Solution:

Using Faraday’s law

_d _Bd 2
S_dtd)B_ ac

_ZBdr
—nrdt

= 2m(0.80)(0.17)(0.75)
=064V

Answer: 0.64
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Question 22

10 W B RFEE qu=-2.80 X 10° C B g, = +2.80 X 10"° C 4 ZI3 B 7 x % _E -3.00 m
K +3.00m4b, K7y i EERES 400 m bR EBZBERN. FERIMLI0ONCA
BAREE 2 AAKEF. WBEHH,— = 9.0x10° Nm?C2

Fig. 10 shows two point-charges, g1 = -2.80 x 10° C and g2 = +2.80 x 10" C on x axis

x =-3.00 m and x = +3.00 m. Find the magnitude of the electric field on y axis 4.00 m away
from the origin. Give the answer in unit of 1071° N C! to 2 significant figures.

! —9.0x10°Nm2C2

4TTE

Take electrostatic constant

v 4.00m
—3.00m 3.00m
_G D_ g
q1 qz
Figure 10

Solution:

. 2q 1 d
 4mey \y? + d? [y2 ¥ 2

9.0 x 10° 2(2.80 x 10719)(3.00)
=90 X

3
(4.0%2 4+ 3.0%)2
=121x10"1°NC?

Answer: 1.2
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Question 23

— 13.0-g 4K L=620cm, KFEEHFETFT—IHELE Kl 11 Fror. —®E 4 0.42
TP IAIEANRE . RSLAHAZANB RN EEENKNISEET. RENIE
BEho8ms? BRMAARNREE 2 NHEREF-

A 13.0-g wire of length L = 62.0 cm is suspended horizontally by a pair of flexible ropes as
shown in the Fig.11. A uniform magnetic field of magnitude 0.42 T points into the plane. Find

the magnitude of the current required to remove tension on the ropes. Take gravitational
acceleration as 9.8 ms™. Give the answer in unit of A to 2 significant figures.

I_

I__;
o < ]
| L |
Figure 11.

Solution: The magnetic force on the wire must be upward and have a magnitude equal to
the gravitational force mg on the wire. Since the field and the current are perpendicular to
each other,

iLB = mg

~_mg _ (0.013)(9.8)
LB~ (0.62)(0.42)

=0494
Answer: 0.49



Confidential

Question 24
HEE 12 FEER I HNEE. ERUAABMREE 2 NHERIEF-

Calculate the current I that is flowing in the circuit shown in the Fig.12. Give the answer in
unit of A to 2 significant figures.

15v (*) 40 326Q 320

Figure 12
Solution:
Req=8+41(2+613)
=100
I = L =154
eq

Answer: 1.5
Question 26

&l 14 REEENFX S ENE t=0NFE, BINFEAHSVHNEBTFIRGEFTEAC=
60.0 uF (YA FRE ., FHEEHMNEEEBR=20.0Q, KEXZZTHEFHENEE. &
KU HRNRBE 2 NEREF-

Switch S in the Fig. 14 is closed at time t = 0, a battery with emf = 5V begins to charge an

capacitor of capacitance C = 60.0 uF. If the resistance R = 20.0 Q. Find the energy stored in
the capacitor after fully charged. Give the answer in unit of 1073/ to 2 significant figures.

Solution:

1 1
E =5 CV? =2 (60 x 107°)(5?)

2
= 0.75 x 1073

Answer: 0.75 R

emf |+
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Question 27
BHREAHERERPHUN FRNESHENAHEEFTHEUTAER

Ax A >h
xp_4n

HpAxMAp DRI AN BERNEBNAHEN, h hERTEE.

ELEZEH, RFESBEME— 1B FHNRPHTF YVEFRIEBREEFZPTER
FRBELHY. ERFEETRHFNIIHENT, HUBMAHBERAMANET
FRFZHRN0"m, RINEHREFAHEREBEED FNRNTIINE. (BFRE
A9.1x 107 kg, EHIREEH6.6 X 107 Js) ZRIN107° I ARMREE 2 IHHEK
F.

Heisenberg uncertainty principle states that the uncertainties of the position and momentum of
a microscopic particle satisfies inequality,

h
Ax Ap = i
Where Ax and Ap are the uncertainties of position and momentum, respectively, h is Planck
constant. In a B-decay, an electron and an anti-neutrino are released. Physicists have built
models of electrons inside a nucleus to explain S-decay. Assume that the average momentum
of an electron is zero in a nucleus and the uncertainty of the electron, Ax is about the nucleus
size 10~5m. Use Heisenberg uncertainty relation to lower bound mean kinetic energy of an
electron inside a nucleus. (Electron mass = 9.1 x 103! kg , Planck constant = 6.6 x 1073* Js)
Give the answer in unit of 107°J to 2 significant figures.

Solution:

2
Mean Kinetic energy is given by T = %, where brackets denote the mean. Since mean

momentum vanishes, we express the momentum variance as (Ap)? = (p?) — (p)? = (p?). The
_ (p)?
T oom

mean Kkinetic energy is therefore proportional to the variance: K Using the uncertainty

2
relation Ax Ap > h/2 we obtain the required lower bound K > Bh—x)z The kinetic energy

m (A
R?  1.113x107%%
mAx2 ~ 89.109x10-3110730

of a hypothetical electron inside the nucleus is therefore at least .
1.5x 1077 J.

Answer: 1.5
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6] 28 E 30 A REHSKEA, Z3HFETE \W%%?%HA?M@%EOTFMi%*
B, HRA BN ERKBAEXRBIELCREEHER. REFORILI, BEREAXNK
HIZ=HE .

Questions 28 to 30 are virtual experimental questions. Participants must enter the virtual
laboratory through an external link. In the virtual laboratory, obtain the relevant data
according to the requirements of the question and use the data to calculate the correct
answer. Finally, return to this page and fill the answers in the corresponding box.
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Question 28

Objective: Find internal resistance of a battery. Give the answer in unit of ( to 2 significant
figures.

According to Ohm’s law, the potential difference, IV across a resistor is proportional to the
current, I that flows through the resistor. The proportional constant is the resistance, R of the
resistor.

V =1IR
In this experiment, a rheostat is connected to a battery with an internal resistance, r. The
objective of the experiment is to find the value of the internal resistance by measuring the
values of current and voltage for different values of external resistance.

In this virtual laboratory, you can,
1. use mouse right button to rotate the angle of view or switch the scenes between table and lab

by clicking the button “Show Table” or “Show Lab”.

2. show or hide equipment labels by clicking the button “Show Labels” or “Hide Labels”.
3. use mouse left button to drag the two wires(red and blue) of voltmeter to the positions that
you want to measure the voltage.

4. turn on or off the battery by clicking the button on the battery.
5. turn on or off the voltmeter by clicking the button on the voltmeter.

6. adjust the value of rheostat by dragging the sliding bar at the right panel.

Resistance:1.00 Ohms

Voltmeter: 0.000 V

Ampmeter: 0.000 A
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SKIG B AY: SKEMAAEME., BERUQABAREE 2 UFHERTF.

RIBER M EE, BIEBMHANEMNEVIELL TR EEBERI, LBHIFELEENABME
2REYEERA{E R,

V=IR
F B, —OTFERES— P EERERErNEBEEE, SEENE2RTNERE
SMEPREMNEASHEEREEBMAIANBAE.

ARXEKEES, RO

1. FRBRABIEEN A R ER%E “Show Table” 5 “Show Lab"k Pk R @mAILL =
N7} -g8

2. RtZ$ “Show Labels” B “Hide Labels”>k B 75l PR (L 28 FIFRE
3 EABRARERERITHREASLUANB)ERENEBENMNE.
4. REEM ARk BRI B,

5. mirB Eit L MtRAR BE B ELT.

6. R AN EHIE BB RIEE R AR AEIE.

Solution:

emf =V +Ir
Vg =emf —Ir
The potential difference across the external resistance, Vy is linearly proportional to current, I
with the internal resistance, r as the slope. By measuring two sets of data (I3, V;), (I,,V5), we
can calculate the internal resistance.
V-1
L =1

r=|

Ans: 3.7
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Question 29

Obijective: Find launching speed of a projectile. Give the answer in unit of ms™* to 2
significant figures.

If the air resistance is negligible, we can obtain the launching speed, v, and angle of a
projectile, 8 by measuring the trajectory of the projectile.

1 g
Y~ Yo =tan9(x—x0)—zm

(x — xo)z
Where g = 9.80 m s~2.

In this experiment, you are given a projectile launcher and a height detector which is
movable along a horizontal trail. The angle of the launcher is adjustable, but the launching
speed is always fixed. The mission of this question is to find the launching speed from the
information of the projectile’s initial and final positions.

In this virtual laboratory, you can,

1. move the height detector by dragging the sliding bar at right panel.

2. increase the launcher angle by clicking the button “Increase angle” or press key “ q”.
3. decrease the launcher angle by clicking the button “Decrease angle” or press key “e ”.
4. launch the projectile by clicking the button “Launch” or press key “ f”.

5. reload the projectile by clicking the button “Reload” or press key “r”.

The initial and final position will be shown after the projectile was launched

XMU M CUP Increase angle | Decrease angle

Launch Reload

Adjustable vertical board position:

D cm
Projectile Initial x position : -92.23 cm
Launcher Initial x position : 15.00 cm

Final x position : -92.23 cm
Final x position : 15.00 cm

y position{cm)
o
=]

-60 -40 -20 0 20 40
x position{cm)
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KB R RS ENLFTEER, BERMms A BENREE 2 UFREF.

H=EN AR, BAE B J"Jg?l%fﬁkﬂ’]ﬁu_ RRBRHAER, 5RK0.

y—Yo=tanf (x — xp) — (x — x)?

Hrfhg=980ms2

FELLREH, RELET— A?ﬁﬁfﬁﬁi%‘fﬁ%%ﬂ—/\—fLX7J<$$&E)]E’]HJ#TJ\/)F"ﬁ% b3
SRRy A E ] DUAEE, 'TEZiETﬁSE'JZiﬁTJEJ#j(/J\E.iEE'] XA 8] @ A E S il 1
B SHA R85 5 R AL B Sk ok H b SR 8 & 5T ik

2 Vg cos2 6

FEIXEMEBEF, ROTIY
1 R A BB ERBE S EIUNRAAE .
2. | % “Increase angle”sy &2 VA “q” KIEMMAHFNAE
mﬁﬁﬁEmemmei&Tﬁﬁf:%ﬁ$k%$m%
4. SRR “Launch”sf 3% A “ 7 SRR SHHESHA
5. MiiRHE “Reload”sf, 2 TEE “r” REELZHFAE.
WS AN ES RN BESELXHEER.

Solution:

Select a suitable launching angle, 8, then measure two positions of the trajectory (x4, y41),
(x4, y2). We can calculate the fixed 6 from the two simultaneous equations,

1
(V1 —Yo) —tan® (x; —xo) = — 217 C0520(1 Xo)?
9
(V2 = Yo) —tan 8 (x; — xg) = —5—5——— (xz — xo)?
217 cos- 6

LetX; =x1 —x0, 1 =EY1 — Y0, X2 =% —x0, 2 = Y2 — Yo
Divide two equations
Yl —Xltal’l9 _X12
Y, — X,tanf X2
X 2
Yz N

2

tan @ = 2

XZ XZ Xl
Then the launching speed can be calculated from
2
172 — 1 g Xl
0" 2c0s26 X ,tanbh — Y,

Ans: 4.5
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Question 30

Objective: Find coefficient of linear expansion of an unknown metallic rod. Give the answer
in unit of 1075 °C~* to 2 significant figures.

In this experiment, you are given an unknown metallic rod covered by an insulating tube.
The tube is connected to a steam heater which is used to heat up the rod uniformly inside the
tube. One end of the metallic rod is fixed and the other end is connected to a dial gauge. When
the rod is under thermal expansion, the axle of dial gauge will be pushed and rotate in an angle,
0. The angle in unit of radian multiplies the radius of the gauge’s axle, which is r =
1.50 mm, will give the linear expansion of the rod, AL = r0
If the length of the rod at temperature 23.0 °C is 50.0 cm, try to determine the linear
expansion coefficient of the rod from this experiment.

In this virtual laboratory, you can

1. show or hide the labels by clicking the button “Show Labels” or “Hide Labels”.
2. turn on or off the heater by clicking the button “Heater On” or “Heater Off”.

3. calibrate the dial gauge by clicking the button “Zero”.

4. read the temperature of in the tube from the thermometer.

5. read the angle from the dial gauge.

YMUM CU ]

Heater On Zero

Thermometer:
Steam heater 23.00 oC

Temperature: 23.000 oC

Dial Meter:
374 degrees Angle: 3.735 degrees
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SXBEMN: RRMNEBENEAEKRY. FERUI0° CTIARNREE 2 NEREF.

KRS, —ERXHNEEEET —@HES, LES—FSMABERKE, &R
TR EFNEEE. SEEN—HHEE, Z—mNERHRER. YE&EE
SR, HERNMSEIET S 0 BE. DENEARMMNAEOTR - H
¥42r =150 mm, FESMEEENLFKE AL =10,

EMAEZE23.0°CH, £BENKER500cm, RMLRELSEBENSENK
EL
EXEMLEEF, R
1. | E7#% 4 “Show Labels” =f “Hide Labels”3k ‘2 7~ 5 B (X 28 FIFRE o
2. SR %E “Heater On” 5§ “Heater Off"3¢ ;B2 S a2,
3. Mg “Zero” RARIE{RZE L AYIEEL.
4. NEETHEREMERHEE.
5. Mg SR BIE SR U A /S

Solution:
1. Calibrate the dial gauge to zero.
2. Record the initial temperature and length of the rod, (T, Ly)
3. Turn on the steam heater. Wait until the temperature reaches an equilibrium temperature T,
4. Record the angle, 6 read by the dial gauge.
5. Then, the coefficient of linear expansion will be
rf

¢@=—
Lo(T —Tp)

Ans: 1.5

3k 3k 3k 3k 3k 3k ok %k 3% %k %k k End of Paper %k 3k 3k %k ok %k %k %k %k %k %k k



