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Instructions:

L HGS =8 5 40BN 100 7 - 2EERVEEAFZTENEE - A EEK
FE ISR R A RRER A& -
There are three parts in this examination and the maximum score is 100. All answers
should be written in this examination paper. No score will be given to answers made
on draft paper or non-according to instructions.

2. By REEEE - ILEDA 6 > BRE 3 0y > & 18 01 - A —(E

o4
BE -

Part 1 contains Multiple Choice questions. There are 6 questions, each worth 3 points
for a total of 18 points. Only one answer is correct for each question.

3. ETHM RIS WA 4 SRR - £225 -
Part 2 contains Concept Questions. There are 4 questions, where point allocations
are shown in each question, for a total of 22 points.

4. F=ERETERE - ILEMDA 48 G- 1S 770 & 60 73 - BERAHNERE

B~ AT SRR A - BRETEIN=ARE Y - RBHRES
> AEEHUS L -
Part 3 contains Calculation Questions. There are 4 questions, each worth 15 points
for a total of 60 points. The answers should include necessary explanations, formulae,
calculations and final results. Real number answers should have three significant
digits. No points will be given if final result is sorely shown.

5. FAwEHETETEE (AfEEm ASTREADREZ SR - HET BRI

Rf A AT S L (A R 2 - =5 A AR I BV ENTIRE ~ BURIEIR S IhRE s CAE]
BRI ST -
You may use an electronic calculator, including a programmable one, provided that
the calculator is silent in operation. You are strictly prohibited from using a
calculator with print-out, graphic/word-display functions or dot-matrix technology
in the main display.

6. EGFMHECNBOFETEES o nEHELUR -
Please write the answers with a blue or black ball-point pen. Correction fluid can be
used.

7. BARRE RS -
Only one piece of draft paper is given to each candidate.



F—E 4 Part 1 EFERE Multiple Choice

HIEEE (A> B> CH D) BAEGERMZ A -

Write your answers (A, B, C, or D) in the corresponding box provided.

1 DUTNBEHRBERAVIE RS - g2 ¢ -
@ MPIHVEETRFEMERE - Q WYIKRHIERETTRFEEHN -
@ MBI H IR FEZAE - @ WA EHPERFEAER] -

About the formation of standing waves, which statements below are incorrect?
(D The two waves should propagate in the same direction.

@ The two waves should propagate in the opposite direction.

@ The two waves should have the same frequency.

@ The two waves should have the different frequencies.

(A) O
@D and B
(B) OM@®
@D and @
(C) QM
@ and @
(D) OF@
@ and @
2. —EEER m-TFEE L q BN 1255805 S 2R B EE) - TYIEDE
IEMERE )

A particle with mass m 1is carrying charge q. It is moving in form of uniform
circular motion under the action of a uniform external magnetic field. Please select

the correct statement from the list below.

(A) RLTFTZHEmes T RERY -
The Lorentz force on the particle is constant.
(B) HRrrHBEIERE AT -
The momentum of the particle is conserved.
(C) ML TAYRE S LB SR fiefee
The radius of the circular motion is independent of the particle velocity.
(D) HiLHYE Bl 8 B SR T AR -

The period of the circular motion is independent of the particle velocity.
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FFTEEE OGRS S BRI TR - SFAOCERE - BURZ B Ot RIEGS > B
NUIBRE S A (A

A monochromatic light is shining on a metal surface, and the photoelectric effect is
observed. Now, the light intensity has been decreased. Which statement below is
correct?

SR T HIBA B 2

The maximum initial kinetic energy of the photoelectron is unchanged.
R T HYERARIENAE RN

The maximum initial kinetic energy of the photoelectron decreases.
BB RINEAADEE T EH R A E

The number of photoelectrons produced per unit time is unchanged.
ATRE A ERRE

The photoelectric effect may not occur.

— ARSI R AITE R n = 1.200REBE » lEE AN A A
Tt F S A R 2

A ray of light travels through air toward a fluid with an index of refraction n = 1.2
at an incident angle 8. What would happen to the angle of the refracted ray if
increases?

Stays unchanged

EZAN

Decreases

AR

Increases

EAtE— B & AR

Any one of the above could happen
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B MIPEREIGAE — 9 S BRI 45 RIBDR NG - AL AG BIiE ik Bl
TRHT R AEEMME A T - S TR NHIIIE R R R 2

When a rigid cylindrical body rolls down a 45° slope of constant frictional
coefficient, what angle should the symmetry axis of the cylinder form with the

ground plane in order to maximize the acceleration of the rolling?

OO

30°

45°

90°

e e B i ] DU R B EAY AT 2
What nature of light can be inferred from the double-slit experiment?

YELOEEE I E g

Light travels in the form of rays

LUK ENIE 2\ (8

Light travels in the form of waves

SE LU B U E 5

Light travels in the form of particles or corpuscular bodies
JELLLL BT 20

Light travels in any of the forms described above



FE ¥ Part 2 B2 Concept Questions

& E BT R AR b B IMYBE E NG -
Write your answers on the lines provided for each question. Answers written elsewhere
will not be graded.

I REBERDEE—EG FoTEEREA S RIARNERE S BUNUEREE
ACHA 2
According to the 1st law of thermodynamics, please describe the thermal energy
exchange between the ideal gas and the environment when the gas is expanding
under a constant temperature.
(5 43/ marks)

2. BAWEME - HITRERTH Anygfing » Hny <np o 55REZGIIA0 RS
TEROCH - ARAHIERFER -
There are two materials with reflective index of n; and n,,and n; issmaller than
n,. Please briefly explain how to fabricate the optical fiber based on these two
materials and the related mechanism. (6 47/ marks)




a7 Al S RE RS YR o
Briefly describe the characteristics of the energy spectrum of Helium.
(5 43/ marks)

SR % ol B B s A -

Explain why there is a recoil force when one fires a gun. (6 77/ marks)




FE=4> Part3 $+ERE Calculation Questions

WEE (EFEARENERE - A stREIERE RREER) BEFE RN ZE D
firEN » BAEHAM TV E ER Gy -
Write your answers (include necessary explanations, formulae, calculations and final

results) in the space provided. Answers written elsewhere will not be graded.

1. WiE > YR 1885 2 kg > DL 10 m/s B3R 4 @) - Wb 2 E& 5 5 kg >
DA 3 m/s HYZRFEAE A4 E) o [E -P R A Ry B R R I - BT 2 1RAY5H
O RNy 1120 N/m - 85 R Er g )e 1 B4 - 5551 R0 SV K BR Y (H
— —_—

2

A block (mass 2.0 kg) is moving rightward at 10 m/s and block 2 (mass 5.0 kg) is

moving rightward at 3.0 m/s. The surface is frictionless, and a spring with a spring

constant of 1120 N/m is fixed to block 2. The spring is then compressed by block 1.

Please find the maximum compression of the spring.

2. EPETRE—RHEHOE BRI - ZEE | om)
AR DT 15 Foots X Wit - BRI REN 7[5 Rootr y il 1
The figure shows the oscillating curve of a particle from
a simple harmonic transverse wave. The wave is
propagating in x direction, and the particle is oscillating
along the y direction.

t?s)

(1) ANFZAER A SRR Ky S mis » AIHOP &5 7
If the propagation speed is 5 m/s, what is the wavelength?
(2) #6355 1% - 2B R E BRI 2/ D ?
After 5 s, what is the total distance the particle has travelled?
(3) fEE T - 5E L E BERE R KA B ] -
From the figure, please find the time when the particle has the maximum oscillation
velocity.



3. B —1lE 100 SEAYIKIRAE —{BEIEEE(5 8 Ry 0.01 By~ _F7FE) - AN KEERIHI4A

R 1 m/s > AELUEH 1 iy 5t » e & s be@E 2k
TEEE R T ? E R ﬁBEf ETHIHATE T ZE? (RIS KET
HEEENTR R - BTN AR, 10 m/s? - )
Consider a 100 gram ice block that is sliding on a frictional surface of coefficient 0.01.
If the ice is initially travelling at 1 m/s and is melting at a constant rate of 1 g/s, would
it be completely melted away first or come to a stop first? If the latter occurs, how
long has it traveled before coming to a stop? (Ignore the effect of the melted water on
the traveling motion. Gravitational acceleration can be set to 10 m/s2.)

4. HEfEETER | SEFERHE S EEHAVECEIHE - TS SV o MIREE
C ERVHHGEETT 22 - BIEEGH BRI SR R R R R ~ 75 10kQERFHAYEEER 777
R0 ?
Consider the circuit illustrated in the figure: the numbers showing the resistances in
ohm of the resistors and the battery is 5V. If the charge on the capacitor C is initially

empty, what would be the voltages across the 10k€ resistor, when the switch is just

turned on and after a long time, respectively?

5V |




SEEZE Suggested Answers
F—E 4 Part 1 BEFERE Multiple Choice

1. B

2. D

3. A

4. C

5. A

6. B

E_E4 Part2 #E2E Concept Questions

1. BEETE  FEE/NURIEE - HRRAE ARSI M) - R E A
REFM & T oL bR
Yes. During the expansion, the ideal gas should capture the thermal energy from the
environment to keep the temperature as constant.

2. MBS IR MR (n0) fERSNVE - TRt E 5
g (n)
According to the total reflection, the material with lower reflective index (n1) should
serve as the cladding layer, and the material with higher reflective index (n2) should
serve as the core layer.

3. ARBERE R 2 A H VB AEE - B A Bl e AR BRI Y A] ROt
RN o B A RS S RS P R = RIS HIBA D -
Helium gas spectrum is a discrete spectrum consisting of many spectral lines with a
few lines falling into the visible band. These visible spectral lines constitute the
yellow to orange color of the light emitted by Helium gas.

4. RAMEE=EE  (EH B ER IR E A - K EERRGEIEE 22 RIAR -

AMERTIRE TS E I - [FIS 58 S E TR E e Ae R (E A - BB
B2 EMRATT - W] U EhE P IRAFRE  BitefE 58 A 1L HEhE > NG
REERZ - WA AEEACH T EIEIE - REEee bEd > FE
NFEREZAER - RIR AT EARFREIHYSRAR

According to Newton’s third law, action force and reaction force are formed in pairs.
When the gun powder is burnt, expanding the air in the barrel and forming the action

10



force to push the bullet out of the barrel, a backward reaction force is generated on
the gun body, which lets the arm feel the recoil. This effect is also explained by the
conservation of momentum: gun firing exalts a momentum along the forward
direction on the bullet. Since the initial total momentum is 0O, there must be a
momentum along the backward direction to cancel out the momentum of the bullet.
The latter is formed on the gun body, equivalent to the impulse received by the arm,
which is the product of the recoil force and time.

BE=4> Part3 =+EE Calculation Questions

. ETHEBRER R AR » P8R 1 A0 2 AVEREMESE o Rt ATA2]
When the spring is compressed at the maximum value, the velocity of block 1 and 2
should be the same. We thus can have

myv; + myv, = (M + my)v

AL
Consequently,

2x10+5x%3
YT 2%

=5m/s

IEERRF - S SRHSE M BAEE T R GHRRAVEIRE © B
At this moment, the elastic potential energy of the spring is equal to the loss of the
system’s kinetic energy, which is

1 2 1 2 1 2
AK = Emlvl + Emzvz - E(ml + mz)v

=1x2x102+1x5x32—1x7x52=35]
2 2 2
Z b R R TR TR S - Al
This energy is equal to the elastic potential energy of the spring,
1 2
35 ] = Ekxm

KR BRGEE Ry
So, the maximum compression is,

_sx2_
m= 120 0™

11




2. (1) BtEmOR ARSI R Us » N &R Sm e

The wavelength is 5 m because the oscillating period of this mechanical wave is 1 s.

(2) 5s By S{EEA > S(EE AR ESFEAE K 16 om > KR4 E 80 cm -
Five seconds are equal to five periods. There are totally 80 cm because in each period,

the particle oscillates for 16 cm.

(3) KO B » BRA R ATTRET - BRI SRR 05, 0.5 sl 1s -
When the particle is passing through the equilibrium position, the particle is having a

maximum velocity. So, the corresponding times are 0 s, 0.5 s, and 1 s.

3. JKERDURH R0 L B sm s R R o) B2 100 FAfE/KIREE BZ7J<
HR -~ BEPRA IR AR /KSR E S AR IRIT — B N » (E R ORFF A8
The ice is melting away at a constant speed; so no matter the condition of the motion,
it takes 100s for the ice block to become completely water. Though the normal force
is constantly decreasing due to the decreasing mass, the deceleration remains

constant since
uN )
a="——=ug= 0.01 x 10 = 0.1m/s
AL > JKEERE AT

Therefore, it only takes

— =1
01 Os

KoeefF il - BEFER VKBS o BIRIARATTE R R
for the ice to come to a complete stop, long before the ice melts away. The total

distance traveled is
0.1 x 10?2

vt 1at2—1 10 =5m
_—— = X _——_—
2 2
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4. EHPREBEE C B SkQEHAY /7 SR (E LAY RC EEES - & BEs Mk -
B as WIS & 5 0 0 BIEEAVEEZE Ry 0 (15 20kQF1 SkQFEYEHHY SR
% o BMHVFEE
The branch consisting of capacitor C and the 5k{) resistor forms a typical RC circuit.
When the switch is just turned on, the charges on both capacitor plates are 0 and hence
the capacitor voltage is also 0, making the voltages across 20k{) resistor and the 5k{)
resistor identical. The equivalent resistance of these two resistors is

20k -5k _ 410

20k + 5k
g 10kQERH EHYEEER Ry
such that the voltage across the 10k{) resistor is

10k 25
5 Tok+ 2k — 7V ~ 3.57V
RiFHEE > B C #otmE » RN A ERMAL RC R » % 0 SOARE EE R —
{EBHEEES © Al 10kQ EEFHAVERER Fy
When capacitor C is fully charged after a long time, no current would flow through the
RC circuit, making it essentially an open branch. The voltage on the 10k} resistor then
is
10k

>Tokt 20k~ o7V

13



