Hong Kong Diploma of Secondary Education Examination

Physics — Compulsory part (45245

Section A — Heat and Gases (#4e £,54)

1. Temperature, Heat and Internal energy (R /& ~ o M #8)
2. Transfer Processes (#4875 842)

3. Change of State (3% #4248

4. General Gas Law (4 8 A & 48)

5. Kinetic Theory (4-F& %)

Section B — Force and Motion (=i $)
1. Position and Movement (4 ¥ o 45 %)

2. Newton’s Laws (4-#i &)

3. Moment of Force (714 )

4. Work, Energy and Power (43 ~ ftffozh %)
5. Momentum (% %)

6. Projectile Motion (#24 :€ %3)

7. Circular Motion ( [ /% %)

8. Gravitation (3] #)

Section C — Wave Motion (% %)

1. Wave Propagation (& #44f 1)

2. Wave Phenomena (s % 5. %)

3. Reflection and Refraction of Light (4 R 4 & 474
4. Lenses (i§4%)

5. Wave Nature of Light (5 ik #5454 )

6. Sound (%)

Section D — Electricity and Magnetism (g #u5%)
. Electrostatics (## % )

. Electric Circuits (%)

. Domestic Electricity (% & A %)

. Magnetic Field (st#5)

. Electromagnetic Induction (%=t % %)

. Alternating Current (%% E)

Section E — Radioactivity and Nuclear Energy (% 4} 3, £ 54 8)
1. Radiation and Radioactivity (#% #1 fos 430, %)

2. Atomic Model (& F# %)

3. Nuclear Energy (i)

AU AW

Physics — Elective part (%4438 4-)

Elective 1 — Astronomy and Space Science (% 3 % fofit % # 4)
1. The universe seen in different scales (7R ] 2 M4% & F 45 % & @ )

2. Astronomy through history (X sc s 8B %)

3. Orbital motions under gravity (¥ 5 T g # L E %)

4. Stars and the universe (1% 2 2 5 %)

Elective 2 — Atomic World (& 7 %)

1. Rutherford’s atomic model (& % 455 F#8.4)

2. Photoelectric effect (%26 /&)

3. Bohr’s atomic model of hydrogen (s /o .5 F470)
4. Particles or waves (23 #,i% )

5. Probing into nano scale (F4F K 5

Elective 3 — Energy and Use of Energy (& ¥ #= 1t 5 4946 /8 )
1. Electricity at home (£ B &)

2. Energy efficiency in building (s 88 ay s s )

3. Energy efficiency in transportation (GE# # e 1 i 2% %)

4. Non-renewable energy sources (7 o /i 4 fi& /%)

5. Renewable energy sources (T & & i)

Elective 4 — Medical Physics (% 44528 4)

1. Making sense of the eye (i &4 5: &)

2. Making sense of the ear (H- 898 %)

3. Medical imaging using non-ionizing radiation (k& a5 4 % % 9542 &)
4. Medical imaging using ionizing radiation (@ #4547 8 4 %48 8)

DSE Physics - Section C : M.C. PC-WA3-M/01
WA3 : Reflection and Refraction of Light

Use the following data wherever necessary :

Speed of light in vacuum ¢=3x10"ms™

Part A : HKCE examination questions

1. <HKCE 1980 Paper II - 16 >

A light ray passes through a spherical air bubble in water. Which of the following represents the path of the emergent ray ?
A P

LI o

B.
C.
D

2. <HKCE 1980 Paper 11 - 28 >

A fixed object is placed in front of a plane mirror. If the mirror is moved 0.10 m away from the fixed object, how far will the
image move ?

A. 005m
B. 0.10m
C. 020m
D. 040m

3. <HKCE 1980 Paper II - 17 >
When light enters from one medium into another, which of the following will be changed ?
(1) The frequency of the light
(2) The wavelength of the light
(3) The velocity of the light

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) & (3)only

4. <HKCE 1980 Paper II - 18 >

A point light source is placed in a liquid. Rays from the source leave the liquid surface through a circular area of diameter
24 cm. The refractive index of the liquid is 1.25. The depth of the source below the liquid surface is

A 9em

B. 15cm
C. 16cm
D. 18cm



DSE Physics - Section C : M.C. PC - WA3-M/02 DSE Physics - Section C : M.C. PC-WA3-M/03
WA3 : Reflection and Refraction of Light WA3 : Reflection and Refraction of Light
5. < HKCE 1982 Paper II - 21 > P 9, < HKCE 1985 Paper 1I- 18 >
A ray of light / passes from a liquid L into air makes an angle of . h light & dium ¥ to P R
incidence of 42°. If the refractive index of the liquid L is 1.35, E 0 Ee;};zg:%n& :;;:;‘é: t;gme;?l}l'rga}sls:;ai;(?mi‘r;: reufractive %% e Lt
tielEios prahlcemensea) myof Hghtis air i index of medium X is smaller than that of medium Y. ¥ 2 oy S
g' g R Which of the following represents the path of the emergent
) liquid ) ray 7 X
C. R 40t AP
D. S i .
1 ; B. @ ¥
s C R
D. S
6. <HKCE 1983 Paper 11- 18>
Which of the following statements about the properties of light is/are correct 7 10. <HKCE 1987 Paper I11- 18 >
(1) The speed of light in vacuum is independent of its wavelength. . , : . ;
(2) The wavelength of light will change when it enters a less dense medium. A 1ay of light passes from air into a gl‘ass bnlock Which of the following ray diagrams is/are correct ?
(3) The frequency of light will change when it enters a less dense medium. (Given that the critical angle of glass is 42°.)
A. (1) only (0] (2 3
B. (3)only
C. (1)&(2)only
D. (2) & (3)only
7. <HKCE 1983 Paper I1 - 16 > 4 459
P
\Q A. (2)only B. (3) only C. (2) & (3) only D. (1),(2)&3)
Z 11. <HKCE 1988 Paper II-19 >
R ‘Which of the following best describes a ray of light travelling from water to air ?
Y A, | B. :
ll :
air :/(7/ air :/’/
W X t i !
1 (] '
. 3 Bt 5 e water \ water '
In the diagram, POR represents the path of a ray of light incident on a semi-circular glass slab. Q is the centre of the slab. 1 H
‘Which of the directions W, X, Y or Z correctly indicates the subsequent path of the refracted ray ? H i
AW i '
B. X ; \
€ ¥ C. E D. i
D. Z i i
air }/7/ M
| [} 1 0
8. <HKCE 1984 Paper II-19> «p water P water i
| i
e 0
12. <HKCE 1992 Paper II- 16>
b The refractive indices of water and glass are 1.33 and 1.5 respectively. In which of the following cases will total internal
reflection occur 7
28 ) @ ®
incident ray incident ray incident ray
<o ! 1 :
o! i 50° 50 e
s shown in the diagram, the apparent position of the aeroplane seen by the diver at the bottom of the small pond is at Y & water i walcr
| E glass i air E glass
1 v 1

A. (2 only B. (1) & (3) only C. (2)&(3)only D. (1),(2) & (3)



DSE Physics ~ Section C : M.C. PC - WA3 - M/ 04 DSE Physics - Section C : M.C. PC-WA3-M/05
WA3 : Reflection and Refraction of Light WAS3 : Reflection and Refraction of Light
13. <HKCE 1993 Paper Il - 11 > 18. <HKCE 1996 Paper If - 14>
Which of the following phenomena is/are caused by refraction of light ? A ray of red light travels in air and strikes a triangular glass prism at an angle of incidence 45°. The critical angle of red light
(1) A swimming pool appears shallower than it really is. for the glass is 42°. Which of the following diagrams best shows the path of the ray ?
(2) A metre rule appears bent when dipped in water. A. B. C. D.
(3) A spectrum is formed when white light passes through a prism.
A. (3)only . ~ , ~
B. (1) & (2)only 45 459 45° 450
C. (2) & (3)only
D. (),@2&E)
14, <HKCE 1993 Paper II - 13 > ; _15
The diagram shows a light ray travelling from liquid to air. ! 19.  <HKCE 1957 Paper It - 15 > ) . )
Find the refractive index of the liquid. . 1459 Which of the following phenomena involve(s) total internal reflection of light ?
A 071 s (1) The sparkling of a diamond,
B. 133 - ' (2) The formation of a mirage.
C. 141 Linuidh ! (3) A ruler appearing bent when dipped in water.
D. 1.50 30% A. (2)only
’ ! B. (1) & (2)only
C. (1) & (3)only
15. <HKCE 1994 Paper I1 - 13 > D. (,@&B)
‘Which of the following devices involve(s) total internal reflection of light as they work ?
(1) Optical fibres 20. <HKCE 1998 Paper 11 - 18 >
) & PUSmALiCI PEriscops Which of the following phenomena is/are caused by the refraction of light ?
() A plane mirror (1) If 2 man who is spear-fishing aims his spear at where the fish appears to be, he will miss it.
A (@) only (2) A spectrum is formed when white light passes through a prism.
B. (1) &@2)only (3) A light ray is transmitted through a curved glass fibre.
C. (1) & (3) only A. (1)only
D. (1),(2)&3) B. (1) & (2) only
C. (2)&3)only
16. <HKCE 1994 Paper I1 - 14 > D. (1), &)
A ray of light travels in air and strikes a semi-circular glass block at an angle of incidence 42°, The critical angle of the glass
21. <HKCE 1998 Paper I - 16 >

17.

is 42°, Which of the following diagrams best shows the subsequent path(s) of the ray ?
A.
C.

42}
]

~

A ray of light travelling in air enters a semi-circular glass block as shown. Different values
of the angle of incidence 8 and the corresponding values of the angle of refraction ¢ are
measured. Which of the below expressions represents the refractive index of the glass ?
the slope of the graph of sin 6 against sin ¢

the slope of the graph of sin ¢ against sin 8

the slope of the graph of 6 against ¢

the slope of the graph of ¢ against &

B.
Ew: 7:/
D.
“:\42" %f

< HKCE 1996 Paper II - 17 >

Tow»

s Glass block

Red and violet light —>-1
[™—— Alir cavity

A beam consisting of red and violet light travels in a glass block with an air cavity. The cavity is in the shape of a prism as
shown above, Which of the following diagrams best shows the subsequent path of the beam ?

A. B.
red
violet
—_— —_—
red
violet
C D.
violet
red
— —>
violet
red




DSE Physics - Section C : M.C.
WAS3 : Reflection and Refraction of Light

PC-WA3-M/06

22,

23.

24.

< HKCE 1999 Paper I - 13 >

g;}-/--‘

A ray of light travels in air and strikes a rectangular glass block at an angle of incidence 50°. The critical angle of the glass is
42°, Which of the following diagrams best shows the path of the ray ?

A. / B.

A A

7 ']

< HKCE 2000 Paper II - 18 >

T Object

& Observer’s eye

A student uses two triangular prisms to construct a periscope as shown above. Which of the following shows the image of the
object as seen by the observer ?
A. B. C. D.

| f . P

< HKCE 2000 Paper I - 16 >

43°

47°

A ray of light enters a glass prism and travels along the path as shown above. Find the refractive index of the glass.
A 107

B. 137
C. 147
D. 1.50

DSE Physics - Section C : M.C.
WAS3 : Reflection and Refraction of Light

PC-WA3-M/07

25,

26.

< HKCE 2002 Paper II - 14 >

A ray of light travels in air and strikes a glass block as shown above. Which of the following diagrams best shows the path of
the ray 7
A. B.

<HKCE 2003 Paper II - 13 >

A ray of light travels in air and strikes a glass prism as shown above. ‘Which of the following diagrams best shows the path of

the ray 7
A. B.
C. D.




DSE Physics - Section C : M.C.
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DSE Physics ~ Section C : M.C. PC-WA3-M/09

WA3 : Reflection and Refraction of Light

27.

28.

29.

30.

< HKCE 2004 Paper I - 14 >

The photograph shows the image of a tree formed by the surface of a pool of calm water. Which of the following phenomena
explains the formation of the image ?

reflection
total internal reflection
Martha Eric
. °
| |
| 2m I Im é
A

refraction
diffraction

Eric stands 1 m in front of & plane mirror, Martha stands 2 m behind Eric as shown above. Find the distance between Eric
and the image of Martha formed by the mirror.

2m

3m

4m

6m

vowp

< HKCE 2004 Paper I1 - 13 >

N

vowp

< HKCE 2005 Paper IT - 10 >

SOOI,

plane mirror — |

R I IR T IOK,

The diagram shows the image of a clock formed in a plane mirror. What is the time displayed by the clock at this instant ?
A, 3:58

B. 402
C. 7:58
D. 8:02

< HKCE 2006 Paper IT - 19 >

‘Which of the following surfaces produce diffuse reflection when parallel light rays fall on them ?
(1) ablackboard in the classroom
(2) apolished metal surface
(3) apage in this question book

A. (1) &(2) only
B. (1) &(3)only
C. (2) &(3) only
D. D,@Q)&B)

31,

32.

33.

< HKCE 2006 Paper II - 32 >

A light ray enters normally from the air into a right-angled prism and
is totally internally reflected at face 4B as shown below. Based on this
optical phenomenon, which of the following is/are the possible value(s)
for the refractive index of the material of the prism ?

(1 135

(2) 145

(3) 1.55

(1) only

(3) only B
(1) & (2) only
(2) & (3) only

45°

ond»

< HKCE 2007 Paper IL- 11 >

plane P 7 Q
- IMITOT ?
R £ FF S

% 77—
eyei

A pencil is placed in front of a vertical plane mirror as shown in the figure above. Which of the following shows the correct
position of the image ?

A B. C. D.
P ] 2 0 P (9] P, (¢}
[] [] [ ]
EEEEEP® LT gL T gL T T
< HKCE 2007 Paper I - 35 >

John wants to estimate the speed of a cloud in the following experiment. The cloud is moving horizontally at a height of
3000 m above the ground. He looks at the image of the cloud in a mirror of 0.6 m wide placed on the horizontal ground
1.5 m below his eye level. He finds that the image of the cloud takes 20 s to move across the mirror.

image of the cloud

Not drawn in scale

What is the approximate speed of the cloud ?
A. 0.03ms!

B. 0.06ms™t
C. 60ms™
D. 150ms™
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34,

35.

36.

<HKCE 2007 Paper I1 - 13 >

light ray

A light ray is incident from water onto an air bubble as shown above. Which light ray best represents the emergent ray ?

TQw»
N~ OXOE

< HKCE 2007 Paper I1 - 14 >

Figure (a) shows a light ray travelling from air into medium X. The angle of incidence is 50° and the angle of refraction is ».
Another light ray travelling from medium X to air is shown in Figure (b). The angle of incidence is 35° and the angle of
refraction is also equal to . What is angle r ?

i

\o<u: ) Ly
! air
|

air

]
; medium X medium X
P 35
i A
Figure () Figure (b)
A. 261°
B. 41.5°
C. 425°
D. 48.5°
< HKCE 2008 Paper I1 - 13 >
wall P
"
N
hIS E 3Im
3 ]
N| i
i 1.5m
E
im 4m

In the figure, a plane mirror MN of height / is mounted in an adjustable vertical position on a vertical wall. E is an observer’s
eye which is 1 m from the wall and 1.5 m above the ground. PQ is a vertical post of height 3 m and is 4 m behind the
observer. Looking into the mirror the observer can see the whole image of the post. What is the minimum value of /# 7

A. 05m

B. 06m

C. 15m

D. 20m

37.

38.

39.

< HKCE 2008 Paper I1 - 17>

A ray of light is traveling from glass to air as shown in the figure.
Which of the following ratios is the refractive index of glass ?

A siné
ZEZ glass
B. 22
sind @
c. sin(90°-6) air
5in(90° - ¢)
D, Sin(90°-4)
5in(90° - 0)

<HKCE 2008 Paper I - 38 >

Which of following statements about total internal reflection is/are correct 7
(1) The angle of incidence is less than the critical angle.
(2) Both reflected and refracted rays appear.
(3) The ray is travelling from an optically denser medium to an optically less dense medium.

A, (Donly
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

<HKCE 2008 Paper IL- 16 >

A light ray undergoes reflection and refraction at an air-glass boundary
as shown. PQ is perpendicular to RS. OX, OY and OZ are the paths of 4
the light rays. Which of the following deductions is/are correct ? 60° |40°

(1) OXis the path of the incident ray.
(2) RS is the air-glass boundary. 0

(3) The light ray travels from glass to air. 60°
(1) only z

(3) only

(1) & (2) only 0
(2) & (3) only

oow»

<HKCE 2009 Paper I - 34>

Y Y A 4 \

X, ¥ and Z are three 45° — 90° — 45° triangular prisms made of different transparent materials. A ray incident normally at
one face is found to undergo refraction and reflection in each prism as shown in the figures above. Which of the following is
the correct order of the refractive indices of the prisms ?

A X>Y>Z
B. X>Z>Y
C Y>Z>X
D. Z>Y>X
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WAS3 : Reflection and Refraction of Light

41.

42.

43.

44.

45.

< HKCE 2009 Paper Il - 15>
Y
X
vacuum
glass
Two coloured lights, X and ¥, trave] from vacuum to glass. They undergo refraction and travel along the same path in glass.
‘Which of the following desctiptions about the two coloured lights is correct 7
A. Glass has a greater refractive index for X and X travels with the same speed as ¥ in vacuum.
B. Glass has a greater refractive index for X and X travels slower than ¥ in vacuum.
C. Glass has a smaller refractive index for X and X travels with the same speed as ¥ in vacuum.
D. Glass has a smaller refractive index for X and X travels faster than ¥ in vacuum.
<HKCE 2010 Paper I1 - 13 > .
A student performs an experiment to find the refractive index of a material and the result is shown below. Which of the
following set of data is likely to be wrong ?
P 0 R N
Angle of incidence 20° 40° 60° 80°
Angle of refraction 14° 22° 38° 44°

A P
B. @
C. R
D8
<HKCE 2010 Paper II - 38 >
A ray of light enters a transparent rectangular block and travels along the path . 400 i
as shown in the figure above. Find angle 6. R}
A, 33° off
B. 57°
C. 59° 9
D. 75°
<HKCE 2011 Paper Il - 38 >
Telecommunication companies nowadays use optical fibres to transmit data. What are the advantages of using optical fibres
over copper wires in {ransmitting data ?

(1) Less data loss in the transmission.

(2) Data can be transmitted at a higher rate.

(3) For the same data transmission rate, optical fibres take up less space.
A. (1) &(2) only
B. (1) & (3) only
C. (2) & (3) only
D. (1),(2)&(3)
<HKCE 2011 Paper IT - 15 >

When a light ray travels from air to glass, which of the following descriptions about the changes of the speed, the frequency
and the wavelength of the ray is correct ?

Speed Frequency Wavelength
A, remains unchanged increases decreases
B. remains unchanged decreases increases
C. decreases remains unchanged decreases
D. increases remains unchanged increases

46.

47.

<HKCE 2011 Paper II - 14 >

bird

clear image
of the bird

A clear image of a bird is formed by a calm water surface as shown in the above figure. Which of the following statements
about the image is/are correct ?

(1) The image is real.
(2) A clear image is formed as regular reflection occurs.

(3) Ifthe bird is closer to the water surface, the size of the image increases.

A. (1)only
B. (2)only
C. (1) & (3)only
D. (2) & (3) only

< HKCE 2011 Paper X - 39 >

A ray of light enters a transparent rectangular block from air and emerges. Which of the following ray diagrams is/are
impossible ? The doited lines represent normal to the surfaces.

m &) '
\;

® ,
\;
: 50°
_JIO D
\
A. (D) only
B. (3)only
C. (1) & (2) only
D. (2)&(3) only
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Part B : HKAL examination questions

48.

49,

50.

51.

<HKAL 1994 Paper IIA - 15 >

;he szpseeic! of light in a transparent material is 1.6 x 10® m s™. Find the critical angle for that material.

B. 32.2°
C. 418
D. 48.0°

< HKAL 1995 Paper ITA - 13 >

Intensity of refracted light

air

0° 30° 60° 90°

A beam of light travels from a medium X to air. When the incident an; i ight 1
! é 3 gle @ varies from 0° to 90°, the light intensity of th
rAefrar:ltec:l2 ray varies as shown in the graph. What is the ratio of the speed of light in air to that in medium Xg ? WSS

B.
C.
D

SN S e
W e U3

<HKAL 1996 Paper I1A - 12 >

When a beam of light travels from glass to air, the emergent light in air shows an increase in
(1) frequency.

(2) speed.

(3) wavelength,

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vowp

< HKAL 1997 Paper IIA - 13 >

o g
\\.\

Alight ray passes through three media of refractive indexes 1, n2 and n; respectively as shown. The boundaries between the
three media are parallel. Which of the following relations for n; , 712 and ns is correct ?

A m>m>m

B m>m>m
C m>m>m
D

n2 > > m

DSE Physics - Section C : M.C. PC-WA3-M/15

WAS3 : Reflection and Refraction of Light

52.

53.

54.

55.

< HKAL 2003 Paper IIA - 15>

)

@ ///\\\
)4
® \\3\\\

X and Y are two parallel boundaries separating media (1), (2) and (3). A light ray undergoes total internal reflection at the
boundary X and then refracts at ¥ as shown. Arrange the speeds of light in the three media in descending order.

A D>2>0)
B. (1)>()>Q
c @>@>0
D. ®>(1>Q®

< HKAL 2006 Paper IIA -9 >

The refractive indices of water and glass are 1.33 and 1.50 respectively. Which of the following statements is/are correct ?
(1) Light travels faster in water than in glass.
(2) The frequency of light is reduced when it travels from water to glass.

(3) Light bends away from the normal when it travels from water to glass.

A. (D only
B. (3)only
C. (1) &(2)only
D, (2) & (3) only

< HKAL 2007 Paper ITA -9 >
A diver at a depth of d below the water surface looks up and finds that the sky appears to be within a circle of radius r.
Which of the correctly gives the expression for the critical angle of water ?

A, tanc = L
d
B. sinc = L
d
C. tanc = i
% 1\
D. sinc = —Li
r

<HKAL 2013 Paper I1A - 15>

A point source of light is situated at the bottom of 4 swimming pool. It is found that a circular patch of radius 1.7 m is
illuminated on the water surface. Find the depth of water in the pool.

Given : refractive index of water = 1.33

A 12m
B, 13m
.C. 14m
D. 15m
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WAS3 : Reflection and Refraction of Light

Part C : HKDSE examination questions

56, < HKDSE Sample Paper IA - 15 >

SR
(RRAIRIIITK,

. The diagram shows the image of a clock formed in a plane mirror. What is the time displayed by the clock ?

A. 3:58
B. 402
C. 7:58
D. 8:02

57. <HKDSE Practice Paper IA - 20 >

medium 1

medium 2

i medium 3

As shown in the figure, a ray of light travels from medium 1 to medium 2, and then enters medium 3. The boundaries are
parallel to each other. Arrange the speed of light, c, in the three media in ascending order.

A a<a<cq
B. a<e<ea
C. a<a<c
D. aa<ea<e

58. <HKDSE 2012 Paper IA -17 >

Lmedium X —| air

A certain monochromatic light passes through medium X as shown above. What is the refractive index of medium X ?
A 1.25

B 133
C. 150
D. 165

59.

< HKDSE 2013 Paper IA - 20 >

A ray of light is travelling from a transparent medium X to air making
an angle of 40° with the boundary plane as shown. If the angle
between the refracted ray in air and the reflected ray in medium X'is 70°,

find the refractive index of medium X.
A 51.n 40
sin30°
B. s?n 30
sin40°
c 51‘11 60
5in50°
: o
D. sTnSO
sin 60°

60. <HKDSE 2013 Paper IA - 21 >
White light can be resolved into its component colours by using a glass prism. Which of the following statements js/are
correct ?
(1) The refractive indices of glass for different component colours are not the same.
(2) Red light travels faster than violet light in a vacuum.
(3) The frequencies of all the component colours are reduced when entering the prism.
A (Donly
B. (3)only
C. (1) & (2) only
D. (2) & (3) only ,
61. <HKDSE 2014 Paper IA -15>
\\ 1
\ hid
1
The figure shows the path of a light ray travelling from medium I to medium IIl separated by parallel boundaries.
Arrange in ascending order the speed of light in the respective media.
A I<Il<II
B. N<II<I
C NM<I<I
D M<II<I
62. <HKDSE 2016 Paper 1A - 20 >

- A beéam of white light is separated into different colours after entering a glass prism because lights of different colours
A. are diffracted to different extents by the prism. .
B. undergo total internal reflection at different angles inside the prism.
C.. * travel at different speeds in vacuum.
D. ftravel at different speeds in glass.
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WAS3 : Reflection and Refraction of Light

63.

64.

65,

<HKDSE 2016 Paper IA - 17>

A parallel-sided glass sheet separates water from air. A ray of light in water
is incident at an angle & on the glass sheet and finally emérges into air aiong
the glass-air interface as shown. Find 4

Given : refractive index of water is 1.33.

A

B.
C.
D

41.2°
48.8°
53.1°
It depends on the refractive index of glass.

<HKDSE 2018 Paper 1A - 17 >

In the figure above, XO is a light ray incident on the glass-air boundary
plane PQ. Which of the following gives the refractive index of glass ?

A.

B.

sin 56°
sitr44°-
sin 44°
sin—34>
sin 56°
sin—46"
sin 46°
s34

< HKDSE 2018 Paper IA - 20 >

The figure shows the image seen when a plane mirror is placed in front of a cardboard with a design on its front surface,

back of cardboard

‘Which diagram below shows the design on the cardboard ?

A

plane mirror

s Mar, eme 18 or reference. d not be regarded as & Set OF modce] ANSwers.

Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers

1. A 1. C 21. D 31. D 41. A
2. 1€ 12. A 22. D 32. D 42. B
3, D 13. D 23. A 33. C 43, A
4. A 14. C 24. C 34. A 44, D
5. B 15. B 25. D 35. B 45. C
6. C 16. D 26. D 36. A 46. B
7. B 17. A 27. A 37. D 47. B
8. A 18. D 28. C 38. B 48. B
9. C 19. B 29. A 39. B 49. C
10. C 20. B 30. B 40. B 50. D
51. B 61. C

52. B 62. D

53. A 63. B

54. A 64. D

55. D 65. D

56. A 6. B

57. D 67. C

58. B 68. A

59. C

60. A

“ M.C. Solution

A
Normal is the line passing through the contact point and the centre of sphere.
From water to air:  denser medium to less dense medium => bend away from normal = the upper light ray is correct

From air to water : less dense medium to denser medium = bend towards normal = ray P is correct

C
Mirror is moved 0.10 maway => Object distance increases by 0.10 m and image distance increases by 0.10 m
= Distance between object and image increases by 0.20 m

= Image moves by 0.20 m (for a fixed object)




66. <HKDSE 2019 Paper IA-17>

67. <HKDSE 2020 Paper |A-13>

Monochromatic light travels with the sam
medium Z as shown.

travel faster ¥

Towp

teedivm with o
greater refractive index

X
X
Y
¥

¢ incident angle from media X and ¥ respectively to another

medium in whick
light travels faster

B v By

68. <HKDSE 2020 Paper IA-16>

A transverse wave propagates along a strerched string.  Which graph below comectly shows the
variation of the speed v of the wave with its frequency /2

B.
v
A. v A
0 Yt 0 g
B i
g Vi
0 "y 0 S



DSE Physics - Section C : M.C. Solution
WA3 : Reflection and Refraction of Light

PC-WA3-MS/02

D
% ) Frequency remains unchanged during the refraction of light from one medium into another.
@) Wavelength must change during the refraction.
3) Since velocity depends on medium, velocity must change when light travels from one medium to another.
A
SHEE e ¢ = 53.1°
125 '
tan(53.1°) = ldz d=9cm
B
sinc = _1— soe o= 48°
1.35

i=42° = j<c¢ .. totalinternal reflection does not occur
Liquid — air = denser medium to less dense medium => light ray bends away from normal

.. Ray Q is the correct emergent light ray under refraction

C

v ) The speed of light in vacuum is a universal constant, not affected by any factors.

v @) When light enters a less dense medium, e.g. from glass to air, the wavelength must increase.
x 3) Frequency must be unchanged when light enters a less dense medium.

B

Incident ray passes through centre of circle .. incident ray lies on the normal

= i=0° - or=0°

=> emerged ray does not change direction from glass to air

A
The observer is in water
. apparent height of the aeroplane is greater than the real height due to refraction

. image of aeroplane should be above the object, thus it appears at the position P

C
From Y to X : optical denser medium to less dense medium
=> bend away from normal = the right ray is correct

From X to Y : optical less dense medium to denser mediom

=> bend towards normal => ray R is correct

DSE Physics - Section C : M.C. Solution PC - WA3-MS/03

WA3 : Reflection and Refraction of Light

10.

12.

13.

14,

16.

C
* [€9)] angle between incident ray and normal =48° .. i > ¢
—» total internal reflection occurs .. no refracted ray
v ) Incident angle : i=45° .. i > ¢ = total internal reflection occurs
v 3) Incident angle : i=60° .. i> ¢ = total internal reflection occurs
C
x A, refracted angle = reflected angle
B. There must be a reflected ray.
v C. incident angle = reflected angle and refracted ray bends away from normal
x D. There exists no top left light ray.
A
* ) Glass is a optically dense medium than air, thus total internal reflection would never occur.
v 2) From water to air, light travels from denser to less dense medium,
For water, sin ¢ = __1 1 , critical angle ¢ = 48.8°, thus, i > ¢, total internal reflection occurs.
33
x 3) Glass is a denser medium than water as its reftactive index is greater,
thus total internal reflection would never occur.
D
v [¢H)] due to refraction of light ray from water to air bends away from normal
v ) due to refraction of light ray from water to air bends away from normal
4 3) due to refraction of different colours of light having different refractive index in glass
c
H H o
p o 06 SindS g
sing sin 30°
B
) Optical fibres make use of total internal reflection for transmission of signal without loss of energy
v 2 A prismatic periscope uses two prisms to reflect light,
light rays under total internal reflection so that no multiple images are formed
* 3) Plane mirror makes use of reflection, but not total internal reflection.
D

From air to glass = from less dense medium to denser medium
— refracted ray bends towards the normal

Some of the incident ray undergoes reflection to give the reflected ray
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17. A 24 C
. 5inby  sin® Angle between edge of the glass block and incident light = 47°
sin 64, sing i = 90°—47° = 43°
. slope of the graph of sin 6 against sin ¢ = refractive index of the glass 7 As the emergent angle is 90°, the incident angle 43° is the critical angle of glass
n= =147
18. D sin 43°
Alr —» glass less dense to denser = bend towards normal = either A or D is correct
Glass — air ; denser to less dense => bend away from normal = D is correct . B R
air — glass, more optically denser, the ray will bend towards normal. N
= ~
19 B glass — air, optically less dense, the ray will bend away from normal, ~
v (1) Diamond cutting makes use of total internal reflection to give sparkling effect 2 D
v ) Mirage occurs when light in air undergoing total internal reflection.
* 3) The ruler that seems bent involves refraction only
20. B
i i light travels from air into glass, it bends towards the normal.
v ) Due to refraction of light, the actual position of the fish is different from the image of the fish s E‘ .
) ‘When light travels from glass to air, it bends away from the normal.
v @) Different colours of light undergo different degree of refraction to give the spectrum
x 3) A glass fibre makes use of total internal reflection to transmit the light ray. 27 A
The pool of calm water acts as a plane mirror to give the image.
213 D
Direction of travel : 28. C
[¢5] Enter into air cavity = denser — less dense = bends away from normal Images of Martha and Eric are at the same distance behind the mirror as the objects.
@) Leave the air cavity = less dense — denser = bends towards the normal | Thus, image of Martha is at 3 m behind the mirror.
In addition, red light should have the least deviation. | Distance between Eric and image of Martha = 1+3 = 4m
i
22. D | 29. A
Air — glass :  The light bends towards the normal.
Glass — air:  The light bends away from normal.
23. A image
Since the image formed by a plane mirror is laterally inverted, the object should be as shown in the figure.
A ¢ Object Thus the actual time is 3:58.
- ) 1
1 3. B
_____________________________ e P —C | i i i
The blackboard has rough surface and thus gives diffuse reflection.
Image l é_—_)_% Observer’s eye | M g & i
* ) A polished metal surface has very smooth surface and thus gives regular reflection, not diffuse reflection.

As shown in the figure, the image observed by the eye is inverted.

v 3) The paper surface of a page in this book is rough and thus gives diffuse reflection.
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S8 o | 5. B
Since the incident angle is 45°, as total internal reflection occurs, the incident angle must be greater than the critical angle, | 7 = sin G,
X T T4
i>e o 459 > ¢ or c < 45° sinéy
By sinc = 3 , critical angle of different materials can be found. sin 50 = g = 'Sm rn Sor = 415°
" sinr sin 35
x I A refractive index of 1.35 gives a critical angle of 47.8°, that is greater than 45°.
2) A refractive index of 1.45 gives a critical angle of 43.6°, that is smaller than 45°, 36. A i B
wal
v 3 A refractive index of 1.55 gives a critical angle of 40.2°, that is smaller than 45°. Ha
: = M
2. D : 'y
3m| % § ; 3m
plne | B, 0 : N
==
R 77 S
' Sm Im 4m 0
A\ Consider the image at the same distance behind the mirror.
eye A
The image height is 3 m and the image distance is 5 m.
The image formed by a plane mirror is virtual, erect and same size. By similar triangles, h - 1 o h=05m
3 1+5
3.
3 , — 7. D
By use of the two similar triangles, ) .
d 30015 w e sind,, _ sin(90° - #)
06 15 sing,,,  sin(90°-6)
. d = 1200.6 ~ 1200 m !
3 1.5m |
| 38, B
Speed of the cloud : . .
d 1200 e Y 00T * (1) The angle of incidence should be greater than the critical angle for total internal reflection to occur.
=< =""=60ms” 74 )
’ ! 20 soms i 3 x 2 No refracted ray appears if total internal reflection occurs.
image of the cloud g
v 3) Total internal reflection occurs only if the ray travels from an optically denser medium
to an optically less dense medium
34 A 39, B P .
| % (68] 0Z should be the incident ray with incident angle
! of 30°. Y.
* ) PQ should be the air-glass boundary. 60°_| 405 .
v 3) The light ray travels from glass to air as shown, : R N s
! OX is the refracted ray and OY is the reflected ray. 30°
60°
'I V4
The light bends away from the normal from water to air. | glass air

The light then bends towards the normal from air to water.
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40.

41.

42.

43.

44,

B

In X, total internal reflection occurs at the incident angle of 45°, thus i > ¢, the critical angle is less than 45°

In ¥, total internal reflection does not occur at the incident angle of 45°, thus i < ¢, the critical angle is greater than 45°
In Z, total internal reflection just occurs at the incident angle of 45°, thus the critical angle is 45°.

The critical angles are in the order of ¥ > Z > X.

By n = 1/sinc, the greater the critical angle, the smaller is the refractive index.

Thus, the refractive indices are in the orderof X > Z > Y.

A

vacuum M

glass

As shown in the figure, both of the rays have the same refracted angle but the incident angle of X is greater than that of ¥,
By n = sini/sinr, greater incident angle i gives greater refractive index », thus X has greater refractive index in glass.

Since both X and ¥ are electromagnetic waves, they must have the same speed in vacuum,

B
P Q R s
sini 0342 0.643 0.866 0.985
sinr 0242 0375 0.616 0.695
sini/sinr 141 1.71 1.41 142

In refraction, the ratio of sin i / sin » should be approximately constant.

The data of Q gives a different ratio, thus it should be wrong.

A

From the figure, critical angle ¢ is 50°.

Byn=_1 = 1

sinc  8in50°

= 1.305

When light ray enters the block from air,
incident angle is i and refracted angle is 40°. i

By n= S . (1308 = _Sini_
sin 7 sin 407
i= 57° W 8 =90° - 57° = 33°
D
v [¢))] Since total internal reflection occurs along the optical fibre, less data is Jost in transmission.
v ) Light waves can carry more data than radio waves, thus data can be transmitted at a higher rate.
v 3) Optical fibres are thinner than copper wires, thus they take up less space.

45.

46.

47.

48.

49,

50.

51.

o]

When light travels from air to glass, speed decreases, frequency remains unck

d, and wavelength decreases.

B
* (€8} The image is virtual since the calm water sutface acts as a plane mirror that can only give virtual image.
v @) If the water surface is calm, then regular reflection occurs to give a clear image.
x 3) The size of the image must be always same as the object, and is not affected by the object distance.
v ) This is possible as the critical angle is 50°, the refracted angle is 40° when light enters the block.
4 ) This is possible as the refracted angle is 45° when light enters the block,
the incident angle is also 45° when light leaves the block.
% 3) This is impossible as the critical angle is 40°, but the refracted angle is 50° when light enters the block.
B .
8
b g o Bx10) 5 on= 1875
Vi (1.6x10%)
1 N
- b (LBTS) = —— ¢ = 322°
sine sine
C
Intensity of refracted beam drops to zero when 6= 30°, thus the critical angle ¢ =30°
Refractive index of the medium X : nx = L 1 -,

sinc sin30°

Refractive index can be defined as the ratio of speed of light in air to that in the medium.

g = Yair Y _
Vx Vx
D
* (1) Frequency remains unchanged when light travels from glass to air.
@ Light travels with a greater speed in air than in glass.
3) Wavelength must increase when light travels from glass to sir, as Ao v during refraction,
B

By n,sinf, =n,sinf, =n,sinf,

i o e
siné

L0 > 6> 6 ny>n>n
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52. B - B
Since total internal reflection occurs when light travels from (2) to (1), there is no refraction in medium (1), During refraction, speed v o sin &
thus, sin & > 1. < &
ApgEd =4 1 medium 1
From the figure, & > 6, B B 2 :
sin & > sin & > sin 6 OR 6\& medium 2
|
ki By misin 6 = msin 6 = msin & = medium 3
Vv >
As B < 6 < 6
Thus, n2 > m > m3
53}, A .
Since the speed of light in medium : ¢ o 1 a<a<ca
n
v (0))] Since v cc 3 , water has smaller refractive index, thus speed of light in water is faster.
n
x @ When light travels from one medium to another medium during refraction, frequency is unchanged. 58, B
3 3 Since sin § o 1 , glass has greater refractive index, thus angle of refraction in glass is smaller, Wavelength in air = 4 units
I Wavelength in the medium X = 3 units
light should bend towards the normal from water to glass. 2 4
Refractive index ; n = Zair = X = 133
Ax 3
54. A
.
—_— 59. c
Incident angle in the medium X = 90° - 40° = 50°
By Law of reflection, reflected angle = incident angle
This is the fisheye’s view, which is a daily life examples of total internal reflection. Reflected angle in medium X = 50°
The semi-vertical angle is the critical angle. Refracted angle in air = 180° —70° — 50° = 60°
Thus, tanc = k- Refractive index of medium X :
’ _ [Einls., O
"= Snf,  sins0°
55. D
sine= 1= _1 s = 488° 60. A
noE v (e8] Different colours of light have different speeds in glass,
tane = L - tandg.ge = A7) SLod=15m thus the refractive indices of glass for different colours are different.
‘ ! * ) In vacuum, all colours travel with the same speed.
x 3) The frequencies remain unchanged during the refraction when light travels from air to glass.
56. A
R fla €
In the graph, draw the normal lines. \% 1
Make down the angles as shown. !
image object From the graph, ) & : il
<& <6

Since the image formed by a plane mirror is erect but laterally inverted, the object should be as shown in the figure.

Thus the actual time is 3:58.

As sinf v 1t

=

vy <y <wvz
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63.

64.

65.

D

Different colours have different speeds in glass,

thus different colours have different refractive index in glass
and undergo different degrees of refraction

to split (disperse) into a visible light spectrum.

B
By nysin & = mgsin 6 = n,sin G
(1.33) sin 8 = (1) sin 90° < refractive index of air is equal to 1 >

0 = 48.8°

D
Refractive index :
sind, _ sin(90° -44°) _ sin46°

" sinf,,,  sin(90°—56°) sin34°

glass

D
Since the image formed by a plane mirror must be erect and laterally inverted,

the object should be the one shown in option D.

Use the following data wherever necessary :

Speed of light in vacuum ¢ =3x10"ms’

Part A : HKCE examination questions

1. <HKCE 1988 Paper1-6>

4 B

The figure above shows a ray of light entering a semi-
OE. Part of the light is then reflected along OB. A set o

circular plastic block in direction 40 and is refracted into the air along
£ readings for different angles & and ¢ are measured. The results are

tabulated as follows : eV Gy i Gk 2 AR s
8 10° 15¢ 20° 25° 30°
[ 16.1° 24.5° 33.2° 42.5° 53.1°

! 7. =1

(a) (i) Plotthe graph of sin ¢ (verﬁcal axis) against sin
to 0.05.

\' e £ ‘z’ . ~ Cf( & Ve Y o .
@ (horizontal axis) on a ptece of graph paper using a scale of 1 cm

(5 marks)

S

(ORITRI *

N
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2,

(a) (i) Find the slope of the graph and state its physical meaning, (3 marks)

(i) Calculate the critical angle of the plastic. (2 marks)

(b) Briefly describe the change in brighiness of
8
(i) the refracted ray OF and
(i) the reflected ray OB, as angle @is gradually increased from 0° to nearly 90°, (3 marks)

(¢) Describe briefly ONE application of total internal reflection in everyday life. (2 marks)

<HKCE 1991 Paper I-3>

The figure above shows a ray of red light entering a semi-circular glass block in the direction AC. The angle of incidence at
Cis 30°. The critical angle of red light for the glass block is 39°,

(a) How would the frequency, wavelength and speed of the ray be affected when it enters the glass block ? (3 marks)

(b) When the ray reaches C, it splits into two. On the above figure, sketch the two rays. (3 marks)

(c) Calculate

(i) the refractive index of the glass block, and (2 marks)

(ii) the angle of refraction of the ray on leaving the glass block. (2 marks)

2.

inci k)
(d) What happens if the ray reaches C with an angle of incidence greater than 39° 7 {1 mark)
(¢) A periscope consists of two right-angted prisms.
i 3 mark
@) Draw aray diagram to show how the periscope works. (3 marks)
; . 7
(i) State one advantage of using right-angled prisms over plane mirrors. (1 mark)
< HKCE 1993 Paper 1-3>
Thin glass fibres can be used as a light guide.
(@) Explain, with the aid of a diagram, how a light ray is transmitted along a curved glass fibre. (3 marks)
(1 mark)

(b) State one application of light guides.

< HKCE 1993 Paper X -3 >

B

A ray of light travelling in the direction gla
refra)(,:ted along OB in the glass block. Different values of th.e anglg of incide;
the angle of refraction ¢ are measured. The following result is obtained :

AQ in air enters a semi-circular glass block as shown in the figure above.. The ray is
nce © are used and the corresponding values of

0 15° 20° 25° 30° b

40°

9.0° 12.9° 16.3° 19.0° 22.3°

¢

25 1%

-
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4.

(a) Using ascale of 1 em to 0.05, plot the graph of sin 8 (vertical axis) against sin ¢ (horizontal axis) on graph paper.

(5 marks)
. SRR 1, oy g - o ey ”
awo |0 IVY | GRAL| G442 | G5 | OF 14|00 fun
ing 056 | G445 G622 o s |G T 6. %2
0)
I
-
on |
0 * ' | :
(b) Find the slope of the graph and state its physical meaning. (3 marks)
arks
(c) A student predicts that total internal reflection will occur when 8 = 45°. Is he right or wrong 7 Explain briefly
(3 marks)

< HKCE 1995 Paper 1-3 >

A boy 1.5 m tall stands a few metres in front of a plane mirror 4B which is hung on a vertical wall, The boy’s eyes are 1.4 m
above the ground. He can see all of himself in the mirror. In Figure 1, PQ represents the boy and £ is his eyes.

@

®)

@

A
S < Sery v
=WET - B "
Figure 1 EEtun
g m e
e
1) L)
£ H assgsgggnses
[t
L2
Figure 2
B
4. R
) 4144
o § L
State three properties of the boy’s image as formed by the mirror. (2 marks)
In Figure 1, draw
(1) the image of the boy formed by the mirror,
(2) the paths of two rays, one from P and one from 0, to show how the rays reach his eyes. (4 marks)
Using (b), or otherwise, find the minimum length of the mirror AB for the boy to see all of himself. (2 marks)

If the boy moves a few steps towards the mirror and the length of the mirror is equal to that found in part (c), can the boy
still see all of himself in the mirror ? In Figure 2, draw a ray diagram to illustrate your answer. (3 marks)
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6.

J

7.

< HKCE 1995 Paper 1- 5>

Diver’s eye

A diver stays at a depth of 3 m under water in a lake. When the diver looks upwards, the scene above the water surface is
compressed into a circular patch of radius r at the water surface as shown in the above figure. The refractive index of water is
1.33.

(a) Calculate

(i) the critical angle of the water, (2 marks)

(ii) the radius 7. (2 marks)

(b) A fisherman stands beside the lake as shown in the above figure. Can the diver see the fisherman ? Draw a ray diagram
in the above figure to illustrate your answer. (2 marks)

<HKCE 2001 Paper I-7>
@

Figure 1

A ray of light travelling in air in the direction PO enters a semi-circular glass block as shown in Figure 1 above. The ray
travels along the direction OQ inside the block. Different values of the angle of incidence © and the corresponding
values of §, the angle between OQ and the normal, are measured. The following results are obtained :

e A

[ Y W . § -
8 0 15° 30° 450 600
¢ 0 9.50 19.0° 27.0° 34.0°
T T 633 Uaiv =

(i) Name the wave phenomenon shown in the above figure. (1 mark)

7 (a) (i) Usingascaleof 1cmto0.1, plot a graph of sin 6 against sin ¢ on graph paper. (5 marks)
WSS
\ T A
9 i I Ly
" ] #
Fa
1 Be B
Lt
A E g
v
G ¢ i
I OG-0 Gr oy o o 96 01 &8 C C( /‘1/'"7\///
(3 marks)

(iii) Using the graph in (ii), find the critical angle of the glass.

h a smaller refractive index, on the same graph in (ii), draw

(iv) If the glass block is replaced with a Perspex block wit A

the graph of sin 6 against sin ¢ you expect to obtain.

() Given that the refractive index of diamond is 2.4 and the refractive index of glass is about 1.6, explain why a diamond
sparkles more than a piece of glass of similar shape.

[Hint : You may consider the paths of rays entering the diamond and the glass from the top (see Figure 2).]

1222

Figure 2

(3 marks)
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8.

9.

<HKCE 2002 Paper I-1>

(a) A plane mirror can be used as a rear-view driving mirror. State one advantage and one disadvantage of using the plane
mirror as a driving mirror, (2 marks)

®)

The Figure above shows an ambulance. Explain why the word AMBULANCE is printed in the form as shown in the
figure.

(2 marks)
<HKCE 2002 Paper 1-1>
ray ———» A —
The Figure above shows the structure of part of a pair of binoculars, which consists of two triangular prisms.
(2) In the figure below, complete the path of the ray. (1 mark)
13y ——p
(b) Give one advantage of using triangular prisms over plane mirrors in making binoculars, (1 mark)

10. <HKCE 2003 Paper I-2>

(a) A ray oflight travels from water to air with an angle of incidence 30°. The refractive index of water is 1.33,

(i) Find the angle of refraction of the ray in air. (2 marks)

(ii) Find the critical angle of water. (2 marks)

' ®)

| w Peter’s eye
4 i

Peter places 2 coin in an empty cup. As shown in the above Figure, he cannot see the coin. After pouring some water
into the cup, he finds that he can see the coin without changing the position of the cup or his eyes. In the above Figure,
draw a ray diagram to illustrate how Peter can see the coin. (2 marks)
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11, <HKCE 2004 Paper I-1>

1}
Lo

Figure 1
glass block '

Figure 1 show a set-up used to study the relationship between the angle of incidence o and the angle of refraction 3 of a ray
of light travelling from air into a semi-circular glass block. Figure 2 shows a graph of sin ¢ against sin .

sif &

Figure 2

> sin S

(a) Find the slope of the graph in Figure 2 and state its physical meaning, (3 marks)

(b) Philip predicts that if o is increased to 50, total internal reflection will occur. Explain whether he is correct or not.
(2 marks)

12.

13.

<HKCE 2005 Paper 1-10 >

Optical fibres are widely used in telephone communication. The voice signals are transmitted in the form of light through
optical fibres.

(a) Figure 1 shows a light ray travelling towards an optical fibre.
(i) InFigure 1, sketch the subsequent path of the ray. (2 marks)

(i) Name the wave phenomenon that occurs as the ray travels inside the fibre. (1 mark)

(b) State two advantages of using optical fibres over copper wires in telephone communication. (2 marks)

< HKCE 2007 Paper I- 5>

The Figure below shows a playground after raining. Images can be seen on the calm water surface of the wet ground.

(a) Explain why images can be seen on the calm water surface. (2 marks)

(b) The Figure below shows an object AB above the water surface PQ.

Tl I e | i ) 3 i 1
i ] t
P t
H )
- g Y ¥
2
8
y | by
ix: "
2 10 I ki
i o d.
[ i |1 1
J i 4 -
1
¢ bt
2
i i ] 1 )

In the Figure,
(@) draw the reflected rays of the incident rays x and y;

(i) hence, draw the image of 4B. (4 marks)
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< HKCE 2008 Paper 1-10>

A teacher performs an experiment by directing a red light beam from air normally to the straight edge of a semi-circular glass
block with centre O (see Figure 1). The refractive index of glass is 1.48.

Figure 1 i \

red light beam - -
(a) Find the critical angle of the glass block. (2 marks)
(b) Ifo=45°,
(i) describe and explain what happens when the light beam hits point .X. (2 marks)
(ii) complete the path of the light beam in Figure 1 until it finally emerges from the glass block to the air. (2 marks)

() If the light beam travels in the same direction but with a shorter distance from O, with @ < 40°, sketch the path of the
refracted beam at ¥ and mark the angle of refraction as » in Figure 2. (2 marks)

Figure 2

HiE |

o) red light beam

DSE Physics - Section C : Question PC-WA3-Q/13
WAS3 : Reflection and Refraction of Light

| 15. <HKCE 2011 Paper1-4>

It is known that the refractive index of glass is different for light of different wavelengths, Figure (a) shows a blue light ray
passing through a glass prism. Some angles are measured as shown.

screen

blue light ray

glass prism

Figure (a)

(a) Determine the refractive index of glass for blue light. (2 marks)

It is known that the refractive index of glass for red light is smaller than that for blue light.

| (b) Now, the blue light ray is replaced by a red light ray as shown in Figllxre (b). The dotted line (—+— - —+ -~ ) shows the
original path of the blue light ray. Sketch the path of the red light ray in Figure (b). (2 marks)

screen
|

red light ray

glass prism

Figure (b)
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) DSE Physics - Section C : Question PC-WA3-Q/15

WA3 : Reflection and Refraction of Light

Part B : HKDSE examination guestions

16. < HKDSE Practice Paper IB - 6 >
The Figure below shows the following apparatus :

A low voltage power supply, a ray box with a single slit, a full scale protractor and a semi-circular glass block

Describe how to use the above apparatus to measure the critical angle of the semi-circular glass block.

(5 marks)

17. <HKDSE 2014 Paper IB-5>

o shows the cross-section of glass block ABC. 4BC is a quarter circle with its centre at 4. A ray of red light

The Figure abov
is incident at P on face 4B and the refracted ray strikes the face AC at  as shown.
(a) Calculate the refractive index of the glass for red light. (2 marks)
(b) Explain why the ray is totally reflected when it strikes the face AC at Q. (2 marks)
(¢) In the Figure, sketch the subsequent path of the ray until it finally emerges from the block to the air. (2 marks)
|
i
|
|
|
be observed when it finally emerges from the block ? (1 mark)

(d) Ifthe incident ray is a ray of white light, what can
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18.

< HKDSE 2015 Paper IB - 6 >

Read the following description about a mirage and answer the questions that follow.

A mirage is often seen on highways during hot summers. Pools of water seem to cover the roadway far ahead.
Distant objects appear to be reflected by the surface of the 'water', The phenomenon is caused by the difference
in refractive index between the hot air near the road surface and the cooler air above it. The refractive index of
cool air is greater than that of hot air, but the differences are so small that the subsequent deviations of light rays
are tiny. Sufficiently large temperature difference between the hot air near the road surface and the above cooler
air over 2 short height (i.e. high temperature gradient) and light rays travelling along sufficient long path lengths
are required to fortn a mirage,

The Figure above shows the mirage seen on 2 highway. This photo was taken with a telephoto lens which gives
the perception that the viewer is very close to the car ahead.

observer a light ray from distant objects

Figure 1 and 2 illustrate the principle of the phenomenon. Air of different temperature is simplified to several layers
and modeled as parallel slabs as shown in Figure (b). The bending of the light ray from distant objects is much exaggerated.
&, 6, 65 and 6y denote the angles of incidence at various boundaries of air layers.

observer's eye

Diagram NOT drawn to sca;l

n  cooler air

hot air

Figure 2

(a) State ONE essential condition for a mirage to be observed. (1 mark)

18.

19.

Referring to Figure 2, deduce the relationship between 6, 6 and refractive i.ndcx m, na. I-'.or total internal
reflection just to occur at R, @ can be taken as 90°. Hence, find the corresponding value of & if m = ;ml
and ng = 1.000221. (:

®) @

(i) Find L in Figure 1 if h= 1.5 m. (Note: a+ & = 90° in Figure 2.) (2 marks)

(c) A thirsty traveller in a vast desert sees similar mirages such that a 'water source' appears at W which is distanlce L away
like the one in Figure 1. If he walks a distance L towards the 'water source', how far would the 'water source' appear to

him ? Explain your answer. (2 marks)

< HKDSE 2017 Paper IB - 7>

(a) A light ray enters a rectangular plastic block 4BCD from air at point E, and the angle of incidence is 6. The light ray
emerges along face BC as shown in Figure (a). The refractive index of the plastic is 1.36.

C

Figure (a)

(i) Find the critical angle of the plastic. (2 marks)
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19. (a) (ii) Find the value of . (3 marks)

(iii) If the light ray enters the plastic block at point £ with an angle of incidence larger than 6§, sketch the path of the
light ray in Figure (a). (2 marks)

(b) A student designs a periscope using two plastic prisms, the refractive index of the plastic is 1.36. As shown in
Figure (b), an object is placed in front of the periscope.

object

Figure (b)

observer il

{

(i) Complete the path of the light ray from the object in Figure (b), and explain why the periscope fails to work.
(3 marks)

(if) What can be used to replace the two plastic prisms so that the periscope can work properly ? (1 mark)

’ HKEAA's Marking _ 3
Students and teachers who are not involved in the marking process are

ing Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.

Question Solution

L @ O

sin 8 0.17 0.26 0.34 0.42

0.5

sin ¢ 0.28 041 0.55 0.68

(if)

sin ¢

0.5}

04

0.3 T

02

0.1 0.2 0.3 0.4 0.5

< Correct label of axis >
< Correct scale >

< Correct points > (1/2 mark each, up to maximum of 2 marks)

< Straight line >
0.8
Slope = ——
& 0.5

= 1.6 <from 1.58 to 1.66 is accepted >

The slope is equal to the refractive index of the plastic.

sin 6

advised to interpret the Marking Scheme with care.

il
2y
i2]
(1

{11

f1]
(1]
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(a

ot

®

=

(c

<

@

®)

©

(i) sine= =L
n 162
= 38.1° <from 36.5°to 39.7° is accepted >

(i) Brightness of OF gradually decreases and

the brightness becomes zero after 8 = ¢

(i) Brightness of OB gradually increases

and then becomes very bright after =c

Optical fibres

used in telecommunication
OR

Endoscope

to examine the internal organs of patient

The frequency remains unchanged.
The speed of the ray decreases.

The wavelength of the ray decreases.

<reflected ray drawn correct >
<refracted ray drawn >

< refracted ray bent away from normal >

M p=-L . 1
sinc  sin39°
on=1.59
» in 8
G 2. 59
sin 30°
d =52.7°

]

m

(1]
1

[1]

(1]
it}

1
[

{1
f1]
n

(1]
1]
m

{1]

[1

{1

1

(d) Total internal reflection occurs

@ O

A 4

< Correct position of prisms >
< Correct orientation of prisms >

< Correct light ray >

(ii) Any ONE of the following :
%  Prisms do not have multiple reflections.
%  Prisms do not give multiple images.
%  The image will be clearer.
*

The image will be brighter.

@

< light ray travels from end to the other end >

< g few total internal reflection occurs >
The ray travels along the glass fibre by total internal reflection.

(b) Any ONE of the following
% Telecommunications

% Endoscope for internal examination of patients

{1

i
{1
1

1

{1
(1

{1

1




D ics - Secti : i i . . . ;
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: Reflection and Re i i : . :
Refraction of Light ! WAS3 : Reflection and Refraction of Light
|
@ | ,
e _— | 4. (¢) Heiswrong [11
sin B 0.34 !
042 — 0.57 0.64 | because total internal reflection would not happen m
sin ¢ 0.16 0.22 0.28 033 0.38 0.42 when light travels from air to glass (OR froma less dense medium to a denser medium) f1]
i <OR>
sin @
He is wrong m
because total internal reflection can only occur il
when light travels from a denser medium to a less dense medium 1
0.6
5 (a) Any THREE of the following : [2]
0.5 *  virtual
%X erect
* same size as the object
04 % laterally inverted
* image distance is equal to the object distance
’ b
03 ' () e o
|- B Lt
i i
{
0.2 | i 2 +
| ; Bt 8
|
4 ! Figure 1 >
0.1 |
'r ¥
| Al
| P! 1§
) 1
. ¢
0 0.1 02 0.3 0.4 0.5 .
g 1
< Correct labelled axes > i 2 !
<C t !
mmeiCeslor 17 ! < Position of image correct > [1]
< C i \
orrect points > [1] < Height of image correct > ]
< Strai i
aight lines > [1] < Ray from P correctly reflected > [1]
0.64 < Ray from @ correctly reflected > [0
® Slore = 542 [
(c) From the above diagram,
= 1.52 < from 1.48 to 1.56 is acceptable > [ i
minimum length of mirror = distance between points Xand ¥
The slope represents the refractive index of glass. 1] 0.75 (£ 0.03 m) (21
= 075m (£0.03m
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5. (d) Yes, the boy can still see all of himself, 1] I'7. (@ () refraction {1y
o T (i)
10 : Shie sin 6 0 026 0.50 0.71 0.87
sin ¢ [ 0.17 0.33 0.45 0.56
A 4
Aamgd sin R
Figure 2 08
;i 15 07 s
0.6
44
; 05 %
I i 13 0.4
< Ray from P correctly reflected from P’ > 1 ' 03 &/ 4
< Ray from Q correctly reflected from Q' > [1] 0.2
l. 0.1
; 1 1 sin ¢
6. @ () sine=—-=— 1] i 0 01 02 03 04 05 06 07 08
n 1.33 |
|
© ¢ = 48.8° [11 | <2 axes labeled correctly > 1
7 I < Correct scale > [1
i) ot = =
(i) ane = — ‘ < Correct points > (2]
|
tan48.8° = % [1] < A best straight line through the origin > [1]
r=343m <accept 3.42m> [ [ (iti) Slope oftheline = n = %6270 — 155 <accept 1.52101.58> [
: 0.40-0
(b) As shown in the diagram below, the diver can see the fisherman. 1] . sifiE = 1 . 1 |
! n 1.55
‘ Soe=402° <accept 39°to 41°> 1]
i (iv) Graph drawn on part (i}
< A straight line through the origin. > [1]
Diver’s eye < Slope of the line should be smaller than that in (ii) but must be greater than 1 > 1
4 4
| (b) As the refractive index of diamond is larger than that of glass,
<aray should be drawn from the body of the fisherman into the diver’s eye > [1] the critical angle of diamond is smaller than that of glass. [
] ; [

(Note that the light ray should not be along the circular path) i Therefore, more light would have total internal reflection inside the diamond than inside the glass. [1]
(No mark is given if the arraw is in the reverse direction ) ! So more light would leave the upper surface and make diamond more sparkling, [1]
|

\




DSE Physics - Section C : Question Solution PC-WA3-QS/08 DSE Physics - Section C : Question Solution PC - WA3-QS /09
WAS3 : Reflection and Refraction of Light WA3 : Reflection and Refraction of Light
8 (a) Advantage : the plane mirror can give same size images. [1] 12. (@ @
Disadvantage : the plane mirror has multiple reflection that makes the image not clear. [1]
(b) The drivers of cars in front can see the word “AMBULANCE” in the right way [13 /
through the rear-view driving mirror. 1 < reflected angle = incident angle during internal reflection > m
< all correct > [11
ii) total internal reflection 1]
o @ & 2
(b) Any TWO of the followings : 2}
% Optical fibres can transmit the signals with little loss than copper wires.
ray > * Optical fibres can carry more information than copper wires.
*  Optical fibres are much lighter and thinner than copper wires.
(b) Advantage : (any ONE of the following) 1]
%  Using prisms can prevent multiple reflection. (OR prevent formation of multiple images) 13.  (a) The calm water surface gives a smooth reflecting surface. 1]
*  The image formed is clearer. (OR brighter) Regular reflection occurs at the water surface. [1]
®) i
10. @ @ By n= S0k 8] j
$in 0y, X
. X ol
(133) = SN 5 O = 41T [1] ] gE==
sin30° u
: ~ =
» !
- 1 1 Z 7z
(i) sine = == — 1 =
n 133 By p Y
¢ = 48.8° [ i
(b) N7 Peter’s eye x i
[2]
< Reflected ray of x drawn correctly > 1]
< Reflected ray of y drawn correctly > m
< Dotted lines extended correctly > 1]
< Image drawn correctly > [1]
b @ s 6 o | 4 @ n=-l [1]
a) slope = —— sinc
P 0.4
148 = e
=155 (1.50to 1.60 are acceptable) (1] E Sng
The slope is the refractive index of the glass. [1] . ¢ =425° 1]
(b) He is not correct. [1] (b) (i) The angle of incident & (45°) is greater than the critical angle, [1]
Total internal reflection will not occur when light travels from a less dense medium to a denser medium. [1] thus, total internal reflection ocours at X. (1
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|
4. () (D) H i 16. Connect the ray box to the power supply (and switch it on). 1
! Put the semi-circular glass block onto the protractor.
- - Z s i . i The centre of the semi-circular glass block should coincide with the centre of the paper protractor. 1]
EE = R B i R > Direct a light ray into the glass block through the curved side towards its centre. [1]
F 160 Vary the incident angle in the glass block until the refracted ray is parallel to the straight edge of the glass block. [1]
FE- a . S Read the incident angle from the protractor and the critical angle of the glass block can be obtained. [1]
LI x o - < accept using diagrams >
HEA A - H
X ] B : 7. @ g = sin
EHEEN i sin g
red light beam _ sin(90° -30°) [1]
< total internal reflection drawn at X > 1] sin(90° ~54°)
< all rays are correct > 1 = 1.47 [1]
© : 5 ® sne=1=_L
I 7 ny 147
o " | L oco=429°  <accept 42.7°> [
\} L i
‘f At O, the incident angle i = 54°
A -
! Since the incident angle i > critical angle ¢, total internal reflection occurs at Q. [1
i ‘
[ - - ©
i
|
|
|
red light beam i
< refracted ray comes out from ¥ and bends away from the normal > 1 | < the ray is totally reflected at Y, with reflected angle = incident angle > 1]
< angle r marked correctly > {11 , < the ray bends away from normal (dotted line) at the curved surface (no dotted line drawn is accepted) > [1]
i
‘5 (d) The white light dispersed into a spectrum. m
|
o . i
15 @ n= S.lnl - s?n60 m i OR
sinr  §in36° |
The white light splits into different colours. [11
=147 [1] ‘
®) 1
[2] ' 18. () Any ONE of the following : [1]

# Total internal reflection occurs.
#  High temperature gradient near the road surface.

A Light rays travel sufficient long path lengths.
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18. ® O m sin @ = nysin & = nysin & = nssin 64 1]
. msin & = nasin G
. (1.000261) sin 6 = (1.000221) sin 90°
. 6 = 89.5° <accept 89.488°> 1]
(i) o =90° - G = 90° - 89.5° = 0.5° <OR 0.512°>
- [1]
2 U8 _pnose L L-172m <accept 167.7m to 1720 m> [
I
(c) The water source still appears the same distance away [1]
because the image is caused by the reflection of light of distant objects at the same angle. [1
19, @ @ sme=Lt=_1_ i
n 136
. c=473° (1]
(ii) Angle of refraction at £: r = 90° — 47.3° = 42.7° [13
By (136) = 29 1
sin42.7°
0= 673° <acoept 62.7°> [
(iii)
5 / .
< correct refraction at £ > [
< correct refraction at BC>  [1]
D
® @
[1]
The angle of incidence of the light ray from the object is less than the critical angle of the plastic prism. [1]
Total internal reflection will not occur. [1]
(ii) Glassprism OR  Plane mirror [1]
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