FKS F3 Phy Book 2

Fundamentals of
F.3 Physics s

Book 2



Content

OIS cvscosmsnmssssinn. e smemesi e a s o SR RS RN T AT S50 S5 4w v o FES TSGR AP TR T ST ST ATATAL 4 o4y svnvsens s nasausnsonss 1
INtroduction £0 LeNSES .............ccooiiiiiiiiiiiii ettt ettt 1
ConStruction RUIES ..ot bbb bbbt be b b sebenas 3
Examples: Images Formed by a Convex or a Concave Lens................ccccocoovvivieninnnecencisnnse e, 6
Constructing Ray Diagrams to Find Out the Images...................ccccooeviieieciieeeeeeeee e 7
The Nature of the Image Formed by LLenses ..................cocovvivviireiiisiieieiee st steteesssesssssts e 10
IV AT N GO OTE 1000500 cnmmssumosmosmusionsssmsis s rasscos s anas i s 055 344 R E A BAS RN sSRaton 13
Further STUAY 00 LeISES.........c.c.oiiiiiiiiiieiiceieeeee et es et e et s se st stes et st st st sssaes s snas 14
Lens FOrMUIA ........ooooiiiiiii st s 22

ElectromATDElic WAl ES cosumsmomummmisinnsismssasmnssmmoisinimianimnmmarsessestsmmmessissasmmansssdsi54H5 S RS SR SRS 24
Electromagnetic SPECITIML.................ooviuieeeeeeeeeeeeeeee et eeeeees e e et eeeeeeeseseesetasesssessesessseseasasesnasestasentaness 24
O GTIT O O Y BORS anuuseommmmssmnsasusssusnisisosmasmnmsnsnsmamo i8S oS0 SIS S AR 29

VBV ... s somnscomsmsassesmsmsmsssn vamencesamsassws mpvssS SRS RS S w YRS Ba AP o e S A a4 ot s 4 G EEF SRS RS 31
INEroduction 10 WAVE ........cccoucuiiiiiiiicct et s 31
DESCEIPEION OF WWAVES c:iiiiiviiiiinrineeeeeoeereseesersreses esssssasesssnsssnen s siss 65588483 537445 RERHAE T34 TEAPRS AR RIS SRS S5 33
Particle MIOTION ..............coiiiiiiiiiiiiccccetet ettt et sa bbb 42
Displacement - Distance Graph.................cccooouiiiiiiiiiiinccee e 45

INVESHZGALIVE STUAY .......coooeiiiiiirieiciciccccte ettt sb et b bbb et e s e se st eseetesenseaesabesaentemesrraessaraens 48
Finding the Focal Length of a Convex Lens..............ccoovviiiniinieiincisene e eeseesessestessessessessesssns 48
Image Formed by a Convex Lens..............ccocouiiiinieiiiiienecc e e 49
NMakine Your'OwWin TelCSCOIE s musmmsmmesssepnsansesssscmmsesss e g e s s s sassacsssesyos 51
Mixing light i the thiee Primary Colonms.. ... ........asmummmmsmimassmorsmnssamsmmms s ommenassmssasss 52
Colours of objects under different colors of ight................ccccooiiiminiis 52

2024-2025 Second Term Examination Past Paper...............coooiis 53

S3 Second Term Examination (2024-2025) ..........c.ccoourimmminie s 53



Lens

Introduction to Lenses

Introduction to Lenses

Due to refraction, light can be bent.

\4

Lens is designed to converge or diverge the light

Convex and concave lenses:

Convex Lens

EFEE

1 =

Concave Lens

converging lens

diverging lens

__(thinner thicker:. in the middle. thinner, thicker) in the middle.

examples i examples

Exercise

Convex lens:

Concave lens:




Introduction to Lenses

Description of convex and concave lens

Convex lens (converging lens)

Symbol

R-'m sizal  ais

e When the thickness (or the curvature) of a lens increases, the focal length

Concave lens (diverging lens)

<5

=
D . -
W ate ) o

Symbol

e Other things being equal, a convex or a concave lens with a greater refractive index has a
focal length.

e As light can pass through a lens from both sides, each lens has principal foci,

one on each side of the lens.

P.2



Construction Rules

Optical centre The centre of the lens

The line which passes through the optical centre and is

Principal axis perpendicular to the lens

Principal focus / foci Refer to the light rays on page 2

Focal length The distance between a principal focus and the optical centre

Construction Rules

Convex Lens Concave Lens
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Construction Rules

Exercis

Which light ray 1s correct?
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Answer: C Answer:

4)

Answer: Answer:

6)

Answer: Answer:
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Construction Rules
7 Which of the following ray diagrams is/are correct?

0 (€))

(1) only
(3) only
(1) and (3) only
. (2) and (3) only

@

o oW p

8) If F, F’ are foci and C, C’ are both at a distance of two times the focal length from the lens,
which of the following ray diagrams is/are incorrect?

W

& coE____ 7 &
@ :
- A. (1) only
X s . B. (3)only
c F'
F ¢ C (1) and (2) only
D (2)and (3) only

9) If F and F’ are the foci of the concave lens, which of the following ray diagrams is correct?

A \ 5 I\
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Examples: Images Formed by a Convex or a Concave Lens

Examples: Images Formed by a Convex or a Concave Lens

Example 1: Convex lens — The image is inverted and (i) diminished (i) magnified.

P.6



Constructing Ray Diagrams to Find Out the Images

Constructing Ray Diagrams to Find Out the Images

Step 1
+ Draw a horizontal line (principal axis) and the symbol of the lens (e.g. convex lens).
+ Mark the position of foci (F and F”) on both sides of the lens. Mark 2F and 2F".

A

Step 2 — Use an arrow to represent an object. Draw the object IN SCALE.

0

o B F 2F

Step 3
o Using construction rules to draw two light rays from the head of the arrow.
* Elongate the refracted light rays until they intersect each other.

Forward elongation: use solid lines (represent light rays)

Backward elongation: use dotted lines (no light rays) Image formation
by convex and

*  The head of the image forms at the point where two light rays intersect. | concave lenses:
* The tail of the image is on the principal axis.

v
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Constructing Ray Diagrams to Find Out the Images

Exercise

Find the image by drawing two light rays from the head of the object.
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Constructing Ray Diagrams to Find Out the Images
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Image

The Nature of the Image Formed by Lenses

The Nature of the Image Formed by Lenses

(1) Real / Virtual

(2) Erect / Inverted (3) Magnified / Diminished / Same size

Real Image and Virtual Image

Real

Virtual

Light rays

Light rays converge

to form an image

- Light rays diverge
- Elongate the rays backward to find the

- Light rays reach our eyes as if they come

intersection (image)

from the image.

Project on screen \ X
How to draw? Solid lines Dotted lines
S
0)
Real Image Virtual Image
Erect and Inverted
Object Image
Erect F
Inverted P




The Nature of the Image Formed by Lenses

Image formed by convex lens

Nature of image formed

1. Diminished
2. Inverted

3. Real

Image is formed on the

focal plane

2.

Ray Diagram
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The Nature of the Image Formed by Lenses

P. 12
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Magnification

Tips
1. Real image must be inverted

2. Virtual image must be erect

74

Magnification

As the image can be magnified or diminished, it is meaningful to find out the ratio of image size to
object size.

The magniﬁcation, m 1s calculated as:

Image size  Image distance
Object size ~  Object distance

(0]
object size. \
[ [
2F F \N\F:\;

object distance

2F
image size
—
¥

image distance

Meaning of different values of m




Further Study on Lenses

Further Study on Lenses

1. A smiley face is viewed through a lens. The face and its image are shown below.

Object

(a) What is the nature of the image?

Image

(b) Is the lens convex or concave?

Reason:

2. For each of the following cases, finish parts (i), (ii) and (iii).

(a)

7

Y

/

(1) Nature of image:

(i) Can we capture the image on a screen?

(iii) Gonvex / Concave

Reason:

(b)

(1) Nature of image:

(ii) Can we capture the image on a screen?

(iii) Convex / Concave

Reason:

P.14



Further Study on Lenses

3. An object (10 cm tall) is placed 20 cm in front of a convex lens of focal length 10 cm.

a) Use a ray diagram to find out the position of the image.

2 p’g | GO INESE—: |-

vV 150]11
o

S5cm

b) What is the magnification of the image?

c) What is the nature of the image?

d) If the object moves further away from the lens, what is the change of its image?

4. Find out the image and complete light rays p and gq.

€ A FERPEGNIEER R

———t e — -

O S
R . S

N
N -

L

f———

wraskas s e crrag
——t e ——e - - 7

S
R

I

a) What is the nature of the image?

b) What is the magnification of the image?




5. Label the foci and find out the focal length of the convex lens below.

Further Study on Lenses

5cm

N/

|

.........

Focal length:

15 cm

What is the magnification of the image?

6. Label the foci and find out the focal length of the convex lens below.

S5cm

]:5cm

........

Focal length:

What is the magnification of the image?




Further Study on Lenses

7. Label the foci and find out the focal length of the concave lens below.

\" Canam&€b
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\

IIIIII

IScm

AN )

ks LTI S USSR RS NI U PP PP

Focal length:

8. An object of height 10 cm is placed 30 cm from a lens. The image is inverted and its magnification

is 3.

a) Is the image real or virtual?

b) Is the lens convex or concave?

c) What is the height of the image?
d) What is the image distance?

e) Find out the focal length of the lens using the ray diagram below.
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Focal length:
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Further Study on Lenses

9. When an object of height 15 c¢m is placed 30 cm from a lens, the image can be projected on the

screen and its height is 10 cm.

a) Is the image real or virtual?

b) Is the lens convex or concave?

c¢) What is the magnification?

d) What is the image distance?

e) Find out the focal length of the lens using the ray diagram below.
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Further Study on Lenses

Multiple Choice Exercise

1. In the diagram below, the image 7 of an object O is produced by a lens. Which is the nature and
position of this lens?

1 A. convex and placed at 4
f B. comnsaye and placed at B
| l"& /[ C. consave and placed at C
, D. comeave and placed at D
-+ } — { 4 } E. convex and placed at E
s ¢ o 4

2. In the figure below, F is the focus of the converging lens. Which of the five rays is INCORRECTLY
drawn?

Converging lens
AN\
P A P
B. O
Object R \\ o é §
S image E. T
v

3. An illuminated letter ‘R’ is placed in front of a lens as shows below and an image is formed on a
translucent screen. The object distance is 30 cm and the image distance is 20 cm. Which of the following
statements is/are correct?

- - -
l: j - Lens
e P Screen

30 ¢y, -
e =~ @ Observer’s
20 m eye
Ty
A. (1) only
(1) The lens is a converging lens. B. (3) only
(2) The image is diminished. C. (1) and (2) only
(3) The shape of the image seen by the observer is 15 D. (2)and (3) only
E. (1),(2)and (3)



Further Study on Lenses

4. If a piece of paper is used to cover one-half of the lens in Question 3, which of the following describes
the change in the image as seen by the observer?

The whole image can still be seen but the image becomes dimmer.

The whole image can still be seen and its brightness remains unchanged.
Only half of the image can be seen and the image becomes dimmer.
Only half of the image can be seen but its brightness remains unchanged.
The whole image disappears.

Mo 0wpE

5. A lens is used to look at some print on a paper. The image of the word "PHYSICS” is shown below.

Which of the following statements is/are true? _
(1) The lens is a converging lens

(2) The image lies between the paper and the

; lens
=i{(.l= :d:l'&:ilﬂ-‘l] =I'A‘\vl (3) The image is real
‘ A (2) only
B. (3) only
C. (1)and (2) only
D. (1) and (3) only
E. (1),(2)and (3)

6. The diagram below shows the image formation of a distant object by an eye. Which of the following
statements 1s true?

The eye is short-sighted and can be corrected by a diverging lens.
The eye is short-sighted and can be corrected by a converging lens.
The eye is long-sighted and can be corrected by a diverging lens.
The eye is long-sighted and can be corrected by a converging lens.
The eye is normal.

_— Retina

moOOwp

7. A man uses his spectacles to focus sunlight on a paper and set it on fire. What kind of spectacles does
he wear and what defect of vision does he have?

Spectacles Defect of vision
A. Converging lens short-sighted
B. Converging lens long-sighted
C. Diverging lens short-sighted
D. Diverging lens long-sighted
E. Sun-glass no defect

P.20



Further Study on Lenses

8. A convex lens is used as a magnifying glass to read some small print in a book. Which of the following
statements is/are correct?

(1) The image distance is greater than the object distance.

(2) The image of the print is real.

(3) The image of the print is erect.

A. (1) only

B. (2) only

C. (3) only

D. (1) and (3) only

E. (2) and (3) only

9. A magnifying glass is used to read some small print in a book. The glass is placed 3 cm from the book
and the magnification is 3. What is the distance between the book and the erect image of the print?
A. lcm

B. 3cm
¢ 6cm
D. 9cm
E. 12cm

10. Which of the following statements concerning the properties of virtual images is/are correct?
(1) Virtual images can be seen by the eye.

(2) Virtual images can be formed on a screen.

(3) Virtual images can be photographed with a camera.

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

D, (1) and (3) only
E. (2)and (3) only
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Lens Formula

Lens Formula

The object distance u, the image distance v and the focal length f of a lens are related by the lens

formula:

S

1
4 o=
v

L
f

The table below summarizes the signs for different quantities:

Quantity

Sign

object distance u

+

image distance v

+ (for real image)

—  (for virtual image)

focal length f

+  (for convex lens)

—  (for concave lens)

In each of the following figures, determine the signs of «, v and f.

1.

2F

I~

P.22

u: ( positive / negative )
v: ( positive / negative )
fi(positive negative )

u: ( positive negative )
v: ( positive / negative )
/: (positive / negative )



Lens Formula
Example 1

A student examines a stamp using a convex lens of focal length 6 cm. He places the lens 2 cm from the
stamp.

(@) Find the image distance.

(b)  Isthe image real or virtual? Explain your answer.

Example 2
When an object is 10 cm from a lens, a virtual image ox magnification 0.2 is formed.
@ What kind of lens is used? Explain your answer.

(b) Find the focal length of the lens.

Example 3
Try to use the lens formula to find the focal lengths on p. 16-17.
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Electromagnetic Spectrum

Electromagnetic Waves
Electromagnetic Spectrum

The electromagnetic spectrum is a collection of with all
possible frequencies. Electromagnetic waves consist of oscilteting electric fields and magnetic fields

which are perpendicular to each other.

ascilating

/ m - direction of
/ travel of the
waves

oscillating
elecarc field

Radio wave Microwave Visible X-Ray
l ] ] l l l I
1 1 ] 1 1 ) ]

103 102 1005 107 108 1010 1012 Wavelength (m)
Longer wavelengths Shorter wavelengths
Lower frequencies Higher frequencies

Description of EM waves
Wavelength
_ ) «——Wavelength—vl
+  Wavelength is the distance between A L
repeating units of a propagating wave. / I -
_____ —l——-———-—-oc———-——————vl——————t—____—\{—
I I
1 1

Frequency

»  The unit of frequency is )
1 Hz means one wave / one oscillation per second, 2 Hz means two waves / two oscillations per

second, and so on.
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Electromagnetic Spectrum

Common properties of EM waves

» They are transverse waves.

+ They do not need any medium for transmission. They can travel in

+ All of them have the same speed in vacuunyair ( m/s ).

« Wave speed v = f 4, where the speed v is the same for all EM waves.

— Higher the frequency f, the wavelength A.
g

— Relationship between fand A

fis __ directly proportional / inversely proportional,_ to A.

Applications of electromagnetic radiation
1. Radio wave

+ TV broadcast

» Radar

¢ Telecommunication

« Remote controls (long range)

2. Microwaves

*  GPS navigation

¢ Mobile communication

*  Wireless devices

* Cooking (microwave oven)

3. Infra-red

* Remote controls (short range)
* Sensing nearby objects

¢ Measuring temperature ,
* Heating _— . § ]
* Optical fibre communication | e
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Electromagnetic Spectrum

N — i

‘ Color Wavélength .
| violet 380-450nm |
1 bue | 4sodesom | LV 7 B @ ] v of R g
| green | 4s5670nm |
 yellow | 570-500mm
 orange | 500-620nm |

red 620-750 nm
« Human sight (only visible light can be seen by human eyes)

» The wavelength: nm (violet) to nm (red).

5. Ultraviolet

»  Checking fake banknotes / UV watermark
+ Sterilizing water
« Causing fluorescent materials to emit light

6. X-ray
* Medical imaging
* Luggage scanners
* Studying crystal structure

7. Gamma ray
* Medical imaging
» Radiotherapy




Electromagnetic Spectrum

Summary
Wavelength (m) Applications

Radio wave >10"!
Microwave 103- 10!

Infra-red 7x107-1073
Visible light
Ultraviolet 108 -4 x107

X-ray 1011- 108

Gamma ray <10
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1.

2.

B

4.

Electromagnetic Spectrum

Check your concept

Which of the following statements is / are correct?
I. Invisible spectrum, the frequency of purple light is lower than that of red light.
II. Microwave is used in luggage scanners in airport.
II1. Infra-red is not red in colour.

A) Ionly

B) III only

C) Iand Il only

D) All of the above Answer:

Which of the following statements is / are correct?
I. The wavelength of microwave is longer than that of X-ray.
II. Any electromagnetic rays can be transmitted through the vacuum.
III. Radio wave is mainly used for communication.

A) Ionly

B) Iand III only

C) II and III only

D) All of the above Answer:

Which of the following statements is / are correct?
I. All electromagnetic waves need a medium for transmission.
II. The frequency of ultraviolet light is higher than that of infra-red light.

A) Tonly

B) II only

C) IandII

D) None of the above Answer:

Given that the wavelength of microwaves is 3 cm. Find the frequency of the microwaves.
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Colour of Objects

Colour of Objects

White light is a mix of light of

. We can use

to observe the dispersion phenomenon

We perceive the colour white when our eyes receive light from the entire visible spectrum or an equal

mix of light in red, green and blue, the

of light. Light in

the three primary colours can be combined in different intensities to produce the perception of different

colours. This allows us to generate colour images on an electronic display like a TV screen.

The colour of an object is determined by the light it reflects.

When white light strikes a green object, most red light
and blue light are absorbed while most green light is
reflected by the object. Therefore, the object appears

green.

white light green light

green object

When the green object is observed under only red
light, almost all red light is absorbed, no (or little)
light is reflected and so the object appears black.

red light

an object appears
black if little light is
reflected by it

green object
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Colour of Objects
Check your concept

Green objects mainly reflect green light. Blue objects mainly reflect

White objects reflect

If a white object is placed under white light, most of the visible light in the spectrum is

reflected, and the object appears

If white objects are placed under red light, most ‘ are reflected, the

object appears

A red object appears red in light of all colours. _( T (F.

Light of different wavelengths travel at the same speed in vacuum. ___T,_

—_——

Which of the following statements about light is/are correct?

(1) Light is a wave.

(2) Light of wavelength 400 nm is red to humans.
(3) Light transfers energy.

A. (1) only B. (1) and (2) only
C.{1)and (3) only  D. (2) and (3) only

Which of the following objects appear(s) black to an observer?
(1) A white object in total darkness

(2) A green leaf in red light

(3) A red ball in white light

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

Name the three primary colours of light.
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Introduction to Wave

Wave
Introduction to Wave
What is wave?
Examples:
1.
2.
Definition of wave

A wave is produced from that propagates through space. It means that the

vibrations can travel from one place to another.

From another point of view,
wave is a propagation of energy through matter or space.
It transmits but not ;
11! Important !!!

Take water wave as an example:

vibrate / oscillate

Water Molecules

\ have net movement
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Introduction to Wave

Types of waves

Type Examples

Transverse Wave

The direction of vibration is _perpendicufar / parallel to the direction of propagation or the direction
of energy transfer.

transverse waves direcuon of propaganon

2

/- - . . .
%3~ direction of vibration

Exercise

L. A can is put on the water surface. Which of the following figures correctly shows the motion

of the can when the water wave (transverse wave) passes by?

NS N\ —F

A B c D

o | N

Answer:

P. 32



Description of Waves
Description of Waves
Crests & Troughs

s are the high points of a wave at certain instant.

. are the low points of a wave at certain instant.

Amplitude

Definition

The amplitude of a wave is the magnitude of the vibrations from the
equiltbaum positon

 Physical meaning: describe how strong does the wave vibrate.

*  Symbol: Unit:

Larger amplitude =>_ 1/oye /Less energy of the wave carries.

Hints: Think about the case of water wave!!

VAVAVAVES
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Description of Waves

Wavelength

Definition

The wavelength of a wave is the shortest distance in which a wave

repeats itself.

« Common way to measure the wavelength:
The distance between two successive crests or troughs.

+ Symbol: Unit:
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Description of Waves

Exercise

N
‘._‘L__._

OV B e Wavers

N
/. N\
\

(a)  What is the amplitude of the wave?

(b)  What is the wavelength of the wave?

T [ T T T T ]

Ocm Scm 10cm 1Scm

Find out the wavelength of the wave shown in the diagram.

P.35



Period

Description of Waves

Definition
- The time required to form I complete wave
- The time for a particle on the wave to complete 1 oscillation.

- The time required for the wave to propagate 1 wavelength.
Time
Number of oscillations

Period =

«  Symbol: Unit:
o Example:
1
In 1 second, there are 2 complete oscillations, 7= E =0.5s.

In 2 seconds, there are 8 complete oscillations, 7' = S.

Frequency

Definition

Number of oscillations

Frequency = e
m

Frequency of a wave is the number of oscillations in 1 second.

+ Physical meaning: how frequent a vibration occurs.

+ Symbol: _ Unit:

Check your concept

1 oseillation in 1 second, /= Hz 4 oscillations in 2 seconds, f= Hz

3 oscillations in 1 second, /= Hz 1 oscillation in 5 seconds, f= Hz
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Description of Waves
Relationship between frequency and period

A
=g

f=10Hz—>T=

T=0.055 — f=

f=1kHz > T= (k = 1000)

Exercise

At the instant shown, particles 4 and B are at a crest and trough of a transverse wave

respectively. The particles are 40 cm apart when they are at their equilibrium positions.
Particle 4 takes 8 s to complete 2 oscillations.

A

equilibrium

| | position
4

Ocm

(a) What is the wavelength?

(b) What is the period?

(c) What is the frequency?
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Description of Waves

Wave speed

Definition

The wave speed is the distance that the wave travels m 1 second.

Distance
Wave speed =——

Time

* Amplitude and frequency do not affect the wave speed.
+ The wave speed ONLY depends on the properties of the medium.

(such as water depth, tension, density, etc.)

e Symbol: Unit:

Distance A

Time T
1
=Axf (as ==/
= fA

v=fA

*** This is the most important equation. TRUE for ALL kinds of waves. ***

The whole picture:
Transverse Wave

Crest

Wavelength

«

X

Direction of travel

Amplitude ;
Movement of water
Trough molecules
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Description of Waves

Exercise

1. The figure below shows three waves with the same wave speed.

4:

B:

C:
(a) Which wave (4-C) has the shortest wavelength? A
(b) Which wave (4-C) has the highest frequency? A .

2. The figure below shows a wave. 20 m
A < N B

(a) What is the wavelength of this wave?

(b) Ifpoint 4 arrives at point B after 4 s, what is the speed of the wave?

(c) What is the frequency of this wave?
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Description of Waves
3. A string is shaken at one end at 4 Hz and a wave travels from left to right. The figure below shows

the shape of the string at a certain instant.

direction of travel
__ofwave .

10cm

(a) (1) Is the travelling wave transverse or longitudinal?

(if) What is the relationship between the direction of vibration of the particles and the
travelling direction of the wave?

(b) Find

(1) its amplitude. (ii) its wavelength.

(iii) its period.

(iv) 1its speed.

' e~

4. A transverse wave is travelling along a string. The figure below shows the shape of the wave at 7 = 0.

displacement / cm
A g, travelling direction
A % s saedt
4 "»"’*.7.«," + T— |
/ 5 distance / cm
ok 3 4
' 5" A0 s )20 »
i Ty i
/ _ \ /1 ;
Y . N L SR . W . ‘

(a) Give an example of transverse waves other than string waves.

(b) (i) State the amplitude of the wave.

(if) State the wavelength of the wave.

(¢) If particle B performs 5 complete oscillations in 2 s,

(1) find the frequency of the wave.

(i) find the speed of the wave.
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Description of Waves

5. The first diagram below shows a vibrator P in a ripple tank with 11 small toy boats 4 to K. The
separation between successive boats is 4.5 cm. The frequency of the vibrator is 15 Hz.

4.5 cm

The position of the boats at an instant is as shown in the second diagram above.

(@ What is the wavelength?

(b)  What is the amplitude of the wave'.

(c) What is the wave speed of the water?

Now, the frequency of the vibrator P increases to 30 Hz.

* (d  Will the wave speed change?

(e) What is the wavelength? N

6. A long spring is stretched to 3 m and placed on the floor. A student shakes one of its ends and a pulse
1s produced. It takes 1.5 s for the pulse to travel from one end to the other. He uses this method to
estimate the travelling speed on this spring.

(@  What is the speed of the pulse?

Now, he shakes the spring at a frequency of 4 Hz and a train of direction of
waves is produced. Find the travel of gD
the wave '

(c)  wavelength

* (b)  travelling speed 5% g‘% 5@%
20 cm£ z 13

(d  amplitude
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Particle Motion

Particle Motion

For transverse waves, the particle motion has three possibilities:

moving upwards

seving downwards

momentarily at rest

To understand the motion of particles, we need to know the waveform at the next step first. The
waveform will shift along the direction of propagation.

" next step

direction of propagation

Exercise

1) Draw the waveform at the next step.

>
7

direction of propagation
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Particle Motion

2) Draw the waveform at the next step.

direction of propagation

<
RS

............ DeunepCa iRTIN L s [T ssnsnsusaabuan

3) The waveform below shows the waveform of a wave at a certain instant. It's like a photo
taken at an instant.
(a) Draw the waveform at the next step.
(b) Label the positions of particles a to g at the next step.

Direction of propagation
B

Equilibrium position

(c) State the motions of particle a to g.

a: e (Turning around)
b: (Turning around)

() b i

d: g

Particles at crests or troughs are momentarily at rest.
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Particle Motion

4, State the motion of each particle in the figure below. :
Particle | Motion

a

b

Direction of propagation

-
C-;«

u
i f

5. State the motion of each particle in the figure below.

#d ey o ,Moiﬁon :
f d i g
[ 4
a
b
é
< . s
Direction of propagation <. d
6. Answer the following questions.
'
2 /.\
If particle a is moving upward, which
~ N direction does the wave travel?
State the motions of particles b and c.
b:
2 % c:




Displacement - Distance Graph

Displacement - Distance Graph

Displacement (cn)

A wave with period of 2 s is travelling from left to right. The figure below shows the waveform

Simulating
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when 7= 0 s. Draw the waveform whenr=0.5s,7=1.0s,/=15sand7=2.0s.
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Displacement - Distance Graph

Exercise

iuev{ w s

A wave with period of 10 s is travelling from left to right.

(1) Draw the waveform when7=2.5s, r=5.0sand/=7.5s.

(2) Point out the position of particles P and Q.
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Displacement - Distance Graph

20 s is travelling from left to right.

(1) Draw the waveform whent= T, 1="%T and 1=%T.

(2) Point out the position of particles P, O and R.

A wave with period T

2,
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Finding the Focal Length of a Convex Lens

Investigative Study
Finding the Focal Length of a Convex Lens
Aim: to find out the focal lengths of two convex lenses.

Equipment: convex lenses, translucent screen, ray box

Procedures:
L Hold the convex lens 4 (thicker) and look at the image formed from a very far object,
outside the school.
2. Place a translucent screen between the convex lens and your eyes.
translucent screen
convex lens
Adjust the position of the \‘/
screen
3 Adjust the position of the screen so that an image is formed on it. Measure the
distance between the lens and the screen
4, Repeat the experiment using convex lens B (thinner).
Results:

Distance between the lens 4 (thicker) and the screen:

Distance between the lens B (thinner) and the screen:

Conclusion:

The focal lengths of the convex lenses 4 & B are and

respectively.
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Image Formed by a Convex Lens

Image Formed by a Convex Lens

Aim: to find out the position and the nature of the image formed by a convex lens

Equipment: lamp, translucent screen, convex lens, meter rule

Procedures:
1. Set up the equipment as follow. Set object distance u = 15 cm.
Q lamp:housing
Object d"Stanceu\w’ 4
2. Adjust the position of the translucent screen so that the image is formed on it.
cH Measure image distance v and observe the image size.
4, Repeat the procedures with larger values of u.
Results:
Image size
2 {en) v{om) (larger / the same size / smaller)

20

25

30

40

50

Special cases
. Image size
? ;
&iemn) Clearimags, o the screen (larger / the same size / smaller)
5
8
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Image Formed by a Convex Lens

Discussion:
1. As v increases from 20 cm to 50 cm, how does the image size change?
2. For the cases of # =5 cm or 8 cm

(a) Can you locate a clear image using the screen?

(b)  See the image directly through the lens. Describe the image formed.

(©) If u increases from 5 cm to 8 cm, how does the image change?

Estimate the focal length of the convex lens.
Hints: Think about the condition that # = v (the image has the same size as the object).

(98]
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Making Your Own Telescope

Making Your Own Telescope

Aim: To make a telescope using the kit supplied and understand the working principle of a telescope.

Equipment: A telescope kit

Principle: Telescopes allow us to see more in two ways:

o the telescope aperture is bigger than the pupil of a human eye, so more light is
collected, making dim objects visible.

o the telescope magnifies the objects being viewed, making distant objects appear bigger.

Light Is being concentrated
'.,on_toagmal,lsna_rfna‘tv S

Parallel light _ | 3] MR S — ﬁ
rays from star e’ N

Eyeplece lens

Focal point :

Primary lens

Tona)oollocted and concentrated the ighte~  Soncentrstod hahe ryer rorior sgmade the
Discussion:
i Where is the principal focus of the primary lens / objective lens?
Using 4, B, C to represent your answer:
2. Where is the principal focus of the concave eyepiece?
Using 4, B, C to represent your answer:
3. Slide the tubes to look at distant objects. What is the nature of the image observed?
Magnifiéd / Diminished Inverted / Erect
4,

This telescope system is known as Galilean telescope. You can find out more at:

(=]t ]
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Mixing light in the three primary colours

Mixing light in the three primary colours

In the following table, record the colors of the three color lights after mixing on the screen.

Colours of light Observed colour of the mixed light

red, green and blue

red and green

red and blue

green and blue

Colours of objects under different colors of light

Objective: Study the color of objects under different colors of light
Equipment: (1) White, red, green and blue cardboards (2) Red, blue, green LED torches

Steps:

1. Prepare four cardboards in white, red, green and blue respectively.

2. Switch off all lights and close all curtains in the laboratory to keep the laboratory dark.

3. (a) Switch on an LED torch that gives off white light and put it in front of each cardboard in

turn. Record the observed colour of each cardboard.

(b) Repeat step (a) using a torch that gives off red light.
(¢) Repeat step (a) using a torch that gives off green light.
(d) Repeat step (a) using a torch that gives off blue light.

Result:

Colour of cardboard in

white light red light green light blue light

White cardboard

Red cardboard

Green cardboard

Blue cardboard
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S3 Second Term Examination (2024-2025)
2024-2025 Second Term Examination Past Paper

S3 Second Term Examination (2024-2025)
Physics
(1 hour)

Date: 3* June 2025 Name:
Time: 10:15am. —11:15 am. Class: No.:

Instructions to students:

Write your name, class and class number on both the question paper and the answer sheets.
Answer ALL questions.

Write down all the answers on the answer sheets.

Hand in the question paper and the answer sheets at the end of the examination.

The total mark of the paper is 60.

The paper consists of two sections: Section A Multiple Choice Questions (20 marks) and
Section B Structured Questions (40 marks).

7. The numerical answers should be either exact or correct to 3 significant figures.

h @ o W N

Section A: Multiple Choice Questions (20 marks)
1. Which of the following statements about the reflection of light is/are correct?
(1) It only occurs on smooth surfaces.
(2) It always follows the laws of reflection.
(3) When incident rays are parallel, clear images will be formed.
A. (1) only
B. (2) only
C. (2)and (3) only
D. (1),2)and(3)
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2. Which of the following diagrams shows the correct position of image I of object O formed by
the plane mirror?

ey

©))

§ I

I I /
@ | | ]

o+ 6\:@@(

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

3. A158 cm tall girl stands 1.5 m from a wall mirror as shown below. Her eyes are 148 cm above
the floor. The girl can just see the bottom of her skirt, which is 40 cm above the floor, in the
mirror. What is the height of the bottom edge of the mirror above the floor?

i\ wall mirror
148 cm U
L F
A. 40cm
B. 54 cm
C. 80cm
D. 94cm
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4.  Alight ray bends towards the normal when it travels from medium P to medium Q. Which of
the following statements is incorrect?

A

B.
C.
D

The light speed in medium P is higher than that in medium Q.

The refractive index of medium P is greater than that of medium Q.

With respect to vacuum, the critical angle of medium P is larger than that of medium Q.
Total internal reflection will not occur no matter how large the angle of incidence in
medium P is.

5. Aray of light travels from medium X to medium Y as shown below. Which of the following
gives the ratio of the speed of light in X to that in ¥?

A
B.
C
D

45°

3

3:4
V32
4:3

V243

6. Pis an emergent ray from a lens as shown below. F" and F” are the principal foci of the lens.
Which of the following rays is a possible incident ray?

Cowp
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7. An object is put in front of a lens and a virtual image is formed. The figure below shows the
positions of the object and the image. What is the focal length of the lens?

Y

A. Scm

B. 10cm
C. 15cm
D. 20cm

In the diagram below, intervals 4B, BC, CD, DE and EF are of equal length. An object is placed

at O. When a lens is put in front of the object, an image of the object is formed at I.

i t ® f i ® i f

A B C D E F

Which of the following show(s) the possible position(s), tiype(s) and focal length(s) of the lens?

Position Type Focal length

€)) F concave lens about 2 intervals
) C convex lens about 1 interval
(3) D convex lens about 1 interval

A (1)only

B. (2)only

C. (1)and (3) only

D. (2)and (3)only
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A cork floating on the water surface vibrates up and down 12 times in 4 s when a wave passes
through it. The distance between two successive troughs of the wave is 12 cm. What is the speed

of the wave?

A. 0.04ms-!
B. 0.36ms™!
C. 048ms™t
D. l44ms™!

A transverse wave 1s travelling from left to right in a medium. The frequency of the wave is

0.2 Hz. The figure below shows the waveform at time ¢ = 0.

direction of propagation

/7

N\

% TN

N

/

L NCA

When will particle P retumn to its position as shown above for the first time.

A

Cow

t=15s
t=25s
t=35s
t=5s

End of Section A
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Section B: Structured Questions (40 marks)
1. A small point object O is in front of a plane mirror. Figure 1 on the answer sheet shows the

reflected rays of two light rays travelling from O to the mirror.

(a) Locate the image of O in Figure 1. (2 marks)
(b) Shade the largest region in which an observer can see the image of O in Figure 1.
(2 marks)

2. Figure 2.1 shows a well illuminated dining room. There is a clock hanging on the wall at C.
Samson stands at point .S and faces the window which is fitted with a clear glass pane from the

ceiling to the floor. It 1s dark outside. Samson can see the clock’s image in the window.
E=) p=}

2m
im
window
AAANNNNNNY Q
Q
(=)
C dining room

Figure 2.1

(a) Figure 2.2 shows the image of the clock. What is the true time shown by the digital clock?

(1 mark)
R -
I () I
E 5
I Bl O
L - o
Figure 2.2
(b) Is the image of the clock real or virtual? (1 mark)

(¢) Then Samson walks from S towards O along a straight line. What is the minimum distance
of Samson from Q such that he can still see the clock’s image in the window? (3 marks)
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An object O is put in medium X. Figure 3 on the answer sheet shows one light ray from O
travelling towards medium Y. The refractive index of medium Y'is 1.2.
(2) Find the refractive index of medium X. (2 marks)

(b) Sketch a light ray in Figure 3 to show how an observer at P can see object O. (1 mark)

As shown in Figure 4 on the answer sheet, a monochromatic light beam is directed from air to a

glass prism. It makes an angle of 67° to side 4B of the prism.

(a) Find the refractive index of the prism. (2 marks)
(b) Find the angle of incidence when the light beam hits side AC. (2 marks)
(¢) Determine whether some of the light escapes side AC. (2 marks)
(d) InFigure 4, draw all the possible path(s) of the light beam just after it hits side 4C.

(1 mark)

As shown in Figure 5 on the answer sheet, an object is placed in front of lens L and light ray
from the object is refracted by L.
(a) What type of lens is L? (1 mark)

(b) By adding one suitable light ray to Figure 5, find and label the image formed. (2 marks)
peephole

NS

convex 3 1
~~~~~~ lens | ) ‘

~ translucent =
% =

\\\\\\\\\\\ (/ i screen i

Seao

Figure 6.1 Figure 6.2

(a) InFigure 6.1, an illuminated letter ‘L’ is placed 30 cm in front of a convex lens and its
image formed by the lens is caught by a translucent screen. The image is half as large as the

object.

(1) Sketch the shape of the image seen by the observer. (1 mark)

(1) Find the image distance and the focal length of the lens. (3 marks)
(b) Figure 6.2 shows a peephole that is usually installed on the main door of a house.

(1) Which kind of lens is used in a peephole? (1 mark)

(ii) By considering the image nature, give two advantages of using this kind of lens in a

peephole. (2 marks)
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7. Radio waves and X-rays belong to a family of waves that can travel at the speed of light in
vacuum.

(a) State the full name of this family of waves. (1 mark)
(b) Which wave in this family is used in the following cases? (2 marks)
(1) Radiotherapy for killing cancer cells

Figure 7.1

(1) Examining the duodenum (- —#58%) with an endoscope (N5 55)

(c) State and explain the observed colour of a blue object under red light. (2 marks)

8. Atransverse wave is travelling to the left along a string. Figure 8 on the answer sheet shows the
snapshot of a section of the wave at time ¢ =0. P and Q are two particles on the string. The

period and wavelength of the wave are 2 s and 2.5 cm respectively.

(a) State the motion of particles P and Q at time 7= 0. (2 marks)
(b) Draw the waveform at t =1 s. Mark the positions of Pand Q atr=1s. (2 marks)
(¢) If the period of the string wave is shortened, how does the wave speed and wavelength
change? (2 marks)
End of Section B
END OF PAPER
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Physics
Answer Sheet
(1 hour)
Date: 39 June 2025 Name:
Time: 10:15 am. — 11:15 am. Class: No.:

Section A: Multiple Choice Questions (20 marks)

1. 2. 3. 4. S. 6. s 8. 9. 10.

Section B: Structured Questions (40 marks)
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Figure 1
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/l, ¢ P
medium Y
77 L
medium X 130°

Figure 3

Figure 4
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Figure 5
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END OF ANSWER SHEET
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