 CHAPTER LIGHT AND
OPTICS

Mame the types of lenses used
to correct long-sightedness
and short-sightedness.

State one advantage of liquid
lens compared to glass lens.

Besides thickness, name
one factor which affects
the focal length of lens.

B | * Formation of images by lenses
I8 |+ Optical instruments
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vs, the use of lendes in optical nstrurments i

3. For example, the telephone which was orkginally an
aedio commamnica
smartphone which ¢
communication device using
and videos

Handphone without Smartphone with

- -'h-.-‘_-‘ - ard five cameras

Camara quality is normally related to the type or
quality of lens attached to the camera, This is becauss
@ image in the camera is formed by the lens. B
ransparent glass and plastic, any transparent mate
ncluding water can be used to make lenses. The concept
of licquid kans s shown in the ||hc1-_-=_||._q|.h below
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Concept of liquid lens

Boyworcy

» Convex lens * Ray disgram * Magnifying power
« Converging lens ® r"r||:|._'|r:,4l. axis + Telescope

= Concove lens = Uptical centre « Mormal adjustment
= Diverging lens « Oibject distance = CCTV

= Focal point * Image distance = Lenses inoprical

* Focal length * Microscope INSIrUMmMents
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Formation of Images by Lenses S b

A |
Convex Lens and Concave Lens

A lens is a transparent medium such as glass which has one or two curved surfaces.
Lenses are divided into two types, convex lens and concave lens as shown in
Figure 7.1.

Biconvex PRINGCOME COMAER Mnscus
Convex lens |

7

Bigoncaw Flanoconcave Comcave monistus
| Concave lens |
Figure 7.1 Convex lens and concave lens

Figure 7.2 shows the path of light rays before and afier passing through a
comvex lens and a concave lens. What happens to the lighe rays after passing through
these lenses?

Figure 7.2 Refraction of light rays after passing through a convex lens and a concave lens

Based on Figure 7.2, light rayvs converge after passing through a convex lens while
light rays diverge after passing through a concave lens, Therefore, a convex lens is known
as a converging lens while a concave lens is known as a diverging lens,

LLEH 711
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For convex lenses, the focal point, F is a point where light rays parallel o the
principal axis converge after passing through the convex lens (Figure 7.3({a)).

4 -\. ¥ -

Cormx beres Concan lens

Figure 7.3 Focal point and focal length for convex lens and concave lens

When light rays which diverge afier passing through a concave lens are extrapolated
backwards, the light rays will intersect at a point. This point is the focal point, F for
the concave lens (Figure 7.3(b)).

Let us carry out Activity 7.1 to study some properties of convex lenses and concave
lenses using an Optical Ray Kit.

Use the Optical Ray Kit to: i' s

(a) show the convex lens as a converging lens and the concave lens as a L Inquiry-basad acthity
diverging lens

fb) determine the focal points of comvex lenses and concave lenses

White paper (sized B& cm x 84 cm)

Optical Ray Kit containing ray box, cylindrical biconvex lens, cylindrical biconcave lens,
triple slit plate, ruler and pencil

Maote: This activity is best suited to be carried out in the dark.




While paper

Figure 7.4

. Prepare the apparatus set-up shown in Figure 7.4, i
. Trace the shape of the convex lens onto a piece of white ») Video
paper using a pencil, Mark the centre point of the convex Eduwel TV ’
lens, that is the optical centre, O on the tracing of the = E_!

Physics - lenses
comvex lens. ukuteks |

. Direct three parallel light rays from the ray box in the oo [FIiT)
direction of the convex lens, Observe the path of light Medum: bahasa

rays before and after passing through the convex lens. Matayud
. Make two marks, ane near to the lens and another far
from the lens, on each path of the light rays before and
after passing through the convex lens. Remove the convex lens from the white paper.
. Dvaw a straight line using a pendil and ruler to connect the two marks on each path of the
light rays before and after passing through the convex lens (Figure 7.3(al).
. Mark the point of intersection of the three light rays as the focal paint, F for the
convex lens.
. Repeat steps 1 1o 5 by replacing the convex lens with a concave lens.
. Extrapolate the light rays which diverge after passing through the concave lens backwards
until a point of intersection (Figure 7.3(bjl.
. Mark the point of intersection of the three light rays as the focal point, F for the
concave bens.

. Why is it more suitable for this activity to be carried out in the dark?
. What happens to light rays after passing through the following lenses?
{a) Convex bens
(B} Concave lens
. Describe the chservations made in this activity that show the following properties of lenses:
{a) convex lens as a converging lens
{b} concave lens as a diverging lens
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Determining the Focal Length of a Convex Lens
Before carrying out Activity 7.2, let us understand optical terms (Table 7.1).

a0t lens
| A
Principal s ———2 ‘“ £ P
- o Image
PNl T

o i ¥

(a) Convex lens
odds of lens

(b)) Concave lens
Figure 7.5 Convex lens and concave lens
Table 7.1 Oprical terms and their explanations

Optical term Explanation

Optical centre, @ Point at the centre of the lens. Light rays which pass through the
optical centre do not refract.

Principal axis ﬁuu@lﬂmﬂﬂ:hmmlhmuﬁﬁeapdcﬂmuhhmmdlhe

focal paint, F.
Axzs of lens Srraight lime which passes through the oprical centre and is perpendicular
to the principal axis.
Focal paint, F * For convex lens, the focal point, F is a point on the principal axis,
(refer to where light rays parallel o the principal mcis converge afier passing
Figure 7.3) through the lens.

+ For concave bens; the focal point, F is a point on the principal axis,
where light rays parallel to the principal wxis appear to diverge from it
after passing through the lens.

Focal length, f The distance berween the focal poinr, F and the opical centre.
The distance between the object and the optical centre.
The distance berween the image and the oprical cenire,




Let us carry out Activity 7.2 to determine the Parlisd

focal length of a convex lens wsing a distant ghtrays
object by applving the concept that light rayvs foma
from a distant object are parallel (Figure 7.6). dutat -

ohpect .

To determing the focal length of 3 convex lens using a distant object

Convex lens, lens holder, white screen and metre rule

. Prepare the apparatus set-up as shown
in Figure 7.7.

Position the convex lens towards a
distant cbject seen through an open
window.

. Adpst the position of the white screen
until a sharp image of the dstant
ohject is formed on the screen.

. Measure and record the distance
between the centre of the convex lens and the screen, that is the focal length, Fof the
convex lens using a metre rule.

1. Why are laboratory ohjects not used to determine the focal length of a convex lens in
this activity?

2. State the charactersstics of the image formed on the white screen.

3, I the convex lens in this activity is replaced with a concave lens, can the focal length of the
concave lens be estimated? Explain your answer.

Figure 7.7

Ray Diagrams to Determine the Characteristics of Images
Formed by Convex Lenses and Concave Lenses

Besides carrving out activities using appropriate apparatus
such as in Activity 7.2, the position and characteristics of
images formed by comvex lenses and concave lenses can be
determined wsing ray diagrams.

Study and understand Table 7.2 which explains the

Seps o draw
ray diagrams
I'11;:'!'_|'."I;:-L_|L_|.|-t|;|'v_;

=

method of drawing ray diagrams by drawing two principal com/sc5a04 E |
light rays to determine the characteristics of the images Medurm: bahasa
formed by convex lenses and concave lenses. Melayu)

[Liﬂ (7131 (G13)
“keM



Chapter 7 Light and Opties

Table 7.2 Method for drawing ray diagrams

Caonvex lens

) A light ray paralle] to the principal axis refracts and passes through the focal point, F.

} e
=
! e

ﬂﬁuﬂumhnﬁmmmmewlhlmmmdnuﬂhlmlﬂ:hemmm
optical centre withour refracting.

Object
F

Object 1
] W
’ \g-\---zh.:::\tklf?al Image

) A light ray paralle] to the principal axis refrocts and appears to come from the
focal pomt, F.
1

.-'--..

i

Object

8 A light ruy heading towards the optical centre continues in a straight line through the




Tables 7.3 and 7.4 show the positions of object, ray diagrams, positions of image and
characteristics of images for convex lens and concave lens, respectively.

Table 7.3 Ray diagrams to determine the characteristics of images formed by a convex lens

S e
g image aof image

Object is Image is * Real
further than . between F
aF " and 2F

= f
A




Chapter 7 Light and Opties

Table 7.4 Ray diagrams to determine the characteristics of images formed by a concave lens

m B e Charncteristics

Obiject is

further np-:iul + Upright

than 2F ; o * Diminished
- il g

Note: The characteristics of images formed by concave lenses for any object distance are:
virtuil

s R BRAIN
e ¥ TEASER _d

positioned between the object and the concave lens Ruink ¢ practh

hupe!fbuku-teks.com/sc 5307
Formative Practice 7.1

1. Mame the type of lens found in the human eve,
2. Figure 1 shows two I:].'PE‘S of lenses,

W

{a) Mame the following types of lenses:
(i} Lens X (ii) LensY
(b) (i) Which lens functions as a diverging lens?
(ii) Which lens functions as a converging lens?
() Mark the focal point of lenses X and Y with the letter F.
\.3. How is the convex lens used as a magnifying glass?

(7.4a)




Optical Instruments

The function of optical instruments is normally related to the type of image, whether
real or virtual, and the size of image formed by the lens. The ray diagrams in "Tables 7.3
and 7.4 show that the image size

formed by a lens depends

on the position of the object

from the centre of the lens.

H.ulngﬂph 7.1 Dptu:ll instruments

Photograph 7.1 shows three optical instruments. Describe the characteristics of the final
image formed by these three optical instruments.

Formation of the Final Image by a Microscope 155232

Study the two ray disgrams in Figure 7.8,

{a) Object is babween Fand 2F
(Objectve kens

b} Object ks between F and the optical centre, ©
Eyepisce

ol |
F F

| image characleristics: » Rieal Image characteristics: » Virtual
* Magnified = Magnified

Figure 7.8 Ray diagroms for the images formed by the objective lens and evepiece of o microscope

210
N




Based on vour understanding of the rwo ray diagrams in Figure 7.8, the formation of
the final image by a microscope i1s shown in Figure 7.9,

Figure 7.9 Ray diagram showing the formation of the final image in o microscope

Determining the Magnifying Power of a Microscope

Magnifying power of microscope
= Magnifying power of objective lens = Magnifying power of eyepicce

Sclence Info _

! Photograph 7.2 shows a microscope containing an
i eyepiece with a magnifying power of 4 tmes and an idantify the =

i objective lens with a abjective lens O} 40
I magnifying power [
i of 40 times, amicroscope | [m]

Photograph 7.2

Calculate the magnifving power of the microscope,

Solution

Magnifying power of microscope

= Magnifying power of objective lens = Magnifying power of evepiece
=4 x4

= 160 tmes

7.2.1




Formation of the Final Image by a Telescope
Study the two ray disgrams in Figure 7.10.

{b) Object at F
Eyepiece

Image position: Image at infindty

* Lipeight
» Magnified

Figure 7.10 Kay diagrams for the images formed by the objective lens and evepicce of
a telescope

Based on your understanding of the two ray diagrams in Figure 7.10, the formation of
the final image by a telescope is shown in Figure 7.11.

Viral fnal image
at infiity, { :

Figure 7.11 Ray dingram showing the formation of the final image in o telescope

In normal adjustment, the distance between the objective lens and evepiece = f, + f,
where f, = focal length of objective lens,

f.= focal length of eyepiece
50 that the image can be viewed more comfortably.




To build a simple telescope model

Hollow paper cylinder and ceflophane tape

Convex lens with focal length, f, = 10 om, convex lens with focal length, f, < 2 cm, ruler, scissors
or knife and pencil

1. Carry out the activity in groups.

2. Gather informaticn from the Internet, print media and other electronic media about
the following:
(a] type, size and function of lenses used in a telescope
(b selection criteria for the objective lens and eyepiece of a telescope which can produce

the clearest and brightest image
{c) ray diagram to show the formation of image in a simple telescope
. Discuss the information needed to complate the K-W-L Strategic Data Form as a guide to

design and build your simple telescope, You can dewnload and peint the form from the
website given below.

Download K-AN-L i i
Strategic Data Form  © K-W-L Strategic Data Form

hitp:/ibuku-teks.com! | ywhat studants already know, wish 1o know and wil know (KW-L chart) |

Alroacly know | Wish to know Will know
(K = Know} ; L = Learn)

. Sketch the design of the simple telescope.

. Build your model according to the sketch made,

. Commant en the effectiveness of the design and improve an the design produced,
. Present your group’s telescope design and model.

Questions

. Why is the cylinder for the model telescope constructed from materials that are opague and
nat transparent o translucent?

. What is the distance between the objective lens and the eyepiece so that the final image
can be seen more comfortably?

. What is the name of the condition mentioned in question 27
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- Application of Lenses in Optical Instruments
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. N ol Drigital single-lens reflex High-resolution closed-circudt Spy camera in
. (DSLR) camera with two relevision (CCTV) safery device
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Photograph 7.3 Examples of oprical instruments using lenses

Technological advancements in the field of optics have enabled lenses used in
opticil instruments such as smartphones and closed-circuit television (CCTV) 1o be
only several millimerres thick. Oprical studies have succeeded in building flat lenses
with a thickness of several microns only {1 micron = 0,001 mm). What are the effects
of a flat lens on the size and thickness of smartphones?

The focal length of the lens in the DSLRE camera affects the field of vision.
The shorter the focal length of the lens, the wider the feld of vision as shown in
Photograph 7.4.

Camera image formed using a lens of Camern image formed using a lens of
focal length 70 mum from a distance focal length 24 mm from a distance
af 15 m of 15 m

Photograph 7.4 Images formed uwsing different focal lengrths



To study the contributions of science and technology towards the invention 1+ 105,188, TPS
of optical instruments that can help or overcome the limitations of human :_‘_?‘_‘:‘:’ﬁ?""“
sight

1. Carry out the activity in groups.
2. Gather information from the Internet, print media and other electronic media on the
following:
{a} use of lenses in daily instruments such as cameras, smartphones, LCD projectors,
spectacles, magnifying glasses and CCTV
{b) the thickness and focal length of the camera lens of smartphones

3. Discuss the information gathered.
4. Present the outcome of your group discussion in the form of a multimedia presentation.

A water lens can function as
a magnifying glass = =

hutpo/bulo-teks. comiscsi21 5 p

Formative Practice WAL

1. State the characteristics of the image formed by a magnifving glass.

2. Telescope X consists of an objective lens with a focal length of 30 ¢m and an
eyepiece with a focal length of 5 cm.
What #s the separation distance between the objective lens and the eyvepiece when

telescope X s in normal adjustment? q'
\
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Light and Optics

After studying this chapter, you are able o

7.1 Formation of Images by Lenses

[] Describe convex lens as a converging
lens and concave lens as a
diverging lens.

[] Determine the focal length of a
convex lens using o distant object.
[ Determine the characteristics of images
formed by convex and concave lenses

using ray diagrams.

‘Summative Practice 7
Answer the followwing guestions:
1. Draw ray diagrams which describe the following

characteristics of lenses:
(@) convex lens as & converging lens

(b) concave lens as a diverging lens

7.2 Optical Instruments

[] Describe the formation of the final
image by telescopes and microscopes.

] Design and build a simple telescope.

] Communicate about the application
of lenses in oprical instruments,




2, Figure | shows an object placed in front of a convex lens at a distance less than the

focal length, f.
T
S T R

Figure 1
(a) Draw a ray diagram in Figure | to determine the image formed by the
convex lens.
(b} State the characteristics of the image formed by the convex lens in Figure 1.

3. (a) Why do smartphones have several cameras?
(b} A student carried out an experiment to form a virtual image using a
convex lens. Explain how the student formed the virtual image based on the
apparatus set-up in Figure 2.

FEFQFHw P

Figure 2
(i) Write the problem statement,
{il) Stare the position of the object (at P, Q or R).
(i) Using an arrow (T} as the object, draw a ray diagram to show the
formation and position of the image, Complete Figure 2 1o obtain
YOUF answer.

(iv) Stare two other characteristics of the image formed in 3(b)(iii).




4. Optics is o scientific field thar studies the properties of light, interactions between
light and substances such as glass, human sight and instruments which use or
derect light. Study and understand the contents of the poster in Figure 3.

Convex kons

Diminished
Imaage of By

Magnified image of iy

Afly ssen through a convex lens will A fly sean through a concanve lens will
appear larper than fis actua size. :

How effective is this poster in explaining the concept of image formation by lenses
and optical instruments in the study of optics? @




