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Introduction

Light plays a vital role in human life. From thery beginning, it is a
subject of great interest to know the secretsgtitli We are always
curious to know how we receive information to arahf objects with
the help of light. This is perhaps the reasore&ori about the light and
the phenomena associated with it. Geometric ane watics is one
semester 2 — Credits core course. It will be abédl to all students to
take towards their B.Sc Education and other prograslike B.Sc
computer science, environmental studies etc. dasse comprises 15
study Units in 3 Modules, which involves basic prples of geometric
and wave optics. The themes of these topics we bhosen are most
interesting and relevant. The material for thisjeat has been
developed in such a way that student with at leasedit pass at the
ordinary level or equivalent will follow quite e&siThis course will
make the students to be aware of how perceive shapkrs, motion of
objects.

There are no compulsory pre-requisites for the smuHowever, you
are strongly advised to heave adequate knowledgerfiher
Mathematics or applied mathematics.

This course guide tells you briefly what the coussabout, what course
materials you will be using and how you can workiryaay through
these materials. It suggests some general guedelor the time you are
likely to spend t complete it successfully. Iltajgovides you guidance
on tutor-marked assignments which will be availabighe Web in due
course.

There are regular tutorials and practical cladsatsdre linked to the
course. You are advised to attend these sessgunfarly as this is an
important aspect. Details regarding the time awedtions of tutorials
and practical will be available at your Study Cerand included on
Web.

What You Will Learn in this Course

The overall aim of PHY 124 is to introduce the basinciples of
geometric and wave optics and appreciate the usefslof these
principles to make our life simpler and convenieuring this course,
you will learn that light has a dual nature i.eextibits characteristics of
wave in some situations and characteristics ofgharin other

situations. In the beginning of this course, yauld learn about
reflection and refraction at plane and curved si@$aand the
phenomena associated with them. Also, you leaontdbnses and
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optical entrustments like telescopes, microscopegsequired for
scientific and technological developments.

Towards the second part of this course, in the fextunits, you will be
introduced into some aspects of wave optics likerfarence and
polarization of light. These include interferemaeehin films and air
wedge, Newton’s rings, and laws ad applicationaépzation.

Course Aims

The aim of this course PHY 124: Geometric and w@M&s is to
introduce the principles of geometric and waveagptind so make use
of these principles and their applications in edasylife. This will be
achieved by:

. Introducing you to the basic principles of geontetind wave
optics,

. Demonstrating you how these basic principles candes in our
day life situations,

. Explaining some phenomena associated with geonstdovave
optics,

. Stimulating your interest in this area for the bettents, of the
world through advancements of technology and,

. Giving you some insight into possible future depah@nts in the

areas of telecommunications optical lenses, optitgtituments,
surgery etc.

Course Objectives

To achieve the aims set out above, the coursesetsall objectives. In
addition, each unit has specific objectives. Thet wibjectives are
always included at the beginning of a unit; you wddoread them
carefully before you start working through the unifou may refer to
them during your study of the unit to check youngress. You should
always look at the unit objectives after completmgnit. In this way,
you can be sure that you have done what was reboirgou for the
unit.

Mentioned below are the wider objectives of thersewas a whole. By
meeting these objectives, you should have achighedaims of the
course as a whole.

On successful completion of the course, you shbaldble to:

1. Explain the concept of reflection and refraction;
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2. Explain how images are formed by reflection andaefon on
plane and curved surfaces;

3. Apply the mirror formula to obtain either image tdisce or
object distance or the focal length;

4. Define Snell's law and how it can be related wehractive index
or wavelength;

5. Describe refraction through a rectangular glasskoémd a prism;

6. Define a lens and identify its characteristics tieas;

7 Distinguish between the images formed by convex @ntave
lenses;

8. Define and explain dispersion and identify the etént colors of
white light;

9. Define power of a lens and to solve problems invg\power of
alens;

10. Explain the functions of microscope and astronoiralascope;

11. Distinguish between astronomical and terrestriaktope;

12. Explain the concept of interference and the coongi for

interference;

13. Explain how a thin film and air wedge forms inteeiece
patterns;

14. Differentiate between Newton’s rings and interfeerby him
films;

15. Identify the crystals that can produce polarizétignd
16. Define and explain Brewster’s law.

Working through this Guide

To complete this course you are required to gauifinche study units,
read set books and read other materials providédyN. You will
also need to do some practical exercises, whidrb@ilrranged by your
course facilitator/tutor. Each unit contains sedsessment exercises,
and at points in the course you are required tongudssignments for
assessment purposes. The evaluation of your TMA®evdone by the
facilitator/tutor at the study center. At the esfdhe course, there is a
final examination. The course shall take you aldd&uiveeks in total to
complete. Below you will listed all the componeatghe course, what
you have to do and how you should allocate youe ticmeach unit in
order to complete the course successfully andmae.ti

Course Materials

1 Course Guide

2 Study Units

3. Assignment File

4 Presentation Schedule
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Study Units

There are 15 Study Units in this course as follows:

Module 1

Unit 1 Reflection at Plane Surfaces

Unit 2 Reflection at Curved Surfaces

Unit 3 Refraction at Plane Surfaces

Unit 4 Refraction through Prism

Unit 5 Refraction at Curved Surfaces

Module 2

Unit 1 Images Formed by a Converging Lens and iDing Lens
Unit 2 Lens Formula and Spectra

Unit 3 The Eye

Unit 4 Optical instruments

Unit 5 Other Types of Telescopes

Module 3

Unit 1 Interference

Unit 2 Interference in Thin Films and Air Wedge
Unit 3 Newton’s Rings and Interference in Thinnksl
Unit 4 Polarization of Light

Unit 5 Laws and Application of Polarization

Each study unit consists of three hours work. Estaldy unit includes
specific objectives, directions for study, readimgterials, conclusions,
summaries of key issues and ideas and referencdsirtber reading.

The units direct you to work on exercises. In gahethese self-

assessment questions are based on the materidsbbesan the units

and will help you to gauge your progress and tafoece your

understanding of the material. Together with tut@rked assignments,
these exercises will assist you in achieving theestlearning objectives
of the individual units and of the course.

Text Books and References

Nelkon and Parker, ‘An Advance Level Physics’, Fated by British
Library Publication.

Shortley and Williams, ‘Principles of College Phgsi Englcool Cliff
New Jersey: Prentice Hall Inc.:
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Mark W. Zemansky, ‘College Physics’. London: AddisiWasley.
Waltham W. Ford, ‘Basic Physics’. London: Toronto.

Kenneth W. Ford, ‘Basic Physics’. Toronto London: Ithdm
Massachuesetts.

Assignment File

This assignment file will be supplied by NOUN. this file, you will
fine all the details of the work you must submitytar facilitator/tutor
for marks that you obtain in your assignments ballcounted in your
final result you obtain for the course. Furthdormation on
assignments will be found in the assignment faelftand later in the
Course Guide in the section on assessment. Thengdo are advised
to take you assignments seriously and regularlgfo® submitting, you
must ensure that you have answered all the questamjuired from you
in all assignments. There are about 15 assignnetitss course. The
assignments will cover all the topics treated Iritad units.

Presentation Schedule

The presentation schedule included in your courstenals gives you
the important dates for the completion of tutor-kearassignments and
attending tutorials. Remember, you have to coregdle assignments in
time and submit these stipulated assignments gubalate.

Assessment

There are two aspects to the assessment of yoorpermice for the
course. First are the tutor-marked assignmentsnek there is a
written examination, knowledge and techniques gathduring the
course. The assignments must be submitted tofgoilitator/tutor for
formal assessments in accordance with the deaditag=d in the
presentation schedule and the assignment file. widnke you submit to
your facilitator/tutor for assessment will carry?8@veightage of your
total course work. At the end of your course, ypeed to appear for a
final written examination of three hours duratiorhe final examination
will carry 70% weightage of your course mark.

Tutor-Marked Assignment

The TMAs are listed as item 6.0 in each unit. T@n of the
assignments is to test your comprehension of thtemabprovided to
you and to help you by providing feedback to y@enerally, you will
be able to complete your assignments from the médion and
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materials contained in the study units of the cewansd other
recommended books. Using other references wié gowu a broader
viewpoint and provide a deeper understanding obtlgect.

On completion of each assignment, send it, togetligr a TMA form,
to you facilitator/tutor. Make sure that each gssient reaches your
facilitator/tutor on or before deadline mentioned Ibthe course
coordinator in the presentation schedule and asggnfile. If, for any
reason, you cannot complete you work on time, aintgou
facilitator/tutor before the assignment is due isrdss the possibility of
an extension. Extensions will not be granted dfterdue date unless
there are exceptional circumstances.

Final Examination and Grading

The final examination for PHY 124 will be of threeurs duration and
carry a weightage of 70% of the total course grallee examination
will consists of questions which reflect the tygeself-testing practice
exercises and tutor marked problems you have puskie@ncountered.
All areas of the course shall be assessed.

Course Marking Scheme
The assessment will be two folds — TMAs will caB@26 weightage of

course marks while the final examination will car@ marks of the
total marks obtainable.

Course Overview

The table given brings together the units, the remalb weeks you
should spend to complete them, and the assignrtiattfollow them.

Unit Title of Unit Week’s Assessment
Activity | (end of unit)
Course Guide 0.5
Module 1
1 | Reflection at Plane Surface 0.5 Assignment (1
2 | Reflection at Curved 1.0 Assignment 2
Surfaces
3 | Refraction at Plane Surfaces 1.0 Assignment|3
4 | Refraction through Prisms 1.0 Assignment 4
5 | Refraction at Curved 0.5 Assignment 5
Surfaces
6 | Images Formed by 0.5 Assignment 6
Converging Lens and
Diverging Lens

Vi
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7 | Lens Formula and Spectra 1.0 Assignment |7
8 | The Eye 0.5 Assignment 8
9 Optical Instruments 1.0 Assignment 9
10 | Other Types of Telescopes 1.0 Assignment|10
11 Interference 1.0 Assignment 11
12 Inference in Thin Films and 0.5 Assignment 12
Air Wedge

13 | Newton’s Rings and 1.0 Assignment 13
Interference in Thin Films

14 | Polarization of Light 1.0 Assignment 14
15 | Laws and Application of 1.0 Assignment 15
Polarization
Revision 2.0
Total 15.0

How to Get Most from the Course

In distance learning, the study units replace gwoturer. This is one of
the great advantages of distance learning; you read and work

through specially designed study materials at youn pace, and at a
time and place that suit you best. Think of itraading the lecture
instead of listening a lecture. In the same way thlecturer might set
you some reading to do, the study units tell yowenvto read your set
books or other materials, and when to undertakepatimy practical

work. Just a lecturer might give you an in-clagsreise, your study
units provide exercises for you to do at approprgiints.

Each of the study unit follows a common format. eThst item is an
introduction to the subject matter of the unit dwasv a particular unit is
integrated with the other units and the course wba@e. Then, there is
a set learning objectives. These objectives lat kpnow what you
should be able to do by the time you have complétedunit. You

should use these objectives to guide your studyheWyou have
finished the unit, you must go back and check wérethou have
achieved the objectives. If you make a habit ahgahis, you will

significantly improve your chances of passing tberse.

The main body of the unit guides you through theuned reading from
other sources. It will enhance your understandihthe material in the
unit. Self-tests are interspersed throughout thiées tand answers are
given within the units. Working through these sesill definitely help
you to achieve the objectives of the unit and prepgou for the
assignments and the examination. It is advisedyina should do each
self-tests as you come across in the study uniherd will also be
numerous examples given in the study units; workugh them when
you come to them, too.

vii
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The practical strategy for working through the cmuris mentioned
below. If you have any trouble telephone your lfetor/tutor (or post
the question on the Web CT OLE’s discussion boaRRgmember that
facilitator/tutors are to help you. Here you wikktgan opportunity to
discuss with them your problems pertaining to therse of your study.
So, when you need help, don’'t hesitate to consuitfacilitator/tutor to
provide it.

1.

2.

viii

First of all, read the Course Guide carefully amaroughly.

Then, organize a study schedule. Refer to the eaawrsrview for
more details. Note the time you are expected spanelach unit
and how the assignments relate to the unltaportant
information’s regarding the details of your tutorials and the
date of the first day of the semester is availablieom the Web
ct OLE. You need to gather all the informations inone lace,
such as your diary or a wall calendar. Whatever m#od you
choose to use, you should decide on and write in yamwn
dates for working on each unit.

Once you have created your own study schedule vdoything
you can to stick to it. The major reason that studail is that
they get behind their course work. If you have difffculty with

your schedule, please let your facilitator/tutoownbefore it is
too late for help.

Turn to unit 1 and read the introduction and thpdive for the
unit. Assemble the study materials. You will abnalways both
the study unit you are working on and of your setks on your
desk at the same time.

Work through the unit. The content of the unieitshas been
arranged to provide a sequence for you to follods you work
through the unit, you will be instructed to readtsm of your set
books or other articles. Use the unit objectivegytiide your
readings.

Update yourself on the Web CT OLE. Up-to-date infomation
will be continuously posted there.

Keep in mind that you will learn a lot by doing thesignments
carefully. The assignments have been designecelip you to

meet the objectives of the course and, thereforié,he&lp you

pass exam. Submit all assignments y due date.
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8. Review the objectives for each study unit to confithat you
have achieved them. If you feel unsure about ahythe
objectives, review the study materials or consulbury
facilitator/tutor. After ensuring that you havehaved a unit’s
objectives, then start on the next unit. Proceatmse through
the course and try to keep yourself on schedule.

9. When you have submitted an assignment to youriti@toit/tutor
for marking, do not wait for its return before $itag on the next
unit. The evaluated assignments will be returred/du with
tutor comments and marks obtained in TMAs. Keepydar
schedule. When the assignment is returned, paticplar
attention to your tutor's comments, both on theorttumarked
assignment form and also written on the assignmefsnsult
your facilitator/tutor as soon as possible if yavé any question
or problems.

10. After completing the last unit, give sometime toviesv the
course and prepare yourself for the final examomatiCheck that
you have achieved the unit objectives listed atlibginning of
each unit and the course objective listed in thes® Guide.

Facilitators/Tutors and Tutorials

There are 5 hours of tutorials provided in suppbthis course. You

will be notified of the dates, time and locationtleése tutorials, together
with the name and phone number of your facilitétbof, as soon as you
re allocated a tutorial group.

Your facilitator/tutor will evaluate and comment gour assignments,
keep a close watch on your progress and on aniguwltfés you might
face and provide assistance to you during the eounéou must mail
your tutor-marked assignments to your facilitatagt well before the
due date (at least two working days required). yTWwi#l be marked by
your facilitator/tutor and returned to you with corants at he earliest.

Do not hesitate to contact your facilitator/tutor telephone, email, or
discussion board if you need help. The followingigm be
circumstances in which you would find help necegsar

Contact your facilitator/tutor if:
. If you do not understand any part of the study surgt the

assigned readings.
. You have the difficulty with the self-tests or esises.
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. You have a question or problem with an assignmaith your
tutor’'s comments on an assignment or with the gigadf an
assignment.

You should try your best to attend the tutorialsis is the only chance
to have face to face contact with your tutor an@gk questions which
are answered instantly. You can raise any proldaoountered in the
course of your study. To gain the maximum ben&fiim course

tutorials, prepare a question list before attendign. You will learn a
lot from participating in discussion actively.

Summary

PHY 124 intends to introduce basic principles ampliaations of
Geometric and wave optics. Upon completing thisrse, you will be
equipped with knowledge of reflection, refractiarterference,
polarization and dispersion etc. and the laws dramhpmena associated
with them. Also will learn how geometric and ragtios is useful in our
day-to-day life. You will be able to answer th&s®ds of questions:

What is reflection and refraction?

How reflection occurs at plane and curved surfaces

How total internal reflection is useful for us?

How we see the different colours when a ray of &hght passes
through prism?

5 What is a power of a lens?

6. How lens maker’s law can apply?

7. What are the various parts of the eye?
8

9

PoONPE

How the microscope and telescope functions?
: Is the astronomical telescope different from tdrrastelescope?

10. What are coherent sources?

11. How air wedge forms interference patterns?

12. What is the difference between Newton’s rings artdrference
by thin films?

13. What are the ways to produce a polarized light

14. What is Brewster’s law?

15. What are the applications of polarized light?
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MODULE 1 REFLECTION AND REFRACTION AT

PLANE AND CURVED SURFACES

Unit 1 Reflection at Plane Surfaces

Unit 2 reflection at Curved Surfaces

Unit 3 refraction at Plane Surfaces

Unit 4 refraction Through Prisms

Unit 5 refraction at Curved Surfaces

UNIT 1 REFLECTION AT PLANE SURFACES
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Contents

4.0
5.0
6.0
7.0

1.0

3.1 Laws of Reflection

3.2 Reflection at Plane Surfaces
3.3 Image Formed by Plane Mirror
Conclusion

Summary

Tutor-Marked Assignment
References/Further Readings

INTRODUCTION

We see objects either by the light they producéoyrthe light they
reflect from other objects. Objects that producdrtbwn light are said
to be luminous. Examples are the sun, candle,lgettric light bulbs
etc. Whereas, non-luminous objects do not prodbheg town light.
They are seen only when light from other sourcdisofa them and is
thrown back or “reflected” into our eyes. For exdenihe moon shines
in the night because it reflects light coming frahe sun and not
because it is luminous.

)

The narrowest of light is a ray which is usuallgghammatically
represented by a thin line (as shown in Fig. 1vi#) an arrow
head on it. The arrow head represents the directd
propagation of the light.

A group of rays gives rise to a beam of which carphbrallel or
convergent or divergent as shown in Fig. 1.1. Ligtys can be
reflected or refracted on plane or curved surfatgsending on
the nature of the surfaces, including their makemake up. In
this unit we shall only look at reflection of lighty a plane
surface.
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b Ze A\

(@) Alight ray (b) Parallel beams (c) Divergent beamgd) Convergent beams

i

Fig. 1.1: A ray and type of beams of light.

2.0 OBJECTIVES

After studying this unit, you will be able to:

. recognize incident and reflected rays

. recognize angle of incident and angle of refraction
. explain how images are formed by plane mirrors

. solve problems related to reflection at plane si@$a
. state the laws of reflection

. experimentally verify the laws of reflection.

3.0 MAIN CONTENT

3.1 Laws of Reflection

Normal

Incident
ray
Reflected
ray

B

Fig.1.2: Reflection from a surface of a plane mirro
In this Fig 1.2, i is the angle of incident and the angle of reflection.

Fig. 1.2 shows a ray of light AB which is incidemt the surface of a
plane mirror at an angle of incident i from themat to the mirror. BC
is the ray of light reflected from the surface bé tmirror, therefore is
known as the reflected ray. The angle formed byréiilected ray with
normal is r called angle of reflection. As it cam ¢een from Fig.1.2, the
incident ray, the reflected ray and the normah®mirror at the point of
incidence all lie in the same plane. This is ih& faw of reflection.
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Also, it has been experimentally found that
angle i =angler . (1.1)

That is, Eg. 1.1 implies that the angle of incidsnalways equal to the
angle of reflection. This has given rise to whakme®wn as second law
of reflection.

Consequently the laws of reflection can be sumradras follows:
1% Law

The incident ray, the reflected ray and the normlthe point of
incidence all lie in the same plane.

2" Law

The angle of incident equals the angle of reflectio

3.2 Reflection at Plane Surfaces

When light is reflected from a surface that is sthaar polished it may
act as a mirror and produce a reflected imagehdfrirror is flat, or

plane, the image of the object appears to lie lokhire mirror at a
distance equal to the distance between the objettree surface of the
mirror. In figure 1.3, the light source is the @t A, and the point on A
sends out rays in all directions. The two rays #take the mirror at B

and C, are reflected as the rays BD and CE. Tobaerver in front of

the mirror, these rays appear to come from thetpgobehind.

Observer
OIS
E
B
\\ \\
ASERY
\\\\
A AN =
Light Mirror  |mage
Source

Fig. 1.3: Formation of an image by a plane mirror
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Formation of Image by Plane Mirror

In the mirror, it follows from the laws of refleotn that CF and BF form
the same angle with the surface of the mirror,@&@ and AB. If the
surface of reflection is rough, then normal to @as points of the
surface lie in random directions in that case, rdyg may lie in the
same plane when they emerge from a point sourceritnless lie in
random planes of incidence and therefore of relactand are scattered
and can not form an image.

3.3 Image Formed by Plane Mirror

A real image is the one formed through actual s#etion of light rays,
and can be captured on a screen.

Fig. 1.3 (a): A real image

A virtual image is that formed by imaginary intesBen of light rays
and can not be formed or captured on the screen.

Virtual image

Imaginary intersection

Fig. 1.4 (b): Virtual image
SELF ASSESSMENT EXERCISE 1

Look at yourself in a mirror and compare your imagth yourself and
answer the following questions.

1. Is your image real or virtual?
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2. What can you deduce about the way or direction ymage is
pointing?

3. Is your head in your image and in real life poigtin the same
direction?

4. On which side of your body (real) does your rigltesin the
image appear to be?

5. Is your image of the same size as your physicaybod

6 Finally, what can you deduce from 1-5 above?

Having gone through exercise 1.1 above, you muset lsme idea
about the plane mirrors and the formation of imaigeplane mirrors.
Now, we will discuss the characteristics of imad@sned by a plane
mirror.

Major Characteristics of images formed by plane miror are as
follows:

) It is upright, that is, the image is oriented ie same direction as
the object.
i) It is virtual, that is, it can not be received b screen.

1)) It is of the same size as the object.
Iv) It is laterally inverted.

4.0 CONCLUSION

Any polished surface is capable of becoming a cégdleof light. Where
a reflection occurs, the incident ray, the refldatey and the normal all
lie in the same plane. Also the angle of incidens equal the angle of
reflection r. These two laws constitute the ladseflection.

Finally, the formation of an image by a mirror ia application of
reflection of light at a plane surface.

5.0 SUMMARY

. A ray is a fundamental component of light in a givdirection
and is represented by a thin line with an arrowilevd beam of
light consists of several rays.

. A beam can be parallel, convergent or divergent.

. A beam or a ray of light incident on a polishedface at an angle
i which is not 98 is reflected at angle r from the surface, while
angle i ( angle of incident) = angle r (angle eitection).

. There are two laws of reflection:

1% Law: The incident ray, the reflected ray and tbermal at the
point of incidence all lie in the same plane.

2" Law: The angle of incident is equal to the andleeflection.
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. The image formed by a plane mirror due to reflecod light by
the plane mirror is such that the distance of theom object
from the surface of the mirror and the distancéhefimage from
the surface of the mirror are equal.

6.0 TUTOR-MARKED ASSIGNMENT

Activity

Place or fix a sheet of white A4 size paper witthambtack at each
edge of the paper. With the help of two empty méiokes with vertical

slot (holes) cut into them, support the mirror imeatical position on the
paper as shown in Fig. 1.5 below.

R A <+— Match bo;

e Mirror

.
.
.
.
.
.
.
.
.
.
\\
B I P

Match bc;>

Fig. 1.5: A mirror in a vertical position on a pape

Then, trace with your pencil the surface of theramirline AB on the

paper. Place a point P and place another oneiais@@s shown in fig.
1.5. Move your head to the left of P, looking it mirror as you

move your head, until you see the image of P i@ With P appearing to
be along line B). Use a third pin R to a line with &nd Q.

That is, until when pins’PQ and R appear to be on the same straight
line. When this occurs, fix pin R on the paper aschove the mirror.
Then, draw line M Q such that line M Q is°a6 line AB. Measure the
angle between MQ and PQ and then, the angle bet€eand QR.

Questions

What is line MQ called?

What is line PQ called?

What is line QR called?

What is angle PQM called and what is angle MQRecil|

What can you deduce about the magnitude of anglB BQd
MQR?

From 1-5, deduce the laws of reflection.

arwpdE

o
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INTRODUCTION

In the last Unit, you studied reflections at pldfiat) surfaces. In this
unit you will study reflection at curved surfaceSuch surfaces include
concave and convex mirrors.

When light is incident on a curved surface of mirthe reflected rays
either diverge or converge depending on the dwoaatif curvature of the
surface. We could produce a curved surface byngutiut a part of a
hollow spherical shell. A concave mirror is a cdvsurface which is
silvered inside while a convex mirror is a curvedface that is silvered
side is outside, as shown in Fig. 2.1 (a) and ) réspectively.
Therefore, a concave or converging mirror reflegitl from its inside
while a convex or diverging mirror reflect lightoin its outside as
shown in Fig. 2.2 (a) and Fig. 2.2 (b).
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/ <—— Reflective Reflective—>
S|Ivered—§ Side Side <
Silvered
Side

Side

Fig. 2.1 (a) concave mirror  (b) convex mirror

//
/AN
Principal axis
Fig. 2.2 (a) Fig. 2.2 (b)

Because the convex mirror or the concave mirrgraig of a sphere, it
has a center C called the center of curvature, amddius (r) called
radius of curvature. And it also has a Principatus F, whose distance
from the pole P to the mirror is half the radius anfrvature. These
parameters are shown in Fig. 2.2 for the convexamnespectively.

2.0 OBJECTIVES

After studying this unit, you will be able to:

. distinguish between reflection at curved surfacd #mt at a
plane surface

. identify the principal focus of a curved mirror

. obtain images formed by a curved mirror using ragihms

. state the mirror formula

. apply the mirror formula to obtain either imagetaige or object

distance or the focal length and solve problemslinng a
curved mirror
. define magnification.
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3.0 MAIN CONTENT

3.1 Images Formed by Curved Mirrors

We can find the nature and position of the imageshéd by curved
mirrors with the help of ray diagrams drawn to scallo do this, we
make use of the following facts:

)] A ray parallel to the principal axis passes throtigd principal
focus after reflection (refer Fig. 2.3 (a))

1)) A ray through the center of curvature is reflechedk along its
path (refer Fig. 2.3(b)).

i)  As a corollary to (i), any ray through the prindigacus is
reflected parallel to the principal axis (refer Fy3 (c)). The
points to which these reflected rays converge amfwhich they
appear to diverge represent the required image. prctice
however, the tracing of only two of these rays witlable us to
find the position of the image.

Fd A
N

P/
I F

<
~ O
C /YPrincipaI axis
A

Fig. 2.3(a): Ray parallel to principal axis reflecs back
through principal focus F.

//// A
7 "

Fig. 2.3 (b): A ray goes through centre of curvatue
reflected back along its path

10



PHY 124 GEOMETRIC AND WAVE OPTICS

7 N

A,

% //I\
P/I E C @)

Fig. 2.3(c): A ray goes through principal focus F eflected back
parallel to the principal axis.

We can represent the object as a straight linegpelipular to the
principal axis with arrow to represent its headow\ in the next
sub-sections, with the help of diagrams, we willowhthe
position and nature of the image produced by a aamenirror
using these facts.

3.1.1 Image Formed by a Concave Mirror When the Object is
Placed Beyond Centre of Curvature

Fig. 2.4 shows the ray diagram for the Image forrbgda concave
mirror when the object is placed beyond the ceotaurvature and OP
represents the object, 1Q represents the imagend-Garespectively
represent the Principal focus and the center ofcinwature of the
mirror.

Concave

P
- e\
o) C F g

e
Ve
| re

\

| u »

Fig 2.4: Image formed by a concave mirror for objetbefore C.

The figure shows that the image formed is inveftbdt is, in opposite
direction to the object). The image is also dinheid (that is, smaller
than the object) and it occurs to the right of teater of curvature C.
Finally, the image is real, because it can be veckon the screen.

11
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3.1.2 Image Formed by a Concave Mirror when the Object is
Placed between the Center of Curvature C and the
Principal Focus F

Fig. 2.5 shows the ray diagram for the image forrbgda concave
mirror when the object is placed between the cemit@urvature C and
the principal focus F.

&

Q

Fig. 2.5: Image formed by a concave mirror for an bject between C
and F.

The figure suggests that the image formed by timeaee mirror has the
following characteristics:

)] it is real;

1)) it is magnified, that is, larger than the object;
1)) it occurs after C (to the left of C); and

iv) itisinverted.

3.1.3 Image Formed by a Concave Mirror when the Object is
between the Principal Focus F and the Mirror

Fig. 2.6 shows the ray diagram of the image forrhgdhe concave
mirror when the object lies between the mirror grelprincipal focus F.

12
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L EREEREEEEEEEPS

Fig. 2.6: Image formed by a concave mirror for objet
between F and the mirror.

The figure suggests that the image formed is beliive mirrors.
Therefore, it is virtual because it cannot be nemgion the screen.

3.2 The Mirror Formula

As you have learnt in section 3.1.1, that the distaof the object from
the mirror is known as object distance. This isallgurepresented by
letter u. Similarly, the distance between imaged amrror is known as
the image distance, this is generally representedetter v, also one
may not need to determine u or v by constructioda® in section 3.1
because it has been experimentally found, thatetiemathematical
relationship connecting these parameters (withowbofp.  The
mathematical relationship is given as:

Wheref is the focal length.

Magnification

In the day to day language, magnification is thgrele of enlargement
or reduction of the size of an object through itaga formed.

Magnification is mathematically represented by M.

M = Height of image
Height of object

13
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This can also be represented in terms of imagardist of the mirror v
and object distance u from the mirror. Mathemdliicat can be
expressed as:

M = Image distance
Objecstdince

.e. M=

cl<

A “real” image is considered as having positive uggal whereas a
“virtual” image is considered as having negativliga This convention
is normally borne in mind in the application of tim&ror formula. This
means that distances for real objects and imagescansidered as
positive while distance for virtual objects or ineggare considered to be
negative. Also, the focal length for a concaveroniris normally
considered as positive while that of a convex mirsoconsidered as
negative value.

Now we will quickly solve few examples to clear skeconcepts of
mirror formula and magnification.

Example 2.1

An object is placed 0.15 m in front of a concaveramiof focal length
0.1m. Determine the position, nature and magniboabf the image
formed.
Solution:  Object position u = 0.15 m
Focal length f=0.1 rr[ The focal length @sitive J\/
because the mirror is concave

To determining the position of the image ( imagsatice), we apply the
mirror formula.

The mirror formula is given as

1_
f

14
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Notel

The question requiring you to state the naturehefitnage means that
you are required to state whether the image isaealrtual. Since the
image distance obtained (i.e. v = 0.3 m) is posjtiv implies that the
formed image is real.

Magnification m= v
u

=93 29
0.15

Note 2

The value of the magnification implies that the gmadormed is twice
the size of the object.

Example 2.2

A man has a concave mirror with focal length ofc#@ How far should
the mirror be held from his face in order to giveimage of two fold
magnification?

Solution

f = 40 cm (positive)

Two fold magnification means m = 2

The man’s face is the object, so therefore, onegsiired to calculate

the object distance u. To get a magnification pfidt we apply a
formula

11 1

E+\7_T ..... (1)

m:X:Z ..... (2)
u

v=20 (3)

Substitute the value v = 2u in Eq. (1), then we get
1.1 1 _1

u 2u f 40

15
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2+1 1

2u 4C

CONVEX MIRROR p

A

(@) POKIF C
\

Fig. 2.7: Formation of an image by convex mirror

Fig. 2.7 shows the ray diagram for the formationaof image by a
convex mirror.OP is the object andiQ is the image. As usual, the ray
PA which is parallel to the principal axis of the ror, is reflected from
the surface of the mirror &t as if it is coming fronf. Also, the rayPB
that is directed from the top of the object towaitts center of curvature
(C) of the mirror is reflected back along the sam#h @a if it is coming
from C. Thus, the intersection of the two rays (dottadd in the figure)
gives rise to formation of imagde.

Fig. 2.7 shows that the image formed by the comagror is

)] Upright
i) Formed behind the mirror; therefore it is virtual;
1)) Diminished, that is, smaller than the object.

It is necessary to note that the characteristich@fimage stated above
are true for the convex mirror, irrespective of wéhthe object is placed
in the front of the mirror.

Thus, convex mirror is said to have a very widddfief view. Hence,

because the image formed by the convex mirror ésteithe convex
mirror is always use in motor vehicle as side nmirro

16
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Example 2.3

A diverging mirror of 50.0 cm focal length producvirtual image of
25.0 cm from the mirror. How far from the mirrdraild the object be
placed?

Solution
A diverging mirror is a convex mirror, and therefpits focal length is
negative i.e. f = -50.0 cm. Similarly, since theage is virtual it implies

thatv=-25.0 cm.
From the problem, it is required to calculate thgot distance u.

(JUsing the mirror formula

On rearranging the terms, we get

1_1_
u f

< |k

Substituting the values of v and f into the aboge e get

1 _ 1 1

u -500 (-250)
1_-1+2_1

u 50 5C
u=500cm

4.0 CONCLUSION

The curved mirror either concave or convex is para hollow sphere.
When the sphere is silvered inside it is a conaaweor while it is
convex if it is silvered outside. That is, a coxwvairror reflect light
from its outside whereas a concave mirror reflégts from its inside.
Both or either the concave or convex mirror hagereaf curvature C,
Principal Focus F, the principal axis and a pole.

Because the convex mirror diverges parallel raybgbit, it is called a
divergent mirror, whereas the concave mirror idechla convergent
mirror, because it converges parallel rays of lighte image formed by

17
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either a convex mirror or a concave mirror can kéianined using
either the ray diagram or the mirror formula. Boe same reason, the
basic facts used are as follows:

)
i)
ii)

a ray of light parallel to the axis of the mirrarreflected by the
mirror through the principal focus;

a ray of light directed to the center of curvatafeghe mirror is
reflected back along the same path;

a ray of light incident on the mirror through arfeipal Focus is
reflected parallel to the axis of the mirror.

In using the mirror equation the following sign gentions are used:

i)
i)
ii)

5.0

18

real objects and images have positive distances;

virtual objects and images have negative distances;
Concave mirrors have positive focal length andirmafdcurvature
while convex mirrors have negative focal length aadii of
curvature.

SUMMARY

Curved mirrors, concave or convex, are part ofdvokpheres.
The reflecting surface of a concave mirror is issidhile that of
a convex mirror is outside.

A concave mirror or convex mirror has a pole, cenfecurvature
and the principal focus.

The focal length of concave mirror is consideredifpge while
that of the convex mirror is taken as negative.

A concave mirror can form a real or a virtual imagepending
on the location of the object. On the other hahe, convex
mirror forms an erect and virtual image irrespexi where the
object is located.

A concave mirror can form either an enlarged orimirdshed
image depending on the position of the object.

As a result, the convex mirrors have a wide fieldview and
always form an erect image. It is used as reaw vierrors in
automobiles.
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6.0 TUTOR-MARKED ASSIGNMENT

A pin 2 cm long is placed 25 cm away from the pflea concave mirror
of focal length 10 cm. Determine its magnification.

—_—
—

%10 cm
F

UL

ZCmT
—C

25

A7
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1.0 INTRODUCTION

Light plays a vital role in our life. This is tfenly mean by which one
can see the objects. From the very beginning,risfioeere made to
explain many properties of light. Then phenomehaedflection and
refraction were explained by Newton. Later Huygexplained the
phenomena of reflection and refraction by usingevineory of light. In
this unit, we will not discuss the wave theoryight.

In the earlier two units, you have learnt abouteaion at plane and
curved surfaces respectively. But in this unituywill learn the

refraction of light that occurs when light travétem one medium to
another medium through a boundary. When a ray tethe second
medium, it bent at the boundary. This bending cdyaof light from the

boundary is known as refraction.

Before proceeding further for the laws of refractiand total internal
reflection in this unit, it is important to know @it the concepts of
refractive index and critical angle. So here, wdl tariefly discuss

about these concepts.

20
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2.0 OBJECTIVES

After studying this unit, you will be able to:

. distinguish between rare medium and denser medium

. know about the concept of refraction

. explain how the refraction takes place from one iomadto
another

. explain the meaning of refractive index

. state Snell's law

. define Critical angle

. state the laws of refraction

. set up a relation between refractive index and Veagh of light
in two mediums

. know about the phenomenon of total internal reibect

. state the applications of total internal reflection

3.0 MAIN CONTENT

3.1 Refraction at Plane Surfaces

You have learnt in Unit 2 that what happens whetlistrike the

surface of an object. They reflected from the atgfas shown in Fig.
3.1. But you may now ask a question: what happenbké light rays, if

the surface is transparent like glass or watersimple words, it means
that what happen to the light rays when they pes®s fone medium to
another medium through the transparent surface degtwthe two

medium like air and water.

Normal
Reflected
ray
Smooth
77777/ 77 77777 /777777 Surfac‘

Fig. 3.1: Light ray is reflected from the smooth stface.

Now to know the answer of the above question, Etfitst discuss
briefly about the refraction.

When a ray of light passes from one medium to avothrough a

surface (transparent), the ray bends at the sudahown in Fig. 3.2.
This bending of a ray of light is calledfraction.

21
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Incident
ray

Fig. 3.2: Refraction at plane surface between two edium

In Fig. 3.2, the ray of lighPO is called an incident ray where@s) is
the refracted ray. The anglas called the angle of refraction which is
formed between the refracted @@ with the normal aMN atO. The
angle of refraction, shown in fig. 3.2, dependstlom properties of the
two media in which the ray travel and also on thedent angle. The
medium like air is called rarer medium and the mediike glass and
water are denser medium. Now, let us considetwbecases:

1. First, when a ray of light enters towards a medwirere the
speed of light is less i.e. the ray travels from(medium1) to
water or glass (mediu®). The speed of light3§10°) is more in
comparison to the speed when it enters a blocKaxfsgex 10°
nvs).

2. Second, when the ray of light travels towards aiomadwvhere
the speed of light s more i.e. the ray travels froater or glass
(medium?2) to air (mediuml). Therefore, ray is entering from a
medium to second medium where its speed is greater.

3.1.1 Case 1l

The Bending of a Ray of Light when it travels fromAir to
Water

In this case, when a ray of light enters towardsiedium where the

speed of light is less (denser medium) i.e. fromtaiglass or water, it
bends towards the normal as shown in Big (a).

22
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3.1.2 Case 2

The Bending of a Ray of Light when it travels fromWater to
Air

For this case, when a ray of light travels towaadsiedium where the
speed of light is more i.e. a ray of light movesnirglass or water to air,
then the ray goes (bend) away from the normal esishn Fig 3.3 (b)
below.

Incident Normal
ray Refracted

: Air
Alr
Medium (1)

Refracted
rav

(@) (b)

Incident ray

Fig. 3.3: (a) A ray of light is traveling from air to water bends
towards the normal.
(b) A ray of light is traveling from water to air bends away
from the normal.

3.2 Laws of Refraction

You have learnt about the angle of incidenesd angle of refraction
with the normaMN as shown in Fig3.2.

3.2.1 Snell's Law
A relation between the angle of incidence and aoflesfraction was
established by a scientist Snell and known as Srail. According to

this law, the sine of the angle of incidenceand refractionr) have a
constant ratio to each other. The two laws ofactfon are:

23
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First Law

The incident ray, refracted ray and normal at tbmtpof incidence, all
lie in the same plane.

Second Law: The ratio of sine of angle of incidenag o the sine of
angle of refraction is a constant for two given rmedMathematically, it
can be expressed as
ﬂzconstant T ¢ T B
sinr
Eq. (3.1) is known as Snell’s law.

Now, you must be curious to know that what is tbasistant in Eq.
(3.1). Let us discuss about this constant.

3.2.2 Refractive Index

You have learnt that the speed of light is différdar different
substances like air, water, and glass. Let usidenshat the speed of
light in vacuum (air) i and the speed of light in some substance (i.e.
water) isv. Therefore, there is relation betweemandv because of the
difference in the speed of light in these substarared can be denoted
by a symboh called refractive index. Therefore, refractivdenr can be
defined as the ratio of the speed of light a vacuum (air) to the speed
of light vin some other substance. Mathematically, it camxpressed
as

In general, for two given media, if is the velocity of light in medium 1
and v is the velocity of light in medium 2, then the reaftive index n
can be written as

n = speed of light in medium 1/speed of light iachium
2= (3.3)
V2

Since, refractive index n is a ratio of speed i tfferent mediums;
therefore it is a dimensionless number and is awgrgater than unity
as v is always less than c.

24
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Example 1

Determine the speed of yellow light with wavelengti= 589 nm in
diamond. The refractive index of diamond is 2.42.

Solution

Given n=2.42 and =589 nm

Using the Eq. (3.2) above,

C
n=-—
v

Substituting the values given above, we get

:3)(&
242

=124x10¢ M
Q

o]

But the fact is that when light travels from one mdium to another,
its frequency remains unchanged but its wavelengtbhanges.So, if a
light ray is passing from one medium (air) to aeotmedium (water),
then using the relation v =N/ where f is the frequency ardis the
wavelength of light, one can write the relations &oray of light in air
and water. The expressions for velocity of lighainand in water are:

c =fA, (forair) and v =10, (for water or glass)  ..... (3.4)

Now one can obtain an expression between wavelemgthrefractive
index as:

=n="2 (3.5)

2 nl

N |.>‘

For air (vacuum) at normal pressure, the valueefshctive index is p=
1.000293.

Or
nl /12
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Where A; is the wavelength of light in vacuum (air) aid is the
wavelength of light in another medium (water orsgha

Now Snell’s law in Eq. (3.1) can be expressed as

st _p, Snell’s law of refraction  .................. (3.6)
sinr

Therefore, the constant in Eg. (3.1) is the reivacindex for two given
media. The average value of n taken for glasbasial.5 and for water
is about 1.33.

The expression of Snell's law in terms of otherrgiiges is expressed as

sini n A
——=n=-2=pn=-1%
sinr n, A,

Before proceeding further, let us solve an examplgee what we have
understood so far.

Example 2

A beam of light of wavelength 550 nm traveling inia incident on a
surface of transparent material. The incident besamkes an angle of
60° with the normal and the refracted beam makes gtear 43 with
the normal. Calculate the refractive index of iegterial.

Solution
Using the Snell’s law (see Eq. 3.7)

sini n,
._:nz —<
sinr n,

Where n = 1 (for air), i = 66, r = 45
Substituting the values in the above equationgete

sin60°

sin45°

=1.732/1.414
=1.23

N =y sini/sin r =1x
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3.2.3 Critical Angle

In section 3.1.2, you have already learnt that witgdtt rays passes from
water (or glass) to air (it means that the rayassmng into a medium of
lower refractive index), then the ray of light bendway from the
normal. Refer to figure 3.4. In this figure,NN, and N, are the normals
at point O, P and Q respectively. MO, MP and M@ #re incident
rays. When an incident ray of light MO strikes thaface at O, the
refracted ray is OK with the angle of refractiqn But as the angle of
incidence in water gets larger, so does the anigtefraction (see Fig.
3.4).

N1 Ny Ny ne

Fig. 3.4: When light travels from water to air, theangle of incidence produce
the angle of refraction of 90(r, = 9¢°) is called critical angle,&. (i, =4.).

But at a particular incident angle, the angle dfagtion will be 96 as
shown in Fig. 3.4. Here, for (the light ray MP) thiegle of incidence,
the angle of refraction, = 9C, the refracted ray travel along the surface
in this case. Hence, the incident angle for whiehangle of refraction

is 90 is called the critical angle. The notation foitical angle isé4.
Therefore, critical anglél. is the angle of incidence for which the angle
of refraction is 98

The mathematical relation between critical anglel @ne refractive
index is

sing.=n
where n is the refractive index of the medium.

3.3 Total Internal Reflection

Now you may ask a question: what would happen ricident angles
greater than critical angles? You have seen in Figthat for incident
angle less thar, there will be a refracted ray. So, it is inteirgs to
know what happens to the rays of light, if they &lan incidence angle
greater thar@.. But if we look at Fig. 3.4 again for incident ridQ at Q

for which the angle of incidence ig iThis angle of incidence is greater
than &. (i3 greater thaf.). It can be observed that the ray is reflected
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back inside the water. There is no refracted ray dl the light is
reflected back. Therefore,

When a ray of light incident at an angle greatantthe critical anglé.,
it reflects back inside the medium (with the largefractive index).
This phenomenon is called total internal reflection

3.3.1 Applications of Total Internal Reflection

Total internal reflection occurs only when lightilses a boundary where
the medium beyond is optically has a lower refracindex. Now a
day, total internal reflection has wider applicaso

. It is used in many optical instruments like bin@asl

. The principle behind the fiber optics is the totakernal
reflection. Through fiber optics, light can be wamtted with
almost no loss. A bundle of such light fibers iezhlight pipe,
which can be used in human body, in medicines, and
communication signals.

. Optical fibers revolutionized the present era of
telecommunications. Now a day, optical fibers @sed in place
of copper cables in telecommunications. They @anyca much
greater number of telephone calls in comparisoncopper
electrical cables.

. Images can be transferred from one point to anaasity.

. In surgery, these fiber optic devices are very faglip locate the
areas of body which are not accessible easily. examine
internal organs of the body, these are used.

. Another application of total internal reflection iis submarine
periscope.

4.0 CONCLUSION

When light rays travel from one medium (i.e. am)another medium
(i.e. water or glass) through a transparent suyfdeeray is bent at the
surface. This bending of ray of light is calledraetion. When a ray
travels from air to water (or glass), it bends to¥gathe normal and vice
versa. The angle formed by the incident ray ditligith the normal is
called angle of incidence (i) and the angle forrbgdhe refracted ray
with the normal is known as angle of refraction)( r

The incident ray, refracted ray and normal at tbmtpof incidence, all

lie in the same plane. According to the Snellis,l¢he ratio of sine of
angle of incidence to the sine of the angle ofaefon is constant for
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two given media. Later, we find that this cons@sthe refractive index
of the two media.

The term refractive index, n, is defined as therat the speed of light,
c, in a vacuum to the speed of light in some sulgstav. The refractive
index is a dimensionless number.

It is important to note that when light travels froone medium to
another, its frequency remains unchanged but iteleagth changes.

If n, and n are the refractive indexes in air (vacuum) and wateaglass,
then

Snell's law can be expressed as

sini _n,

sinr  n,

When a ray of light travels from glass (or water)dir, the light ray
bends away from the normal as they pass into a umedif lower
refractive index. If the angle of incidence is subht the refracted ray
travels along the surface or the angle of refractso9C, such an angle
of refractive is called critical angle.

The ray of light incident at angles greater tham ¢hitical angleé. is
reflected back in water (or glass). This phenomei® called total
internal reflection.

This principle of total internal reflection is usad many optical
instruments, fiber optics, telecommunication, stygperiscopes etc.

5.0 SUMMARY

. Bending of a ray of light when it passes from onediam to
another through a transparent surface is calledatdn.
. When a ray of light enters from air to water (oagy), it bends

towards the normal. When it travels from waterdlass) to air,
it bends away from the normal.

. The ratio of speed of light in vacuum (or air) cthe speed of
light in some substance v is called refractive inde
Mathematically, it can be expressed as

. The Snell’'s law can be expressed as
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6.0

2.a)

b)

7.0

sini

sinr

where i is the angle of incidence, r is the andleetraction and n
is the refractive index.

The phenomenon of total internal reflection ocoaungn the rays
of light incident at the surface at angles gretitan critical angle
6. The light rays reflected back inside the medwhich has
large refractive index (the rays of light travebrit a dense to a
less dense medium).

The principal behind fiber optics is the total im&! reflection.
The total internal reflection has many applicatioliee in
transmission, surgery, periscopes etc.

TUTOR-MARKED ASSIGNMENT

A ray of light of wavelength 540 nm traveling i & incident on
a slab of transparent material. The refractiveeinaf the
material is 1.47. Calculate the wavelength of tligh the
material.

Do light waves of different colours all tréssat the same speed
in glass? Explain.

Determine the speed of yellow light with waveéhA = 589 nm
in diamond. The refractive index of diamond is2.4

A ray of light strikes a surface of glass at arideat angle of 60
with the normal. Calculate the angle of refractianthe glass.
The refractive index of the glass is 1.5. (Assuha the incident
ray is in air.)
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1.0 INTRODUCTION

In Unit 3, we discussed about the refraction ah@laurfaces. In this
unit we are going to discuss refraction throughrianp, which is a type
of glass block. In this case the glass blockiggular and it is called a
Prism. A typical cross section of a prism is shown ig.K4.1). It may

be equilateral if all the sides are equal or islesci two sides are equal.

Refracting angle

A

Fig. 4.1: A prism

A ray of light PQ is incident on the face AB of thkass prism as shown
in Fig. (4.1). The ray RS emerges on the face A€rakfraction at Q
and R (that is faces AB and AC respectively). Asgl r and e are the
angles of incidence, refraction and emergence ctispl/. Also the
angle A is called the refracting angle of the prigmsimply called the
angle of the prism.
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2.0 OBJECTIVES

After studying this unit you would be able to:

. differentiate between rectangular glass block apdsam

. distinguish refraction through a rectangular glagsck and a
prism

. define angle of deviation and minimum deviatioragirism

. solve problems related to deviation in prism

. Differentiate refraction between thin and normasims.

3.0 MAIN CONTENT

3.1 Angle of Deviation

If a ray XY is incident on the face AB (as shownFhig. 4.2), it is
observed that the emergent ray RS is not paralX. The original
ray has been deviated from its original directigrite glass prism by an
angle of deviation d. The angle between the oaigthrection and the
final direction of the ray is called angle of ddioa. It is denoted by d
in Fig. 4.2.

A
ﬁ Original direction of ray
l‘

4 > ¢ ' : L

r. < r Final direction of ray
1

X B o S
A

Fig. 4.2: A prism

Refer to Fig. 4.2. It can be seen that
A=t +r,. e (4.2)

The angle of prism is equal to the angle between $tvaight lines
equals to the angle between their normal.

Whereas the angle of deviation can be obtained as

d = x +y (external angles of a triangle). ................ (4.2)
but x=hL—-ry,ady=4%-r, N (<)
Therefored = (iy —ry) + (i —r2) N (Y|
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3.2 Minimum Deviation of a Prism

As the angle of incidence is increased from°o 9C, the deviation d
decreases continuously to a minimum valyg dnd then increases to a
maximum value when is 9¢. This is shown in fig. 4.3

. Angle of deviation—»

min

Angle of incidence—%00

Fig. 4.3: Variation of angle of deviation d with amgle of incidence 1

At minimum deviation the light passes symmetricalisough the prism
.e.h=iandry{=r,

Then Eq. (4.1) becomes
A=rn+n=r+r=2r
A=2r ... (4.5)

Also we know from Eq. (4.4), that is
d= il—r1+i2—r2
>dmin=i-r+i -r=2i—-2
dmn=2i-A . (4.6)

From Eq. (4.5), we can write

A
=— .. (4.7
=3 (4.7)
From Eq.. (4.6), one can write,
i=A+ dmin ... (4.8)
2

Using the expression for refractive index

sini

sinr

Substituting the values of r and i from Eq. (4and Eq. (4.8) in Eq.
(4.9), we get the expression for refractive index
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. [A+ dmmj
sin 5
0 -~ < / .... (4.10)

Eq. (4.10) is the expression for the refractiveeidh terms of minimum
deviation and refracting angle A.

Since | = i, at minimum deviation, it means that minimum deawoiat
value is for only one angle of incidence.

Example 4.1

A certain prism is found to produce a deviation5df O, while it
produces a deviation of 628 for two values of the angle of incidence
namely 40 6 and 82 42 respectively. Determine the refracting angle
of the prism, the angle of incidence at minimum idgéon and the
refractive index of the material of the prism.

Solution

We know that

d=(—n)+(2—nr)=(>1+i) —(nL+r)
Therefore, it can be rewritten as

d=(p+i))— A

The values are given as
d=6248,i,=40F6,i,=82 42

Substituting these values in the above equation
06248 = (4P 6 + 82 42) — A

We get the value of the refracting angle A as

A =6C°
To calculate the angle of incidence at minimum di&on we use the
relation,

= A+drm
2
A = 60, dyin=51°0
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i=60+5F0Q
2

i =55 30

The refractive index of the prism is given by

. (A+ d.. j
sin
_ 2 _

SIN —
2

Now substituting the values, we get

. (600 +5100‘j
SN ——————
~ 2
H . (600]
SIinf —
2
L = 1.65

3.3 Maximum Deviation of a Prism

The maximum deviation of a prism occurs when thglef incidence
is 9¢°. From Fig. 4.4 below, it can be seen that unlikaimum
deviation, the maximum deviation occurs for two lasgof incidence
namely 90 and i.

Fig. 4.4:
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3.4 Grazing Incidence and Grazing Emergence

As the angle of the prism (A) is increased, r alstreases and can
become equal to the critical angle, and as suclarigée of incidence is
9(°. At this point the angle of the prism is the gesatangle for which

emergent rays are obtained and it is called thetitigrangle of the

prism. This is shown in Fig. 4.5

Grazing Limiting

A incidence /@\iangk

\ Grazing
“\. emergence

Fig. 4.5

Since A = § + 1, it is therefore follows that at the limiting argl
A=2C (4.112)

Example 4.2
The refracting angle of a prism is°6a@nd the refractive index of the
glass for yellow light is 1.65. What is the smsilg@ossible angle of

incidence of a ray of this yellow light which istrsmitted without total
reflection?

Solution

Fig. 4.6

From Fig. 4.6 above, it is required for one to agkdte i which in-fact
be the smallest angle of incidence without toterimal reflection at the
point B.

At the point B we can use the relation
1

sinC
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Where p=1.65

OC=sin™® (ij
165

Cc=37.31
Then A =1+C
62X =r+37.37
rn = 24.70

Also at the point A we can use the relation

_sini;
sinr,

sini,

164=— 5
sin 247

Therefore,
il = 4358
3.5 Deviation by a Small Angle Prism

If the refracting angle of a prism is very smalle tangle of incidence i
in most cases would also be small which implieg tha incident ray
would be normal at the point of entry of the prism.

Small angle

Fig. 4.7: Deviation by a small angle prism.

In figure 4.7, y is always smaller than.ilt also follows thatris small.
and sinB 06 (for any small angl®)
sini i,

Therefore the refractive indgx=——=-+
sinr 1,

Oripdpur
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Similarly i, O ur,

The deviation of the ray is given by

d = (iL—r1) + (i~ 12)
d = Hn—ntrn
d = W (rn+r) - (ntr)

On rewriting the above equation, we get

d = (-1 (Etn)

Recall from Section 3.1 that A+,

O d=@-1)A (4.12)

Eq.(4.12) indicates that for a small angle prisne theviation is
independent of the size of the angle of incidend@is means that all
rays emerging from the prism are deviated by threesamount. This
principle should be applied to lenses.

4.0 CONCLUSION

A prism is a glass block, but triangular in shaftenay be equilateral or
isosceles in shape. The angle at the apex of tisengorming the
triangle is known as the angle of the prism oraeting angle.

A ray of light incident on one side is refractedthg prism and emerges
at the adjacent side with the direction of emergdrang different from
that of incidence. The difference between theatibas of the emergent
ray and the incident ray is known as the angleeofation.

The minimum value of the angle of deviation is kmoas the angle of
minimum deviation and when this occurs the ray gasymmetrically
through the prism. This value occurs for only aadue of angle of
incidence. On the other hand, the maximum anglthefdeviation is
known as the maximum deviation. Two angles ofdance give rise to
the maximum deviation of which one is°90

When the angle of the prism is very small we sa&yghsm is thin. For
this type of prism the angle of deviation is indegent of the angle of
incidence of the prism.

At a certain angle of the prism, the angle of iecice and emergence is
9@, in this case we have grazing incidence and ggaginergence.
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5.0 SUMMARY

. A prism is a triangular glass block;

. The angle of the apex of the prism is known asaihgle of the
prism or the refracting angle;

. The change in direction between the incident ray dhe

emergent ray is known as the deviation of the ma&y the angle
between these directions is known as the anglewadon;

. Minimum deviation occurs for only one angle of ohent and
when this occurs the ray passes symmetrically titrdhe prism;

. Maximum deviation occurs for two angles of inciderand these
are 90 and any other angle i;

. The deviation for a small angle prism (this) isepdndent of the
angle of incidence;

. For a particular refracting angle it is possiblehtave grazing

incidence and grazing emergence.
6.0 TUTOR-MARKED ASSIGNMENT

1. Determine the angle of deviation of a ray byasg prism with a
prism angle of 3if the angle of incidence of the ray on the front
face of the prism is zero. The refractive indextloé glass
material is 1.5.

2. Calculate the angle of minimum deviation of asmr if its
refracting angle is 60 The refractive index of the material of the
prismis 1.632.
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1.0 INTRODUCTION

Just as reflection takes places at curved and @arfaces, similarly,

refraction can also occur at plane and curved sesfa In the last unit,
we have discussed about the refraction throughsanprin this unit we

shall look at refraction at curved surfaces. Bid.shows refraction at a
curved surface.

Q/ _——

/
2
1

Q. N ,
P I
«— U /
//// #
Hy
(a) (b)
Fig. 5.1: Refraction at curved surface
(@) Convex spherical refracting surface
(b)  Concave spherical refracting surface.
2.0 OBJECTIVES

After studying this unit, you will be able to:

. distinguish between refraction at a plane surfawk & a curved
surface
. state the equation governing the relationship betwhe image

distance ¥), object distance ) and the parameters of the curved
refracting surface
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. solve problems related ta, v and parameters of the curved
refracting surface
. define a lens and to identify its characteristeatfires.

3.0 MAIN CONTENT
3.1 Image Formed by Refraction at a Curved Surface

In Fig. 5.1, pointO is an object near a convex spherical refracting
surface of radius of curvature The surface separates the two media
whose indices of refraction differ, that of the mued in which the
incident light falls on the surface beipg and that on the other side of
the surface being..

A light source ray that enters normally at the p&nvould pass through
undeviated and pass through the center of curvatAréright ray that
enters at any other angl&€) (for example) would be deviated or
converged to intersect with a ray that passingutinothe center of
curvature to produce a real image 1. If the serfaere concave then
the refracting ray would diverge and if producedkveards would form
a virtual image as shown in Fig.1 (b).

The object and image distance are related by thneula (here we have
written only the result. The formula is not derived

L N (5.1)
u \Y r
Where
u = object distance
Y = image distance
r = radius pf curvature of surface
M1, Ko = refractive index of the two media

Note thaty,, is the refractive index of the medium in whicle tight is
originally traveling before it gets into medium tvitefractive indexu,.

It is to be noted that that we must use sign cotwes if we are to use
this equation to a variety of cases. The side efsilirface in which light
rays originate defined as the front side. The o#ige is called as the
back side. Real images are formed by refractidmick of the surface in
contrast with the mirrors, where real images arenéal in front of the
reflecting surface. Because of the difference ratmn of real images,
the refraction sign conventions for v and r areagiie the reflection
sign conventions.
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Just as in refraction the image formed can be gathor diminished and
the magnification of the image is given by

The symbols have their usual meaning.

Example 5.1

One end of a cylindrical glass rod of refractivedar 1.5 is a
hemispherical surface of radius of curvature 20 n#n.object is placed
on the axis of the rod at 80 mm to the left of vieetex of the surface (a)
Determine the position of the image (b) Determine position of the
image if the rod is immersed in water of refraciiveex 1.33.

Solution

< 80%\6 r=20mm

Fig. 5.2

(@) The object distance u = 80 mm
The radius of curvature r = 20 mm

As earlier discussed in unit (sign convention)thié side from
which the light is coming is concave then r woukdrizgative.

Since the light ray is traveling from air to glass
Ui = 1 (for air) andi, = 1.5 (for glass)
Using the formula

M, My _ =
u \Y, r

Substituting the values in the above Eg., we get

8C v 2C

r =120 mm (to the right of the curved surface)
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(b)  Since the glass rod is now immersed in wafer( = 1.33 ),
therefore

Hho Hy o=t
u \Y r

80 v 2C

v = -184.6 mm

The negative sign indicates a virtual image
3.2 Refraction through Lenses

The phenomenon of refraction is the change in tiorof a ray of light
when it travels from one medium to another of dédfe density.
Refraction through lenses involves the same chamglee direction of
light rays.

A lens is a portion of a transparent medium boungdwo spherical
surfaces or by a plane and a spherical surfacee VEhious types of
lenses are shown in Fig. 5.3.

) 4L

Biconvex Plano-convex Bi-concave Plano-ewec

(a) Converging lenses (b) Diverging lenses
Fig. 5.3: Various types of lenses.

Generally, a converging or convex lens makes réyglot originating

from a point come together at another point while tliverging or

concave lens makes rays of light which pass thraugbint spread out

or diverge.

3.2.1 The Major Features of a Lens

A typical lens of whatever type has the major fesdullustrated in Fig.
5.4.
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¥5 [ .
/%.\ Principal axis \ﬁ “\:;F Pﬂ”dpm axis
/ C ﬂ/’/c
/ —

(b) Diverging lens

(@) Converging lens
Fig. 5.4: Major features of a lens.

)] The Principal Axis

This is the line joining the centers of curvaturetioe two curved
surfaces forming the lens.

1)) Optical Centre

For every lens there is a point C through whichsray light pass
through without being deviated by the lens. Thisnpas called the
optical center of the lens. (see figure 5.1)

i)  The Principal Focus

The principal focus F of a converging lens is thenpto which all rays
parallel and close to the principal axis converfjeraefraction through
the lens.

The principal focus of a diverging lens is the pdimom which all rays
parallel and close to the principal axis appeaditeerge from after
refraction through the lens.

iv)  Focal Length

The focal length F is the distance between thecaptenter and the
principal focal of the lens.

Note that the principal focus of a converging lenen thefar side from
the incident rays while for the diverging lens tmncipal focus is on

the same side as the incident rays and the reftaates do not actually
pass through it (refer Fig. 5.4).

4.0 CONCLUSION

A lens is a portion of a transparent medium boungdwo spherical
surfaces or by a plane and a spherical surface.
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When refraction takes place at a curved surfads, rsults into an
image formation. The magnification m of the imagegiven by the
expression,

The equation relating the image distance v to thjead distance u and
the radius of curvature r and refractive index lué turved refracting
medium is

My Hy My~
u \Y r

A typical lens has an optical axis, principal axigncipal focus, center
of curvature. For a converging lens the light raelgse to the principal
axis are brought to the focus on the side of thms lehere as in a
diverging lens, parallel rays close to the printipais diverge or
appears to come from the focus at the same sitteeascident rays.

5.0 SUMMARY

. Unlike refraction at a plane surface, refractiorcatved surface
results in image formation which can be real orgmary.
. A lens is a portion of a transparent medium bounbgdwo

spherical surfaces. Therefore refraction throuders involves
refraction at two curved surfaces.

. A typical lens has an optical center, principaluscprincipal axis
and center of curvature.

6.0 TUTOR-MARKED ASSIGNMENT
A small tropical fish is at the center of a sphariish bowl 1m in

diameter. Determine the position and the lateragmification of the
image of the fish seen by an observer outside thvd.b The refractive

index of water is%
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INTRODUCTION

In Unit 5, we have discussed that refraction aueved surface gives

rise to image formation.

That is, if an objectpisced in front of a

curved refracting surface, the image of the ohgébrmed. This is also
true of a lens which, as we have also discussddnih 5, consists of
two refracting curved surfaces.

In this Unit, you will study how images are formbg lenses (either
converging or diverging) for various object posiso This unit will
concentrate on using ray diagrams to determinegds&ion of images
formed by such lenses. As we have discussed dbeuefraction. The
law of refraction is responsible to govern the lwtraof lens images.
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2.0 OBJECTIVES

After studying this Unit, you will be able to:

. trace rays to locate the image formed by a conees for various
objects distances

. trace the rays to locate the image formed by aaandens for
various object distances

. distinguish the differences between images formgdcdinvex
and concave lenses

. solve problems associated with images formed byweorand

concave lenses using ray tracing.

3.0 MAIN CONTENT
3.1 Images Formed by a Convex (Converging) lens

In this section discussion is on the image formed & convex
(converging) lens. Here, we are going to look @w lihe image of an
object is formed by a convex lens for the threéed#int object position
discussed below. The method is illustrated in Bid. (a), 5.1 (b) and
5.1 (c).

In using the ray diagram to determine the positbrthe image of an
object formed by a lens either (convex or concaaegt of rules, similar
to rules that govern the reflection case, exisesehare as follows:

0] a ray parallel to the principal axis incident ore@ide of the lens
is refracted to the far side of the lens through far focus as
shown in Fig.51 (a).

T
Fig. 5.1 (a): A ray parallel to the principal axispasses through the
focus on the far side of the lens.

F

(i)  Aray passing through the near focus on one sicerges parallel
to the principal axis on other side as shown inFig(b).

L
-

Fig. 5.1 (b): A ray coming through the near focus écomes parallel
to the principal axis on the other side.
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(i) A ray incident along the optical centre of the lgogs through to
the other side without any deviation as shown @ bil (c).

Fig. 5.1 (c): A ray incident along the optical cene of the line is
undeviated and passes to the other side without any
deviation.

As it will be seen in the case discussed below,ube of any two of
three rays is sufficient to determine the locatamd magnitude of the
image.

3.1.1 Object Placed at Distance Greater than 2f

Q
: I

o 2 f \]\N
' R

——>0Object distancee—

—~Image distanceH

Fig. 5.2: Shows the image formed when the object gded at a
distance greater than 2f.

Fig. 5.2 shows the ray diagram for the image foritmgd convex lens of
focal length f, in which object OP is placed attance greater than 2f
from the lens. Ray PQ which is parallel to the gipal axis is refracted
through the principal focus to give ray QR. Thea thy PC which is
directed towards the optical center C of the lemough the lens
undeviated to give ray CR. The two refracted Qg and CR intersect
at R to form the image IR. So, therefore IR gitles magnitude of the
image and CI the image distance and OC is the pbhjstance so the
magnification M as earlier defined equal to

M =1IR = CI = Image distance
P

OP OC Object distance
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It can be seen from Fig. 5.2 that the image forighdl is real, inverted
and magnified.

3.1.2 Object Placed at the Position 2f
P < Q,

S,

Fig. 5.3: A ray diagram for an object placed at 2f

Fig. 5.3 shows the ray diagram for the image foritmgd convex lens of
focal length f when the object distance is 2f. TWe rays considered
are similar to those in Fig. 5.2. It can be seemfiFig. 5.3 that the
image formed is real, inverted, and of unit magaifion. That is, the
size of the image is same as that of the object.

3.1.3 Object is kept at Principal Focus

Fig. 5.4: A ray diagram for an object placed at f.

Fig. 5.4 shows the ray diagram for the image foringd convex lens
when the object is kept at focus which is at fdeabth f. Considering
just the two rays either discussed above, ray R@llphkto the principal

axis is refracted through the far focus to give @y On the other hand
ray PC goes through the optical centre of the lemdeviated on the
other side. Thus, we have a set of parallel rayerging on the other
side of the lens. Since parallel rays (lines) oniywverge infinity, it

applies that the image formed under this conditoat infinity. Thus,

the image formed by a convex lens, when the ohgegiaced at the
principal focus, is at infinity.
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3.1.4 Object kept between f and the Lens

R-

Fig. 5.5: A ray diagram for an object kept betweerf and the lens.

Fig. 5.5 shows a ray diagram for image formed lbyea lens when the
object distance is less than the focal length & l#ns. Ray PQ is
refracted to give ray Qf while ray PC, as usual, uisdeflected.
Consequently, the emerging, (refracted rays) devamgd appear to come
from point R consequently given rise to image IR.

From Fig. 5.5 it can be seen that the image IRinal, erect and
magnified.

3.2 Images Formed by Concave Lens

c Yo

]
1
1
0
.
. 1
.
R - '
.
1
P
- |
-
Py
T

O fool

—n g

Fig. 5.6: Image formed by a concave lens.

Fig. 5.6 shows the ray diagram for the image formbgda concave

(diverging) lens. As can be seen from this figinat a ray PQ, parallel
to the axis, diverges at the other side of the Bter refraction to give

ray QR, ray PC through the optical center of thes Ipasses through to
the other side of the lens without any deviatiomntk, the image is
formed by the intersection of the apparent soufcth® divergent ray

(dotted line) and ray PC.

These two rays intersect Rt therefore]C gives the image distance and

IR gives the magnitude of the image. As before thgmifi@ation of the
Image can be written as
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M =IR =IC

P OC

It can be observed from Fig. 5.6 that the imageéat is imaginary, it is
erect and it is diminished.

Also it has been found that irrespective of thetpms of the Object, the
shape of image and type of the image formed arayasthe same.

Example 1.1

An object 3 cm tall is placed 30 cm in front of @ngex lens of focal
length 10 cm. Determine using a ray diagram

0] magnification of the image

(i)  the image distance

Solution

Choose a suitable scale e.g. 1 cm =5 cm

o Q
L e

© | T 0.4 cm
| —3.2 MR~

F——> 6 cm<—
F— 10 cm<—

—he

Fig. 5.7
[0 The object distance OC = 30 cm= 6cm (in choosgt) u
Object height OP= 3cm =0.6cm ( in choosem)uni
Utilizing the above information, the resultingyrdiagram is shown
in Fig. 5.7. IR as indicated earlier is the mag&twf the image and
OC is the object distance.
So (i) Using the definition of magnification

M=1IR

OoP
Which means the image is diminished, it is redumg half.

(i)  the image distance IC = (3x5) cm = 15 cm
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Example 1.2

If the object in example 6.1 above is placed 15away from lens,
what will be

0] the height of the new image formed?

(i)  the new image distance?

P Q
Mﬁ 5.lcm<——

|
O —2c

1cm
R
Fig. 5.8 IR =1cm=5cm
IC=5cm=25cm
Solution
Refer Fig. 5.8

0] The new height of the image = (1.0 x5) cm =5 cm
[0 The new magnification =5.6m = 1.67 cm
3.0
(i)  The new image distance = (5 x 5) cm =25 cm
So that there is a magnification 1.67 times whichans the
image is enlarged.

4.0 CONCLUSION

The image formed by convex and concave lens cadebermined by
ray tracing for various object distance. For obtaynthese images, the
basic rules to be followed are;

0] Rays parallel to the principal axis incident to es on one side
of a convex lens are brought to a focus on therdalte of the
lens after refraction of the lens. For the conckeres, on the
other hand, the rays are diverge from the same afldhe
incident parallel rays are appear to be brougtda focus on the
far focus.

(i)  For a convex lens, rays emanating from focus on side
incident on the one side of the lens emerge parédethe
principal axis on other side. For a concave lemshsays are
reflected on the same side parallel to the prindgmzus.
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(i)  Light rays directed to the optical centre of thaslgwhether
Convex or Concave) pass through the lens to ther oside
undeviated.

When the object distance for a convex lens is greaan 2f, the image
formed is real, inverted and magnified.

When the object distance for a convex lens is etudf, the image
formed is real, inverted and of unit magnification.

When the object distance for a convex lens is #uefimage is formed at
infinity.

When the object distance is less than f the imagedd is virtual, erect
and magnified.

Finally, the image formed by a concave lens is gbvartual and erect.

5.0 SUMMARY

Ray tracing is an interesting technique to deteenive images formed
by concave and convex lenses. The three rulesrigiogethe rays are
summarized as in Section 3.1 above. The charawoterief image

formed by convex lens are as follows:

When object distance is greater than 2f then infiageed is as follows:

0] Real

(i) Inverted

(i)  diminished.

The characteristics of image formed by convex Mhen the object is

kept at 2f are;

0] Real
(i)  Inverted
(i) Itis of unit magnification

When the object is placed at the focal point obavex lens, the image
is formed at infinity.

The characteristics of image formed by a convex nwhee object
distance is less than f is as follows:

0] it is virtual

(i) itis erect
(i) anditis enlarged
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The image formed by a concave lens irrespectives abject distance is
always virtual and erect and upright. It may baidished or enlarged.

6.0 TUTOR-MARKED ASSIGNMENT

l.a) A convex lens with focal length 15 cm isgeld 45 cm away
from the object 2.5 cm tall (a) Determine the positand the size
of the image.

b) If the convex lens were a concave lens, whdhe value of the
magnitude of the image and the image distance?

7.0 REFERENCES/FURTHER READINGS
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UNIT 2 LENS FORMULA AND SPECTRA
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1.0 INTRODUCTION

In Unit 1, we discussed how to obtain image distarand the
magnification of the image by ray tracing formed bgnvex and
concave lenses for different object distances. Baee kind of
information can be obtained using the lens formula.

This equation relates the focal length f to theeobjdistance u and
image distance v of a lens to the refractive indexi the radii of
curvature, £ and 5 of the curved surface of the lens.

Also, there is another equation that relates tkalflength of a lens to its
refractive index and the radii of curvature of taes, this law is known
as the lens maker’s law. You will know more abthdse laws while
you study this unit.

Further in this unit, you will study about dispersiof white light, that
Is, how white light is splits into its different loor components by a
glass prism. As you will see in Section 3.2, dispm is related to the
angle of deviation i.e. dispersion is due to the fhat the various colour
component of white light are associated with défér angles of
deviation while traveling through glass prism. bidaion, in this Unit,

you will study different types of spectra.
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2.0 OBJECTIVES

After studying this unit, you will be able to:

. state the lens maker’s law

. apply the lens maker’s law in solving problems
. define and explain dispersion

. identify the colours of white light

. differentiate and explain different kinds of spactr

3.0 MAIN CONTENT

3.1 The Lens Formula

It has been found that there is a mathematicatiogiship linking the
focal length of a lens (f), the object distancenfrthe lens (u) and image
distance from the lens (v).

This relation is given as

1_
f

< |k

L
u

This Eq.(2.1) is the same as that for curved nsr{ooncave or convex).
Hence, if any two of these parameter f, u and \kaevn, Eg. (2.1) can
be used to determine the third unknown parametens€guently, this
equation can be used to derive the same piecegarfmation obtained
in Unit 6 by ray tracing.

3.2 The Lens Makers’ Equation

The best way to represent the focal length of a iefy using the radius
of curvature of the two faces (or surfaces).

Now in this section, we will derive an expression the focal length f
of a convex lens. Here, it is assumed that thdatky on the flat surface
of the lens and these surfaces at which a raysatet leaves similar to
the surfaces of a prism. So, we will use prisnmigla to determine the
deviation d.
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lens
> \l/ ———————————————
Principal h (
axis ? T ' d
B <
Fig. 2.1 (a): Convex lens A

|_I

Fig. 2.1(0Q

I \\I'L/ I tl
Fig. 2.1(b)

When a ray of light enters a prism, it deviateset t be the angle of
deviation of light from a small angle prism. Theal angle of the
prism is A. Letpu is the refractive index of the glass. Then the
expression for the deviation of a ray passing tghoa prism can be
written as

d=¢-1)A (2.2)
But from Fig. 2.1 (a), it is observed that the tighys are parallel to the

principal axis. To focus these light rays on thealgooint f, each ray is
deflected by an angk& then

_h
d= T e (2.3)

(here the value d is small <15)

It means that all light rays do not hit lens too fi@mm its centre. It is
also known that a transparent material whose seirimspherical will
deflect light rays according to Eq. 7.3 i.e. wilake useful lens.

Combining Eq. (2.2) and (2.3), we get another esgion,

2: (u-1) A
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Rewriting the above equation in another form, we ge
1 A
—=(u-1)— ...(24
=W (2.4)

from Fig. 2.1 (b), it can be seen thatind p are the radius of curvature
and

d=a+p . (2.5)

a=—and f=— oOr —:r—+ri ... (2.7)
Substituting Eq. (2.7) into Eq.( 2.4), we get

%z(ﬂ_l)(Lij ...... (2.8)

nrn

So, now you can see a relation between focal leofgéhlens in terms of
its refractive index and radius of curvature. Nawcan be seen from
the EqQ. (2.8) that to obtain a short focal lengthd lens should have a
small value of y and p and refractive index of the material should be
high. The Eq. (2.8) is known as the lens makerisa&qn.

It can also be noted that the values of the radauovature of the two
spherical surfaces, which a lens of required fdeayth should have,
can be determined by using this formula. Then W gurfaces of glass
can be given the calculated value of the radii wivature. Hence, the
lens so produced will possess the required focajtle
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Example 7.1

A pin is placed 40 cm away from a convex lens alfdength 15 cm.
Determine the magnification of the pin formed bg téns.

Solution

Focal length (f ) of the lens = 15 cm
Object distance (u) =40 cm
The image distance ( v) is to be determined

Using Eg. (2.1)

On rearranging the terms on either side, we get

1_1_
v f

c |-

Now substituting the given values

v =24cm

oM = 167
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Intensity and colour are the two properties of tighhe colour of the

light is related to the wavelength or frequencyh# light. The intensity

(brightness) of light is related to the squarehef amplitude of the wave.
The visible spectrum to which our eyes are semslias in the range of
450 x 10°m to 750 x 10m . Within this spectrum lie the different
colours from violet to red. Light with wavelengthaster than 450 x 10

’m is called ultraviolet and light with wavelenggreater than 750 x 10

°m is called infrared. It is to be noted that huneges are not sensitive
to ultraviolet and infrared.

In your physics course earlier, you come acrosB thié prism. A prism

Is a triangle (wedge) shaped piece of transpareatenal make up of

glass. So, what happens if while light from a seus passed through
this prism? Let us discuss about it.

3.3 Dispersion and Spectra

It is found that if white light, such as light frothe sun, passes through
a prism, an elongated coloured patch of light itaimled on a screen
placed behind the prism as shown in Fig. 2.2.

White
light

Fig. 2.2: A white light pass through a prism

This patch of light is called spectrum and it consist of the following
colours arranged in the order of presentation \lith red light rays
having the least of deviation and the violet ligays having the most
angle of deviation. The incident white light adipaonsists of these
colours combined but because each component cdiasr different
speed in the glass medium. However, in ordinarytlé speed of each
of these components is virtually the same and thesgonents cannot
be differentiated as they travel together with ampwn speed.
However, in a medium like glass these componeatgtwith different
speeds (i.e. red travel with the fastest speedvasldt is the slowest)
and therefore they are associated with differerglesn of deviation.
(Also we have learnt that light of different waemngiths bent at different
angles when falls on a refracting material. Theexaf refraction of
material depends on the wavelength.) Therefore,ctmponent splits
into their different colours as they travel througjass and separated the
white light into its various colours
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The wavelength of red light in air is 750 x 0 (the longest
wavelength) and violet light has a wavelength in4%0 x 10°m (the
shortest wavelength).

As shown in Fig. 2.2, a band of impure coloursbsamed on a screen
S. The separation of colours (red, orange, yellgieen, blue, indigo
and violet) by a prism is called dispersion. In pglien words, the
spreading of white light into the full spectrumcalleddispersion The
formation of rainbows is a natural example of disp®.

The prism alone produces what is called an impyrectsum or
continuous spectrum in which different colours ¢ser Therefore in
order to produce a pure spectrum, the set upst@sn in Fig. 2.3.

Convex

spectrun
of light

Fig. 2.3: Two convex lenses in addition to the pnms to obtain pure
spectrum.

After discussing the dispersion in this sectionwna section 3.4 the
topic of spectra will be discussed. Here also,wié familiarize you
with the different type of spectra.

3.4 Spectra

Spectra is the study of wavelengths of the radiatioming out from a
hot body. There are two types of spectra, the fomnsspectra and the
absorption spectra.

Emission spectra

When an atom is heated, it's electrons gain theenalgy until it gets
to the excited state. And within a very short tirttee electron can go
back to a lower energy level, thereby emitting ggein the form of
photons. For example, iron has 400 different wavgihs in its
spectrum, but a very element has a unique speatharacteristics of
it's atoms. Consequently a study of the spectrfiia substance enables
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its composition to be readily determined. Specipy is the analysis
of mixtures or compounds by a study of their sgectr

3.4.1 Types of Spectra
1. Line Spectra

This is the type of spectra obtained from atomsnatecules and is
displayed in the form of lines. The line spectriobtained when a gas
is heated or a large electric current is passaxdigfr it. It is important to
note that, only certain wavelengths of light areitesd and these are
different far different elements and compoundsesghlines are actually
the image of the narrow slit of the spectrometewtmich the light is
incident. These lines occur in series as shovtherfig. 2.4 below.

—Z

Series of lines

Fig.2.4: Line spectra for series of lines

The various series and their wavelength are:

. 1 1 1
Lymanseries:==R| = —-—| , U= 2,3, .ceervrrrn.....
y A (12 uj - H

Balmer Series :1 =R (iz - 1), M=3,45..............
A 2 y7i

Paschen Seriesl— =R iz _1 L M=45................
A 3 U

Bracket series:1 =R iz _1 . H=56.......ccccntnn.
A 4° u

where R is a Rydberg constant = 1.097 0
2. Band Spectra
This is the kind of spectra obtained from molecwdes it consists of

bands (fine lines) sharp atom end and at the @hdras shown in Fig.
2.5.
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/A

Fig. 2.5: Band Spectra

3. Continuous Spectra

This is kind of spectra obtained from solids awmgilds. Since the atoms
and molecules are closely packed, there interacéiwists between
neighboring atoms, such that all radiations ofetéht wavelength are
emitted. For example, light bulb filament producas continuous
spectrum.

4. Absorption Spectra

When a white light (for example a continuous speulr is passed
through a sodium, the flame absorbs from the lightjavelength equal
to that which it can emit at that state (tempegturThis will produce a
dark line with in the continuous spectrum when \edwwith a

spectrometer. This dark line is a natural charatterof the absorbing
substance (sodium). Also atom and molecules abgghtbat the same
wavelength at which they emit light i.e. if we loak sun’s continuous
spectrum, it will contain a number of dark linedlexh absorption lines.
This kind of spectra is called absorption spectra.

Example 2.2
When an object is placed 10 cm away from a lens found that the
image formed 5 cm behind the object on the same aidhe lens (i)
Determine the focal length of the lens (ii) the mégation and (iii)
type of image.
Solution
0] The object distance, u = 10 cm

The image distance, v=- (10 + 5) cm

(since the image is on the same side as the sithe @bject.)

Because the image distance is negative, Eq. 2dniex

1
f

C |-

1
v

That is on inserting the values of the parameteesget

1

1.1
f 10 15
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o1 1
ie—=—

f 30
O f =30cm.

(b)  Since the sign of f is positive, the lens camed must be a
convex one as by convention, a convex lens hadiymdgocal
length.

Magnification,M = v
u

But v is negative, therefore the magnification is

_ 1
1C

U M=

M=-1.5

Actually, the negative sign of the magnification, &hd the image
distance, v shows the image is virtual.

Example 2.3

The curved face of a plano- convex lens of refvactndex 1.5 is placed
in contact with a plane mirror. An object at ataige of 20 cm
coincides with the image produced by the lens afidats by the mirror.
A film of liquid is now placed between the lens ahé mirror and the
coincident object and image are at 100 cm distanDetermine the
refractive index of the liquid.

T

20 cm
l Plano-convex
—— //
[77 7777777777777

Fig. 2.6(a)

65



PHY 124 GEOMETRIC AND WAVE OPTICS

T

100cm =F

I

N — D
2 J7T77 777777777777
Fig. 2.6(b)

Solution

In Fig 2.6 (a), the rays reflected by mirror areglial. Therefore, they
would converge at the focus of the overlying leriterareflection.
Similarly, when the space between the lens andniner is filled with
liquid the reflected rays converge at the jointu®®f Plano concave
lens formed by the liquid and the existed Planoveanlens after
refraction through these two lenses.

This implies thatf= 20 cm, f = 100 cm.
Relating the focus lens to their joint focal (f) is

1 1 1

_ = 4 —

f f, f,

1 1 1

_ = 4 —

f f, f

+r_ 1 1_1 1
f, f f, 100 20
1_-4

f, 100

1_-

f, 5

af, = -25cm.

The negative sign indicates that the lens is aaontens.

A Plano — concave has a negative focal length.ngJgie lens maker’'s
equation for the Plano — convex lens, we have
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hence,u is the refractive index of the glass for the Plapnavex lens s
Is infinity (r, = ) because one of it's surfaces is flat.

1 1.1
0 o= 5~ 1)(_+;j

]

= (1.5—1)1 (since

r

_1=0j
[o0]

Therefore,;r= 10.0 cm

Using the lens maker's equation for the Plano-ceadauid lens, we

have

L= (u- 1)(1+ij

f2 1 r.2

wherep = refractive index of liquid

f=-25cm

rr= 10cm

yzeo,m L = 1o
r, 00

ot
2—5—(,U 1)10

H=0.6

40 CONCLUSION

The lens formula sE

f

<I|—\

ClH

Thus, if any two of the three parameter f, v, arateitknown, then third
one can be easily computed using the above Equafidrerefore the
information that can be obtained about the objectifnage distance
through ray tracing can also be obtained by usirgdquation.
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The lens maker’s equation

i: (Iu—]_)(l+ij

fl 1 r.2

This equation relates a focal length, refractivde and the radii of
curvature of a given lens. Consequently, if wevkramy of the three
parameters above we can always use the equatiateteymine the
fourth one.

Dispersion is the break down of white light inte @¢olour component.
These colours are red, orange, yellow, green, bldego and violet.

Dispersion results from the fact that the variool®er components have
moved through the glass prism at different velesitand are associated
with different angles of deviations. While redhitdas the least angle of
deviation, violet has the most angle of deviatidrhis gives the colour

spectra of white light after dispersion. The speutcan be continuous
in which case, the colours match with each othee pua this case they

appear distinctly in fine lines.

5.0 SUMMARY

. The lens formula can be used to obtain the sanmnnation
about the u or v or f as by a lens by ray tracing.

. The lens maker’s equation relates the focal lenti refractive
index and the radii of curvature of a given lens.

. When white light passes through a prism, it sphte its basic
component colours. This is known as dispersion.

. Dispersion is due to different velocities of travend
consequently, different angle of deviation of themponent
colours of white light through the glass prism.

. Red light is least deviated whereas violet deviatest out of the
component colours.
. The emerging ray of light received on the scredarahcident,

white have passed through a prism is usually irmfaf a
continuous spectrum in which the adjacent colontsriere with
each other with appropriate instrumentation, pyrecsum can
be obtained.

. Other forms of spectra are band spectra and alicogectra.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Determine the radius of curvature of the consexface of a
plano  convex lens if its focal length is 0.3and the refractive
index of the material of the lens is 1.5.

2. An object placed 45 cm away from a lens foansmage on a
screen placed 90 cm on the other side of the lens.

(@) What type of lens it is?

(b)  Determine the focal length of this lens.

(c) Calculate the size of the image if the sizéhefobject is 15 cm.
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1.0 INTRODUCTION

We have learnt about the lenses in earlier ur¥isu can recall that how
different kind of images are formed when the objsdtept at different

positions. Eyeglasses are now a day commonly usesbrrect visual

problems. We use lenses to solve the problem ofsiggdedness,
farsightedness or to magnify object. Now, you raak logically what

goes wrong with our vision. Why are we not ablsd¢e properly? To get
the answer of these questions, first, it is vikakhow about the human
eye and its essential parts and their functions.

The eye is a natural optical instrument which aerage person uses to
see. lItis analogous in every way to the camétrhas a lens, a shutter
known as the iris and a retina which acts like fifina camera. The

image of an object being viewed is formed on theaein the same

manner as the image is formed on the film of a came

In this unit you will study about essential parfdle eye as well as the
defects of the eye and their corrections. The nigdects of eye are far
— sightedness, and short sightedness. They areected using
appropriate convex or concave lenses which arellysmarn in form of
eye glasses (spectacles).
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2.0 OBJECTIVES

After studying this unit, you will be able to:

. identify the various parts of the eye

. discuss the function(s) of each part of the eye

. define the power of a lens

. solve problems involving power of a lens

. discuss the major defects of the eye and theiectians.

3.0 MAIN CONTENT
3.1 The Human Eye

A vertical section of the human eye is shown in. Bid. below. As you
can see, the eye has the following essential parts:

Vitreous
humeor

Ciliary

muscle //;‘f"’:_ ‘
L = .
et -

Retina

Retmal
Cornea arteries
B a..
Crystalline ™S g
lens T

Pupil ——¢

Aqueous —
humor __Optic

nerves

Fig. 3.1: Main parts of human eye

)] The cornea is the transparent part of the eye. ligie which
enters to the eye passes through it. It serves psot&ctive
covering to the parts like pupil, crystalline leag. and also
partly focuses light entering the eye.

i) The iris which acts as a muscular diaphragm ofaldei size that

controls the size of pupil. Its function is to rémfe the amount of
light entering to the eye. In low light conditions,dilates the
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pupil and on the other hand, it contracts the pumpihigh light
conditions.
i)  The pupil is a circular aperture in the iris.

Iv)  The eye lens which is supported by the ciliary’ssoles and its
function is to focus light entering the eye onte tietina. The
action of the ciliary’s muscles alters the focaldth of the lens
by changing its shape.

V) The retina is the light sensitive portion at thelbaside surface
of the eye. The optic nerves of the brain begithatretina from
which they transmit massages to the brain. Thet m@ssitive
spot of the retina is known as the yellow spot disdleast
sensitive portion is the blind spot, which is wh#re optic nerve
leaves the eye for the brain. An image is perceivEde retina in
the eye works in the same way as the film in a camk is
interesting to note that our brains interpret tligect scene as
right side up.

vi)  Cornea is the curved membrane forming the fronfiaserof the
eye.

vii)  The aqueous humor is the transparent liquid betwleeirens and
the cornea.

viii)  The vitreous humor is a jelly liquid between thedeand the rest
of the eye ball.

The optical system of the eye consists of the @rtige aqueous and
vitreous humor and the lens. The rod and conesviknas receptors,
when stimulated by light, send signals to the btamugh optic nerves
and where an image is perceived. They form anlided inverted

image of an external object on the retina. Thenaetiransmits the
impression created on it by this image through dp@c nerve to the
brain. The brain then interprets the inverted ienag being vertical in
reality.

The focal length of the eye lens is not constdrite shape of the lens is
altered by the action of the ciliary muscles toamnita convex lens of

appropriate focal length required to focus the cbygewed (far or near)

on the retina. The ability of the lens to focusr@ar and far objects is
known asaccommodation.

You may have come across with Optometrists and l@imiblogists in

regard of eyeglass or contact lenses. It is impottaknow that they use
inverse of the focal length to determine the sttieraf the eyeglass or
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lens. This inverse of the focal length is calledvpg which we will
discuss in the next section 3.2.

3.2 Power of a Lens

The power of a lens is defined as the reciprocathef focal length.
Where P is the power of the lens and f is the ftaagth. The power of
a lens is measured in diopter (D). For example,nathe focal length is
1m, the power of the lens is 1D.

1
P= (3.2)

Hence the power of a lens in diopters is givenheyexpression
100

)

Here the focal length is taken in centimeters.

The power of a converging lens is positive whilattbf a diverging lens
IS negative because their focal lengths are pesitmnd negative
respectively,

Example 3.1

Determine the focal length of a lens with power.5 @opters.

Solution

100
= f=—
25

=40cm

Example 3.2

Determine the power of a concave lens with foaagte 20 cm.
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Solution
100 _ _ 100
f 20

= f=-5¢cm

Many of us encountered with the visual problems litearsightedness
and farsightedness. Most of us use glasses at pomeof time in our
life. In section 3.1, various parts of eyes andirtienctions were
discussed. It was mentioned that focused image albgect is observed
on the retina. But sometimes the image of the oligawot formed on the
retina because the lens in the eye does not foauBght rays properly
on to the retina. Hence, we are not able to sepepipor there is some
defect observed in the eye. Now in the next sectadrus discuss about
the eye defects and also learn how these defectisecaorrected?

3.3 Eye Defects and their Corrections

The closest distance a normal eye can see an afigaty (without
accommodation) is called “theear point or the least distant of distinct
vision”. The near point is the closest distance idrich the lens can
accommodate to focus light on the retina. Thisatisé is equal to 25
cm for a normal eye. This distance increases with age. It is
mentioned in the literature that it is about 50amnage 40 and to 500 cm
or greater at age 60.

The farthest distance a normal eye can see antabjealled thefar
point and is at infinity for a normal eye. Thereforeparson with
normal eye can see very distant objects like moon.

3.3.1 Farsightedness (hyperopia)

In farsightedness (or hyperopia), a person canllyssae far away
objects clearly but not nearby objects. The lightsrdo not converged
by the eye on the retina but focuses behind thearelence, the image
formed by the lens in the eye fall behind the @e{see Fig. 3.2(a).

Correction: In order to correct this defect, a convex lensdse® be
placed before the eye. It help in converging fertmore the incoming
rays before they enter the eye, so that by the thmelens in the eye
converges them, they would exactly fall on theneefisee Fig. 3.2 b).
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IF\)ISiarl]rt Image is formed
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Fig. 3.2 (b): Use of convex lens to correct farsigddness.

3.3.2 Nearsightedness (or myopia)

When a person cannot see clearly or focus to tirgarebjects at the far
point but can focus on the nearby objects, thermp#rson is said to be
suffering from nearsightedness (or myopia). Usutllly problem arises
with the people who do a lot of reading. Fig. 3a83 §hows that for
nearsighted person, rays from a distance objedisfapeised before
getting to the retina.

Correction

The type of defect can be corrected by using a amndens placed
before the eye (see Fig. 3.3 (b). It can be sedfg. 3.3 (b) that the
concave lens diverge the rays from distant objefbre getting to the
cornea and thereby enabling the natural lens oéeeto focus the rays
on the retina.
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Image formed

Rays coming !
from far point before the retina
el
(a)
Fig. 3.3 (a): Nearsightedness
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lens correct image
Parallel rays L

N\

_{b)

= i S

Fig. 3.3 (b): Use of a concave lens to correct nesgghtedness.

Example 3.3

A man cannot see clearly objects beyond 100 cm fiom eye.
Calculate the power of the lens he needs to séentlisbject clearly.

Solution

Since the man cannot see beyond 100 cm, it imgdied he is
shortsighted and would need a diverging lens forecdion.

For him to see the object at infinity, the lens tnassure his object
distance to be infinity and image distance at 190 lszecause the object
to man appear to be at 100 cm away.

O
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v =-100 cm (negative sign because lens is ag)ca
f=2

Using the lens formula, we can insert the values
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1 1 1 1 1
—_— et — = —— 4 —
f v u 100 o
1__1 4

f 100
f=-100cm

Therefore, power

= 100 dioptres
—-10C

= - 1.0 dioptres
=-1.0D
4.0 CONCLUSION

The eye is similar to the camera in many wayshak a lens, a shutter
(iris) and a film (retina). Its mode of image fortioa is very similar to
that of a camera in all respect. The image fororethe retina is always
inverted just like the image formed by a cameraaciim. The only
difference is that the human brain interprets thage and also the lens
of the eye is usually adjustable to enable it foaudar or near objects.
The ability of the lens to adjust it so if for tipeirpose is known as
accommodation.

The power of a lens is usually expressed as thersevof the focal
length. Its unit is diopter. The diopter is regneted by D.

The two defects of eye are farsightedness (or Iloygi@r and
nearsightedness (or myopia). In farsightednegspd#son is able to see
distinctively far away objects but not nearly oligedn this case, light
from near objects are focused behind the retinaaacwhvex lens is used
to correct these defect.

In the case of nearsightedness, the eye is alsleetdistinctively objects
that are near but not those far off. In this caggs from distant object
are focused by the lens before the retina. A comdams is used to
correct this defect.
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5.0

6.0

1.(a)
(b)

7.0

SUMMARY

The eye is similar in form and in operation to taenera.

The image formed by the eye is inverted just Ike dne formed
on the camera film but it's interpreted as beingrect by the
brain.

Also the shape and consequently the focal lengtth@fnormal
eye are variable and can therefore focus on nedaroobject
when required. The ability of the eye to do thes&known as
accommodation.

One of the major defects of the eye is farsightesnéhis defect
occurs when light from far objects are focused helihe retina.
The defect is corrected by introduction of a conlens before
the eye.

Another major defect of the eye is nearsightednédss defect
occurs when light from distant object are focusedote the
retina. The defect is corrected by the introducidd a concave
lens before the eye.

TUTOR-MARKED ASSIGNMENT

Calculate the focal length of a lens of po®:@ D.
Explain, how a normal eye produces a sharp @dag

What are the two defects of vision? How they barcorrected?
Explain with diagram.
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1.0 INTRODUCTION

In earlier units, we have studied about reflecaonl refractions and see
how the rays are reflected and refracted. Thenleamt about lenses
and studied that these lenses can be used to geneerdiverges the
rays from distant objects. These lenses focug gk produce a sharp
image. In the last unit, we discussed that howdsrese used to correct
the defects of vision. Now the question arises1 we make use of
these lenses further? Yes, we can, in the formiofascope, telescope,
which you may have come-across in your earlier gchahysics
curriculum. In this unit, we will study about therfher use of lenses in
optical instruments like microscope and telescofmu will also learn
that how the combination of lenses form these apirstruments.

The microscope or a magnifier is used to see viany dbjects or to

magnify the size of the objects which cannot bendag naked eyes
whereas telescope is used to view the distant bbjezh as planets or
other Astronomical objects.

The invention of these instruments (i.e. microscapd telescope etc.)

has made a great impact on our life. So, now wesiidy in detail
about these two optical instruments and also lank they operate.
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Eye lens
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Fig. 4.1: Size of the image on retina, g and angBsubtended on eye.
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2.0 OBJECTIVES

After studying this unit you will be able to:

. define visual angle and angle of magnification

. distinguish between microscope and the telescope

. explain how the microscope function

. explain how the astronomical telescope functionsnormal
adjustment

. explain how the astronomical telescope functionsmits image

is formed at near point.
3.0 MAIN CONTENT
3.1 The Microscope

Before discussing the details of simple microscdirst we briefly
discuss about visual angle subtended by an objettieaeye. This is
because in the optical instruments like telescares microscopes, we
are concerned with the visual angle.

An object NM is placed at some distance from the &y shown in Fig.
4.1. This object is subtended an artgjkg the eye.

The length of the image g formed by the eye is priognal to angled
subtended at the eye by the object. This anglalisctthe visual angle.

Using the relation

Angle = _Arc
Radius

q=pP

(0q is directly proportional t6 (as p is constant)
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This shows that the visual angle is directly projpoed to apparent size
of the object.

Optical Instruments such as telescopes and migpescare designed to
increase the visual angle. The resultant effethisfis that the image of
the object formed on the retina becomes much bigggn it is when
these instruments are not used to view them neage formed on the
retina when these instruments are used become magimified than
when they are not used.

Now in our next subsections you will learn about@e microscope and
compound microscope. First, we will discuss abohé tsimple
microscope in normal use and then simple microscefie image
infinity.

3.1.1 Simple Microscope (in normal use)

N N %
0 = visual angle

Fig. 4.2: Object move from N to N

Fig. 4.2 shows that two objects (of different sidN and MN are
subtending the same visual anflat the eye, therefore appears to be of
equal size. But in actual, the objects are ofedédht sizes and object
MN is bigger in size.
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H

é—_D%§ r b %é

Fig. 4.3: (a) The visual anglex  Fig. 4.3 (b):a ' is the visual angle
without microscope subtendeafter using the
microscope

A simple microscope in normal use means that thegams formed at
the near point as shown in Fig. 4.3 above. Hei® the length of the
object viewed at near point (it means at D). Tisuai angles subtended
area (in radian) andy’ (in radian). Thex' is the increased angle when
the simple microscope is used to view the objecmin Fig 4.3 (b).

As you can see, magnified image is obtained whglerect and the
distance of image is equal to D.

The angular magnification is maximum when the imegat the near

point of the eye.
The angular magnification in terms of visual angle

Now, the values oi andx’ can be obtained from Fig. 4.3 (a) and (b).
o« =Hlpb and a="p

Therefore Eq. 4.1 becomes

Here u is the object distance and v is the imag&xice.

Since you know that

+

clr
< |k

E
f
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On multiplying the above Eq. by v and on rearragghre terms, we get

X: 1—1

u f

Or

X:—B—l

u f

X:—(E+l}

u f

L e (4.3)
h wu f

Substituting Eqg. (4.3) in EqQ. (4.2), we get theresgion

oo

Numerically, magnification can be written as
M:($+g .......... (4.4)

Eq. (4.4) gives the angular magnification of a mwsoope in normal use
and the negative sign is an indication that thalfimage is virtual.
Further, it can be seen that for higher angularmi@gtion, a lens of
short focal length is needed. You know that the leg® the tendency to
focus on an image formed anywhere between thepaat and infinity
by a simple microscope. So, now you will study &eotcase, when the
image is formed at infinity.

3.1.2 Simple Microscope (with Image at Infinity)

You know that the eye has the tendency to focusroimage formed
anywhere between the near point and infinity byngke microscope.
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e
Fig. 4.4 (a)

A simple microscope is an instrument which is usedee very small
objects. As discussed in the earlier sub-sectsmction 3.1.1) that,
when it is in normal use, the image is formed afléast distance of
distinct vision)

infinity ~=~~____

< f ! é
(b)
Fig. 4.4: (a) Visual angle when the object is pladeat the distance D,
(b) Visual angle formed when the object is placedaar the

focal point.

A simple microscope with the image formed at irtfinineans that the
eye must be accommodated to bring the image taityfas shown in
Fig. 4.4 above.

Where f is the focal length of a lens. The magaiimn M can be
defined as

Eqg. (4.5) gives an angular magnification with a noscope having a
single lens. Magnification can be further increhbg using one or two
additional lenses. So, now we will discuss abdw tompound
microscope.

84



PHY 124 GEOMETRIC AND WAVE OPTICS

3.1.3 Compound Microscope

A simple microscope in normal adjustment has itsgmifecation
numerically as

M=L41

f

A decrease in f implies an increase in angular mi@gtion. But in
practice, it is difficult to obtain a very smallTherefore two lenses can
be used to increase angular magnification. This lems microscope is
known as the compound microscope as shown in Hgodlow.

Objective lens

bU < v | Eyepiece lens

hy —
\Z ....... ===:=:E ____
()
o ¢
D
(b)
Fig. 4.4 (a) Compound microscope (b) compound micsoope in
normal use

A compound Microscope in normal use means thatfitted image is
formed at the near point. The details of the imégenation are
discussed below.

The compound microscope essentially consists ofdarvex lenses of
focal length f and § in which one of the lenses (of focal lengthi$ the

objective lens and the second lens (of focal lerigtis the eye piece.
The objective lens is placed near the object beiegved while the

eyepiece is the lens near the eye as shown iMH¢g). § is the focus
of the objective lens and the is the focus of the eyepiece, i3 the

height of the image formed by the objective andlfinwe get image h

by an eyepiece.
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The lenses are arranged such that their sepatatiess than,f+ f,. As
such the image of the object formed by the objed&ws is located from
the second lens at a distance less than the #giH of the second lens.
Thus the image of the first image formed by theosdclens must be
virtual and magnified. Consequently the final immdgrmed is several
times larger than the object to the observer.

Now, the formula of angular magnification for conupd microscope is
given by

D oqll v
DM—[f—z 1j[f1 1} ..... (4.6)

Therefore, from Eq. (4.6), it can be noted that isMarge for small {f
and %. It means that if the focal lengths of the objeetiens and
eyepiece lens are both small, angular magnificatidirbe high.

After discussing about microscope, now you will rteaabout the
telescopes in the next subsection. Telescopetharmstruments used
to see distant objects or heavenly bodies likesstdanets etc.

3.1.4 Telescope

The angular magnification of a Telescope is defiagdthe ratio:

Wherea is the visual angle subtended by the distancecohjehe
unaided eye and is the angle subtended at the eye by its finabema
when telescope is used.

There are different types of telescope one of wiscthe astronomical
telescope. Now, we will discuss in the succeedirgtion first the
Astronomical Telescope in normal Adjustment.

3.1.5 The Astronomical Telescope in Normal Adjustment
Astronomical telescope like compound microscopensist of two
lenses: objective and eyepiece. The objectivef imrge focal length

and eyepiece is of short focal length closer toitha&ge. { is the focal
length of the objective while fs the focal length of eyepiece.
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objective Eyepiece

Image at.--~ .-~
infinity

Fig. 4.5: An Astronomical Telescope in normal adjugnent.

The parallel rays are collected by the objectives|® and an image h is
formed. Final image is formed at infinity].

In normal adjustment the two focj &nd % coincides and it therefore
implies that the distance between the two lensgsHs,

If o is the angle subtended by the unaided eye dnid the angle

subtended by the aided eye. Then, sincanda’ are small the angular
magnification of the telescope is

M=
f2
So from Eq. 4.8, the angular magnification is taorof focal length of
objective to the focal length of eyepiece. For hagigular magnification
the eyepiece should have a small focal length dpecbve should have
high focal length.

Example 4.1
An astronomical telescope consists an objectiviocdl length 100 cm
and an eyepiece of focal length 4 cm. Calculate #regular

magnification of the telescope and also deternteedistance between
the two lenses.
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Solution

Given
f;=100cm, JS=4cm
The angular magnification of the telescop@isfer Eq. 4.8)

veh
f,

100

4

= 25cm

The distance between the two lenses+=f}
=100+ 4 =104 cm

4.0 CONCLUSION

. The visual angle of an object dictates the sizéhefimage on the
retina. To increase the image size of an objaesretiore required
increasing the visual angle of the object. Thisssally done by
means of optical instruments such as the micros@e the
telescope.

. Angular magnification is defined a8 = %
wherea is the angle subtended by the unaided eyecand the
angle subtended by the aided eye.

. The Compound microscope consists of an object &b an
eyepiece of focal length find § respectively. These lenses are
separated at a distance slightly less thart ff,, The image
formed by the objective lens serves as the objéatisthe
eyepiece. As the object distance for the eyep®dess thanf
the image formed by the eye piece is virtual andrged and this
is the image of the object seen by the eye. Comsdlyy the
image is magnified.

. Also the telescope essentially consists of two eanlkenses of
focal length f and §. At normal adjustment the distance between
two lenses is;f+ f, and the image formed is at infinity. Thus the
astronomical telescope is useful for viewing olgeat infinity
such as the moon and stars.
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5.0 SUMMARY

. The magnitude of the image of an object formedhanretina is
determined by its visual angle.

. Angular magnification is achieved by using optigadtruments
such as the microscope and telescope.

. The microscope has an objective lens and an eye,pibe two

lenses are arranged in such a way that their siaia slightly
less than f+ f,.

. In the microscope the image formed by the objeckeres falls
between the second lens and its near principalstoolis such,
the final image formed by the eyepiece is virtuadl @nlarged.
Consequently, the final image seen by the eye ishmmore
magnified than the object.

. The telescope also consists of an objective ledseyepiece of
focal lengths f and § respectively. At normal adjustment, the
separation of the two lenses equalst+ff, and the final image
formed is at infinity. Hence such telescope isdyémr viewing
very distant (astronomical) objects at infinity.

6.0 TUTOR-MARKED ASSIGNMENT

Calculate the angular magnification of a magnifyiglass of focal
length 7 cm. Also, determine the object distance.
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1.0 INTRODUCTION

In the last unit, we discussed the different opticestruments like
compound microscope and telescope. Both theseabptistruments
consist of two lenses, objective and an eyepieéedifterent focal
length. The astronomical telescope is used prlyntot viewing objects
at very large distances or astronomical bodies dilees and the moon.
On the other hand, the compound microscope is wsetagnify the size
of the object. So, in these optical instrumentgedive lens collects
light rays from the object which is bounded by therimeter of the
objective lens. Therefore the lens acts as a tstdpe light rays from
the object.

As the eyepiece is a lens, the objective lens sdsees as an object to it.
The image of the objective lens formed by the esepis called the eye-
ring. When the observer places the eye at theiagesf the instrument
(i.e. compound microscope or telescope) he recemasimum light
from the objective and consequently from the obpethg viewed.

In this unit, you will learn the principle and thigdoehind the formation
of eye-ring. Also in this unit you will study abiotwo other types of
telescopes. One of them is another type of astnaa telescope
known as the reflector telescope and second omeinsarily used to
view distant objects on earth and this type ofsiedpe is known as the
terrestrial telescope.
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2.0 OBJECTIVES

After studying this unit you should be able to:

. define and explain the eye-ring

. distinguish between astronomical and terrestriaktmpe
. distinguish between reflector and the terrestabddcope
. explain the operation of the terrestrial telescope

. explain the operation of the reflector telescope.

3.0 MAIN CONTENT

3.1 The Eye Ring

A Object lens
Eye lens

Eye-ring

a

B r
——> f1+f, <——

Fig. 5.1: Formation of an eye-ring

In the Fig. 5.1 as shown above, the rays are reflacom the boundary

of objective lens to make the image @irf normal adjustment. These
rays again refracted from the boundary of eye-ran eye-ring ab is
formed. The eye-ring ab is the image of the odgts AB formed at the

eyepiece. It is the best position of the eye wheimg the telescope
because maximum amount of light enters the obpts From outside

thereby creating a wide field of view. At a distarcloser to the eye-
lens than the eye-ring, no further improvementi@wis obtained.

Using the lens equation for the above figure, care @btained the value
of distance v from the eye-ring as

1
+
(f, + 15)

1 _
\% f,

On rearranging the terms of the equation, we get
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[J Objective diameter: eye-ring diameter = Heighbbject
Height of image

=Distance of object
Distance of Image

Or

AB

ab

(tf) 6
Zer)

1

_u_
v

But as you know, that the angular magnificationhaf telescope is given
by the relation as

M =1
f2

This implies that for the angular magnificationlde large, f must be
much greater than f

So, the angular magnification for a telescope imma adjustment can
also be expressed as

M = diameter of objective
diameter of eye-ring  ......... 8p.

3.2 Astronomical Telescope with Image Formed at Near
Point

When the telescope is not in normal adjustment é¢ye needs
accommodation to focus the image to a numericahnce D (the least
distance of distinct vision). This is shown in fig2 below.

Objective
| fi > u < Eyelens

Rays from
infinity

Fig. 5.2: Telescope with image formed at near point
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In the Fig. 5.2, the image formed by the objecteses fall between the
focus of the eye lens and the eye lens so thaftitaeimage is virtual.
The angular magnification is given by

al

a
Or in another form, it can be written as

w=luot

Mo

But as you know that the value of u can be obtairs2dg the Eq.

e (5.4)

1,1_1

u v f

Then

1 1 1

_t = —

u -D f,

u=_B (5.5)
f,+D

Substituting the value of u from Eq. (5.5) in Eq4{5 we get the
expression for magnification as

y <t (f:+D)
f, D

But as you know

% = M (angular magnification)
2

This implies that angular magnification can alsoMiten as

M = Diameter of objective
Diameter of eye-ring
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After studying about astronomical telescope witlag® formed at near
point, we will now discuss another telescope knasgnthe terrestrial
telescope.

3.3 The Terrestrial Telescope
Object

lens
Eyelens

~

Erecting lens  "~.

f1 <« f—>

Fig. 5.3: A terrestrial telescope

Unlike the astronomical telescope used to viewadisbbjects or objects
at infinity, such as the stars and moon, the tetakselescope is used to
view distant objects on land. This means that itmportant for the final

image to be erect. It therefore consists of arcterg lens placed

between the object lens and the eye-lens as showigi 5.3 above.

The erecting lens is placed such that the centeunfature of its faces
coincides with the focus of the object lens. Tisisdone so that the
angular magnification of the instrument is retaireetl also the final

image remains erect (recall that when an objeglased at the center of
curvature, the image formed is of the same sizbasbject).

Despite the importance of the erecting lens, gadivantages are:

)] The erecting lens reduces intensity of light thitotite eye-piece.

i) The instrument is now longer by 4f, where f is tbeal length of
the erecting lens.

Now, we will study another telescope, known asr#fiector telescope.

It was first suggested by Newton. This telescopesists of a large
curved mirror as its objective lens. Let us discaisout it briefly.
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The Reflector Telescope

Light
rays

Plane

mirror, Eyepiece
\
\\&ﬁp%K %;
h o

| Objective

Fig. 5.4: Newton Reflector Telescope

Fig. 5.4 refers to a reflector telescope. An asimical telescope with
lens as its objective is called a refractor telpscavhile a reflector
telescope has a large curved mirror as its obje&s/shown in Fig. 5.4
above. It consists of a parabolic mirror of lajee as its objective.
Because of its large size, the mirror collectsdaagnount of light from
distant planets and brought to focus to be photdwd. The advantages
of using this kind of telescope are:

)

It has a large angular magnification. Recall theregsion
M = L
f,

Where, { is the focal length of the objective.

As it is difficult to manufacture a lens with vetgrge focal
length, there is a limitation to the magnificatiorthis can be
achieved with a mirror; it is preferable to useeaywlarge mirror
as the objective.

The telescope is free from chromatic aberrationseduby an
objective lens.

There will be no loss of light due to absorptiord aeflection of
light as on the surface of a lens.

The large diameter of the objective increasesdlelving power
of the telescope.

The resolving power of a telescope (the two distdjects just
seem separated) is given by

D

1
1220 4

Here,0 is the smallest angle which is subtended at tlesdepe
by two distant objects which can just be seen stépdr The
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other symbols used here are: D is the diametehefobjective
lens and\ is the mean wavelength of light from the object.

From Eq. (5.8), it can be observed tBas inversely proportional
to resolving power of a telescope. If the valueBas smaller,
then the resolving power is greater. The valued afoes not
depend upon the focal length of the objective mly depends on
its diameter.

4.0 CONCLUSION

The eye-ring is the image of the objective lensrked at the eyepiece.
That represents the position at which the obseryes should be placed
in order to obtain the maximum light from the olbjee lens. Under this
condition, the angular magnification obtained fribra image formed is

M = Diameter of objective
Diameter of eye-ring

The other type of telescope studied in this unitthg terrestrial
telescope. This type of telescope is used maiolyviewing distant
object on the earth surface. The astronomicalstelee has an
additional convex lens whose sole purpose is toerthk final image
appear erect. The refractor telescope is anoips of astronomical
telescope. It has a very large concave mirrotsashjective rather than
a lens. The advantages of this type of telescoge a

)] It has a large angular magnification;

i) It is free from chromatic aberration;

1)) It is not associated with loss of light due to apson and
reflection of light on the surface of lens; and

V) It has better resolving power.

5.0 SUMMARY

. The eye-ring is the image of the objective lenthateyepiece.
. The angular magnification associated with eye-i#ng
Diameter of objective
M="" Diameter of eye-ring
. The terrestrial telescope is a telescope used ynénlviewing
distant objects on the earth surface.
. Te terrestrial telescope has an additional lenschvimakes the

final image erect
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6.0

3.(a)
(b)

7.0

The introduction of this additional lens in theréstrial telescope
causes a reduction in intensity of light availalte the eye
thereby making the image dull.

The reflector telescope is another type of astracaintelescope,
however unlike the normal telescope its objectigeai large
concave mirror.

The advantages of the reflector telescope over rtbemal
astronomical telescope are its large angle of nfi@gtion, its
better resolving power and its freedom from chromat
aberration.

A large mirror as objective in reflector telescapéuces loss of
light by lens telescope

TUTOR-MARKED ASSIGNMENT

Determine the resolving power of a telescope, af abjective of
a telescope has a diameter of 300mm. The mean evagtél of
the light from stars is 6 x 10m.

Explain the term eye-ring of a telescope. Show wathray
diagram, how the eye ring is formed in an astromafielescope.

What is meant by angular magnification obatical instrument?
Calculate the angular magnification of a sknplstronomical
telescope in normal adjustment which has an obgedaif focal
length 120 cm and an eyepiece of 6 cm.
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MODULE 3 INTERFERENCE AND POLARIZATION
OF LIGHT
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Unit 5 Laws and Application of Polarization

UNIT 1 INTERFERENCE
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1.0 INTRODUCTION

You know that light travels as a stream of paric@d also in the form
of waves. Light is wave motion. However light i3 alectromagnetic
wave, which vibrates at right angle to its direstmf propagation while
sound energy is a mechanical wave, which vibratesthe same
direction as the direction of propagation. In otwerds, light wave is a
transverse wave of electromagnetic origin and saana longitudinal

wave of mechanical origin. But here, we will stuaywery important

characteristic of wave motion that is the phenonwnaterference.

When two beams of light superposed, there intenatjes from point
to point between maxima and minima in the regiors@berposition.
This phenomenon is called interference. It meansedfin point, the
intensity exceeds the sum of intensities in thent'eand on the other
point, the intensity weaken or may be zero. Hemeepbtain bright and
dark fringes on a screen.
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In this unit, we discuss the coherent sources dnad use of path
difference for constructive and destructive interfee. The
interference pattern produced by waves originatiram two point

sources is also discussed here. You will also lahout the interference
produced in Young's two-slit experiment.

In the next unit, you will study how interferen@keés place in thin films
and Air wedge.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. explain the wave nature of light

. explain what coherent sources are

. define the interference and its types

. define optical path

. explain the conditions for interference

. describe Young's double slit experiment

. express the fringe width in terms of wavelengthigift
. solve problems involving Young’'s experiment.

3.0 MAIN CONTENT

3.1 Wave Nature of Light

Even though in units 1 — 10, we have considerdt iig a form of rays.
It has been found that in reality light is a forrhwave traveling in
straight lines represented by the rays. These svave different from
sound waves because sound waves are longitudinéd Wght waves
vibrate perpendicularly to the direction of propéga Also sound wave
Is @ mechanical wave, whereas light is an electgmm@c wave.

The human eye can see light of wavelength which tietween 450 x
10°m and 750 x 18m. This range of wavelength is known as the
visible range of electromagnetic spectrum. Some electromagnetic
waves have shorter wavelength that visible lighkilev others have
longer wavelength then visible light. These inVisilelectromagnetic
waves differ from visible light only in terms of walength and in the
ways by which they are produced.

Before studying interference in detalil, it is nesgey to familiarize with

the terms like coherent sources used in interferggienomena. Now
we shall first discuss coherent sources.
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3.2 Coherent Source

Let there are two interfering waves (light wavd$)these interfering
waves are produced randomly, it means that theypar®f phase with
each other (or there is a continual change of ph#sen such sources of
interfering waves are known agoherent source

Coherent sourcesare the sources which must emit light waves of

0] same frequency or wavelength and

(i)  a constant phase difference or which are alwayghisse with
each other (and they must be traveling in the samm®early the
same direction).

So, now in the next section we discuss in detdits phenomena of
interference produced by two coherent sources.

3.3 Interference

Consider two waves originated from two coherentsesiof light A and
B, of the same frequency (or wavelength) traveth@ same direction
and having a constant phase difference with thegugsof time. The
resultant intensity of light do not distributed fommly in space.
Therefore, non-uniform distribution of the light temsity due to
combined effect (superposition) of two waves idethinterference.
Usually, it is found that at some points the intgnsf light is maximum
and on the other points, the intensity of lightmsmimum. Refer to Fig.
1.1.

Fig. 1.1. Point of constructive interference (T) ad destructive
interference (M).

Now, let us discuss the different types of intezfere patterns.

The interference is of two types: (a) constructimerference (b)
destructive interference.
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(@) Constructive Interference

Constructive interference occurs when the effecttvad interfering
waves is additive at the point of interest. Atsieoints, intensity
becomes maximum. The resultant vibration at thatpe obtained by
adding them (their amplitudes). A bright ‘band’ lafht is obtained at
these points. That is, they add up to give somgthilgger than
contribution from either source of the two sources.

Suppose we consider two coherent source A and Batleaexactly in

phase as shown in Fig. 1.2, the interference efifeah equidistant point
T is constructive, and obtained by adding the dispinent of the
individual wave at the point.

Displacement

N

T

(a) Wave from source A

‘ Time—

Displacement

1N W VAN I VN

(b) Wave from source B

Displacement

' V/\VAVAV .

Resultant Wave

Fig. 1.2: Constructive Interference: (a) wave fromsource A (b) wave
from source B (c) Resultant of two waves.

In general constructive interference would occuth# path difference,
d, at any point P is multiples of zero or whole memwavelength that is

d=m

Wheren=0,1, 2, ......... SOON. e (1.1
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On the other hand destructive interference occimsnvithe net effect at
the point of interest, is the effect of one soumdaus the effect of the
other source. Now you will learn about destructiverference in detail.

(b)  Destructive Interference

The destructive interference occurs at some pohdresthe intensity is
minimum. This is the situation in which the intednce effects is
smaller than that produced by the individual wavRgfer to fig. 1.3. At
these points, a dark band of light is obtained.

The path difference d for constructive interferecea be given by the
expression

d=QM — PM :[n + %j/] i (12)

wheren=0,1,2,3, ......... SO on.

displacement

N PN wae

' m from A
NZ N NV N

displacement

~/\~ ~/\| I/\| V\I Wave from B
\ M I\/] I\/\ \ time—

T Resultant
‘ ¢ . . . . . . (zero

Fig.1.3: Graphical representation of Destructive iterference
3.4 Optical Path

Consider a medium of refractive indgxand its thickness is t. A light
ray is traveling from a point O (in air) to anothparint A (in air) through

a medium which is introduced in between this raytl® light ray partly

travels in air and partly in a medium introducedsn as illustrated in
Fig. 1.4. In interference phenomena, the optiehg of the coherent
light rays are found. The product of the refraetindexu and the path
length t is calleptical path in the medium.
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Medium with
refractive indexp

<—t—
l Fig. 1.4: Optical path

Optical path Fut

When a glass slab is introduced between a ray fioto A, then the
expression for optical path is given by

Optical path = (d-t) ut
=d+@unt . (1.3)

This shows that the effect of introducing a matedh thickness t,
refractive indexu is increased the optical path by { 1) t. In other
words, the air path OA is increased by an amount 1)t due to the
introduction of the plate of material of refractivelexu and thickness t.

Young had first demonstrated the interferencegittliIn the following
section, we will discuss the interference produicethe Young two-slit
experiment.

3.5 The Young’s Double slit experiment

Screen
Source of = P
monochromatir . v
light | —
S —1 O J Bright band
’ — of fringes

11

Fig. 1.5: Young’s double slit experiment
Two slit A and B are illuminated by the same momoamatic source of

light S. This ensures that the wave leaving A arat@&coherent. It was
Thomas Young who first observed that if a transplasereen is placed
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parallel to AB, band of bright and dark imagesn@es) would be
formed in the region where the beams overlap.

At O, along the perpendicular bisector of AB, theves due to A and B
are in phase. Hence, a bright band or fringe iséal. This is because
the two light wave coming from A and B would havaveled the same
distance at the point O. Bright and dark bandssalesequently formed
on either side of O. The bright bands occur wltkrenA where n = 0,
1, 2, 3, .... i.e. constructive interference takexel

On the other hand the dark bands are formed where(ch + %j

These conditions of dark and bright fringes havenbéiscussed earlier
also.

These alternate bright and dark bands are knovimterserence fringes.
At point O, the path difference is zero.

3.6 Fringe Separations

In this section you will see that the thickness &fvieen two adjacent
bright or dark fringes and a is the distance bebntbe slits A and B. D
is the distance of the slit from the screen andwawelength of the
monochromatic light ia. Refer to Fig. 1.6.

N tanGzE:Xn
X, B D
¢ v smG—E—ﬁ
0 O H a
alN
M
Aﬁ

D

Fig. 1.6: The geometry of Young’s experiment.

In Fig.1.6, P is the position of the nth brightnfye, then the path
difference at that point P is given by
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BP — AP =BM = 1.

Consider aA NPO, then

X
tan=--> .. 1.4
- (1.4)
Similarly inA AMB,
sind = % ............ (1.5)

In practice, D is large andXs very small, thu® is small,
Hence tarb =~ sin@

0 XM
a

D

The position of the nth bright fringe from origini©given by
the relation

The distance of the next bright fringe from O igegi by X+ 1

Xpp= ()22 (1.7)
a

[i.e. replaced n with n+1]

Hence the spacing Y between th& and (n+1} fringes can be
determined by subtracting Eq. 1.6 from Eq. 1.7

Y = Xn+1_ ><n
Hence on substituting the values
Y = (n+1) 22 - ™D

a a

_ b 4D _niD

a a a

Therefore the expression for the fringe width is

ovy=2 (1.8)
a
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Therefore it can be found from Eq (1.8) that thiege width varies
directly proportional to D and\ and inversely proportional to the
distance between the slits a. Hence using the ssijorein Eqg. 1.8, one
can measure the wavelength of light easily.

Example 1.1

Young’'s experiment is performed with sodium liglitweavelength of

589nm. Fringes are measured carefully on a sct66rcm away from

the double slit and the center of thé"#éinge is found to be 11.78nm
from the axis. Determine the separation of the $lto

Solution

| o
% | D
S
Data Given:
n=20, D=1m, and\ =589 X 10m
O The distance of the ?‘O‘ringe Xo0=11.78 x 10m

Using the Eq. 1.8

nAD
Xn:—

a

On substituting the values and rearranging thedewe get

nAD _ 20x589x10-9x1.0

Or a= ~
X 1178 x 10
Oa=1.0 nm
Example 1.2

Using red light, state the effect of the followiqyocedure on the
appearance of the fringes.

(@) The separating of the slit is decreased.

(b)  The source slit is moved closed to the two slits.
(c) The screen is moved closer to the slit.

(d) Blue light is used in place of red light.
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(e) One of the slit is covered up.

() The source slit is made wider.

Solution

(@) SinceY :A?D
Then the separation of the fringes would incredsea islit
separation is decreased

(b)  The fringes would appear brighter but their sepama¥ would
not change

(c) SinceY :A?D
If the screen’s distance D is reduce, the separatidhe fringes
Y would also decrease.

(d) Replacing the light source with blue light insteafl red is
equivalent to changing the wavelength of light uséte wave
length of red light is longer than that of bluehligTherefore the
separation of the fringe would decrease because.

Y = A_D
a
as )\blue < )\red

(e) When one of the two slit is covered up, the fringesuld
disappear because there would be no interference.

() If the source slit is made wider, the fringes woolgerlap and

become blurred because the edge of each openinlgl Wehave
as a source on its own, as shown in Fig. 1.7.
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New
source

N

Fig. 1.7

4.0 CONCLUSION

Light is an electromagnetic wave. It represents ‘fsble range of
electromagnetic spectrum. The wave is transvermsendture and
therefore, vibrates in a direction perpendicularthe direction of
propagation. The range of wavelength associateld light energy is
visible spectrum of electromagnetic wave.

Coherent sources are the sources of light which kghit waves of (i)
same frequency or wavelength (ii) having a conspdrstse difference
between them.

An interference phenomenon occurs due to overlgppmves from
coherent sources. Young’s double slit interferepiduces bright and
dark fringes when the two slits are close and wlmherent
monochromatic light passes through them.

For constructive interference, the path differerttdgetween the light
waves from the two sources must add up construgtivEhis happens
when the path difference, d Amvhere n =0, 1, 2, .......... whera is
the wavelength of the light.

For dark fringes to form, the light rays from theotsurfaces must add
up destructively at a point. This happens when ghth difference d
between the two light rays is equal to

d:(n +%j Awheren=0,1,2,3, .........

The optical path in the medium of refractiprand thickness t is given
aspt.
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The separation between any two adjacent bright avk dringes Y
depends on the distance a between the slits A afdth® mathematical
expression is given by the relation

Y:A_D
a

5.0 SUMMARY

. Light lies in visible range of the electromagnespectrum.
Therefore light is an electromagnetic wave.

. Light from two coherent sources can interfere eithe
constructively or destructively.

. Young's double slit experiment demonstrates thestrantive
and destructive interference when light from cohes®ources is
obtained.

. The bright fringe represent constructive interfeeemwhich takes
place only when the path difference between liglyt from the
two sources is equal toaAwheren=0, 1, 2, ...... SO on.

. The dark fringe represent destructive interferemtech takes

place when the path difference d is equal to
d :(n + %) Awheren=0,1,2, ...... So on.

. The separation between any two adjacent dark ghbfiinges is

given by the relation Y :’12
a

6.0 TUTOR-MARKED ASSIGNMENT

1. Interference fringes were produced by a Yousttanethod, the
wavelength of the light being 6 x 16 when a film of material
3.6 x 10° cm thick was placed over one of the slit, the feing
pattern was displaced by the distance equal toirB@st that
between two adjacent fringes. Calculate the réfraandex of
the material. To which side is the fringes disptac

2. In a two-slit interference pattern with= 5600 A&, the zero order
and tenth order maxima fall at 12.42mm and 14.64 mm
respectively. Determine the fringe width.

3. In a Young's slits experiment, the separatiotwben the first
and the sixth bright fringe is 3.0 mm when the wength used is
6.2 x 10'm. The distance between the slits and the screen is
0.9m. Determine the separation of the two slits.
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1.0 INTRODUCTION

In the last unit, you studied the phenomenon oérietence of light
waves but there the two interfering light waves@educed bylivision
of wave-front. As an example, in Young’s double slit experiméay
inference pattern is produced from two coherertitlgpurces produced
by the division of wave-front by the two slits AdaB. but now you may
ask: Is there any other method to produce intemfsrgattern?

You may have observed another set of interfereatien in thin films
and Air wedge. In these patterns, two light beaersvdd from a single
incident beam bydivision of amplitude of the incident wave. These
interference patterns are produced due to optathl gifferences in thin
films and Air wedge. The amplitude of the wave (m&a of energy) is
divided into parts.

In this unit, you will study about interference feahs produced in thin
film and Air wedge. You would also see that liglgflected by a

material of higher refractive index than the mediumwhich the rays
are traveling undergoes 18thase change.

2.0 OBJECTIVES

After studying this unit, you will be able to:

. explain what a thin film is

. describe the origin of the interference patterrdpo®d by a thin
film

. show that reflection of light at the surface of ically denser

medium is accompanied by a phase change df 180
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. explain what an air wedge is
. explain how the air wedge forms interference pagter
. solve problems associated with interference intlire films and

the air wedge.
3.0 MAIN CONTENT
3.1 Interference in Thin Wedge Films
Here, we will consider the interference patterndpiced by a film of
varying thickness i.e. a film which is not planeragkel which is
produced by a wedge. Refer to Fig. 2.1. It consistwo non-parallel

surfaces inclined at an andle

Suppose a ray of light from a monochromatic soBcstrikes a half
silvered mirror and reflected onto an air wedge.

Microscope or Eye

Monochromatic
Sourct
Rl R2
S % Half -silvered
Mirror
/éér/\Nedge
é—

Microscopic Foil or Paper
Slope p Q
Fig. 2.1 (a): Air wedge Fig. 2.2 Magnified gion

of reflection

Light from a monochromatic source is partly refégtfrom the mirror
onto an air wedge. The air wedge is formed byinmay two
microscope slides at very small an@leas shown in Fig. 2.1 above. If
the region of reflection at the slides is magnifigte result is shown in
Fig. 2.2. It can be seen from the Fig. 2.2 thahemf the light is
reflected from the lower surface of the top slicel some from the top
side of the lower slide. Both wave traing Bnd R then combine
together and gives rise to interference patternsnwhewed from above
the half silvered mirror by an eye or microscope.
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The two coherent sources are producéliision of amplitude. This is
different from the Young’'s experiment in which tlemurces are
produced by division of wave-front.

3.2 Phase Change in Reflection

There is a very significant fact concerning thdewfon of waves from
the surface of higher refractive indgx The phase change of (or
180°) occurs when the light strikes the boundary frdwa side of rarer
medium.

Hence, one can say that the light reflected by &emah of higher
refractive index than the medium in which the raa® traveling
undergoes a phase change tof(or 180). This phase change is

equivalent to a path change—;of For example, consider two standing

waves as shown in Fig. 2 3 below:
%/\/A\/\E
it

Fig. 2.3: Two standing waves having a phase diffemee of Tt

It can be seen that the phase difference and pif¢ihethce between the

waves A and B are respectivaty(180°) and%.

3.3 The Air Wedge

Refer to Fig.2.4. Her® is the angle of the wedge. S is the distance
between bright bands. B and&e two consecutive bright bands.

As 0 is small, in triangleA ACA',

O tane:/]—/2

Or =2 . (2.1)

Also, the vale of ta® can be found as
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tanB = t
a

As the value o8 is very small. Therefore
or 6= t
a
On compairing Eqg. (2.1) and Eq. (2.2), we get

nA-tog 2.3)
2S a

HereB is measured in radians.

Fig. 2.4

Suppose that the fbright fringe is seen above A, one would expect
that
2AB = m\

However there is a path change—"ZOWhen light is reflected from B, thus

2AB+%:m>\

In general, the band is bright if

2AB = (m - %j A (2.4)

And for dark band, the condition is
2AB = mA Wherem=0,1,2 ... (2.5)
If at A’, the (m + 1¥ bright fringe is seen then it follows that theraxt

path difference is
2A B -2AB=A
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A'B - AB =A/2

You may now like to attempt the following exampte know whether
you have grasped the concept of air wedge. Trydl@ving example.

Example 2.1

A wedge-shaped film of air between two glass glaliges equal spaced
dark fringes, using reflected sodium light, whiate &.22 mm apart.
When monochromatic light of another wavelengthsedithe fringes are
0.24 mm apart. Calculate the wavelength of the rr@@@urce of light.
Assume for sodium light = 589 nm.

Solution: As we know thal = Zis = ;—1 for the ' source

S
- A
Similarly, 06 = —=
2s,
On comparing the above two equations
A A
2s, 2s,

_ A X2s,

Or A, 25,

On substituting the values

A1 =589x10m S,=0.024m, andS=0.022 m
We get

A\,=589 x 10°x 0.024
0.022
Ao =643 nm

4.0 CONCLUSION
Apart from the case of Young’'s experiment in whicterference occurs
for coherent light originating from two differenowrces, interference
can occur in thin films.

In thin films, the interference results from thditipg of amplitude
rather than the splitting of wave-front as in theuvig’s experiment.
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When light is reflected on a surface, the reflaci® accompanied by a
phase change of 180r 1t which is equivalent to path difference ér

(i.e. half a wavelength).

Interference can also occur in the air wedge. dR&tin also has a role
to play in the formation of the interference patter Therefore, the

associated path difference between the reflecinhtlae direct ray isg_

Generally, the bright fringe is governed by thatien 2AB :(m - %j)\

whereas the formation of the dark fringes is gilgrihe relation 2AB =
mA.

5.0 SUMMARY

. The thin film can also produce interference fringest as for two
coherent sources in the Young's experiment.
. While fringes are produced in the Young's experiméuoe to

splitting of wave-front but interference patterre groduced in
thin films due to splitting of amplitude.
. Reflection of light is associated with a phaselufrige of 180or

mtand a path difference e/%

. Interference can also be formed by thin films. this case, the
path difference for a bright fringe is governedtbg relationship

2AB = (m - %))\ while that of the dark fringe is governed by the
relationship 2AB = .

6.0 TUTOR-MARKED ASSIGNMENT

1. Using monochromatic light of wavelength 5873An air wedge
is illuminated and the separation of the brightd#10.29 mm.
Calculate the angle of wedge.

2. An air wedge is illuminated perpendicularly by mohmmatic
light of wavelength 5.73 x 10 m, interference fringes are
produced parallel to the line of contact, which dnaeparation of
1.25 mm. This air wedge film is formed by keepiagfoil
between two glass slides at a distance of 80 mm fte line of
contact of the slides. Determine the angle ofvileege and the
thickness of the foil.
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UNIT 3 NEWTON'S RING AND INTERFERENCE IN
THIN FILMS
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1.0 INTRODUCTION

In unit 2, you noted that apart from Young's expent, there are other
ways of producing interference pattern by divisioihamplitude i.e.

interference in air wedge. In this method, twdtigeams derived from
the single incident beam by division of amplitudete incident wave.

It means, the amplitude of wave is divided into tparts. The other
ways of producing interference are Newton'’s rind #min films.

Newton rings were discovered by Newton. A lenpleced on a glass
plate and an air film is formed between the loweface of the lens and
upper surface of the plane glass plate. As atresyattern of bright
and dark fringes consist of concentric circlesfarmed.

Now in this unit, you will study about Newton’s gs and interference
in thin films.

2.0 OBJECTIVES

After studying this unit, you will be able to:

. identify Newton’s ring

. explain the theory of Newton'’s ring

. solve problems involving Newton’s ring

. differentiate between Newton’s rings and interfeesrby thin
film

. explain a theory of interference in thin film

. solve problems involving thin film.
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3.0 MAIN CONTENT

3.1 Newton’s Rings

As shown in Fig.3.1 below, a lens is placed in aontith a plane sheet
of glass. The len’s lower surface is of very largdius of curvature.
Because of this, an air film is formed between ltdveer surface of the
lens and upper surface of the plate. At the paiimontact, the thickness
of the air-film is zero and it increases as one enaway from this point
of contact. When light rays reflected back and ghiuo the focus to
the microscope, bright and dark fringes are obthin€herefore taking
into account the phase change at B, the nth baigtitdark rings are thus
given by

2AB :(n - %) A fora Brightring ... (3.1)
and 2AB = A foraDarkring ... (32)

Microscop
W _
M P Monochromatic

half silvered .\ < light source
mirroM
Glass lens
o A&
| 5 — Plane sheet of
glass

Fig. 3.1: Newton’s rings experiment arrangement

An interference pattern known as Newton’s ringsh&ained when light
from a monochromatic source is reflected from aeshaf glass.

Interference occurs between light reflected fromltdwer surface of the
lens and upper surface of the plane glass.
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3.1.1 Radius of a Ring

P> <A

Fig. 3.2: Newton'’s ring

Now refer to Fig. 3.2 to obtain a relation betwdlea radii of rings and
the wavelength of light.

In this section, we shall determine the radius itifee a dark or bright
Newton'’s rings formed.

Let r, be the radius of the nth Newton’s ring at A whehe film
thickness is t= AB, and a is the radius of cunatoir the lens surface of
which A is a part.

By the theory of intersecting chords

(Ra—-t) xt=¢x r,

On expanding the above equation, we get

2at—t=1,

On rearranging this equation, we get
2

r : : :
2t =" (Since t is small as compared to a, theeefds neglected)
a

The condition for bright ring is

2
o o= (n —EJA ...... (3.3)
a 2
Oor r?=(2n-1) %a (Bright ring)
The condition for dark ring is
2
and "0 o= (3.4)
a
= n\a (Dark ring)
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These expressions can also be easily written maef diameter of the

ring. Suppose Pis the diameter of the™ring, then Eq.(3.3) and Eq.
(3.4) becomes

D
D=2n=r,= 2”
O  Ds= 2(2n-1)Aa (Bright ring)
l
D.2= 4 nA\a (Dark ring)
Example 3.1

In a Newton’s rings experiment the radius of ctuve of the lens is 5.0

m and its diameter is 2.0 cm. Determine (a) how yndark rings are
produced? (b) how many dark rings would be sedhefarrangement
were immersed in water of refractive index 1.33.s#me the
wavelength of light used is 589 nm.

Solution

(a) Diameter of lens = Diameter of largest 8.0 cm
0 Radius of last ring r = 1.0 x Tén
Radius of curvature a =5.0 m
Wavelength of lighi = 589 x 1m
Using the equation and substituting the values
n=rF = (1L.0x10)
a 5.0 x 589 x 10

No. of rings (n) =34
(b)  Ifimmersed in water the refractive index is

— anir — A—air
Y, A,
WhenAy, = vacuum wavelength of the light
Av = wavelength of light in water
My = refractive index of water = 1.33
OA, = Jar
Hy,
r2
and n = in water
al,
0 _ rg, _ (L0x107%)* x 133
al,, 50x589x10™°
n= 46
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Example 3.2

The diameter of the"7and 17" bright rings formed by a plano- convex
lens resting on a plane glass surface is respéctivé4 cm and 0.86
cm. When the space between the lens and gladleds\with water, the
diameter of the 1M and 2% bright rings is respectively 0.23 cm and
0.77 cm. What is the refractive index of water?

Solution

In air have

> = am A\, L (3.5)
> = amA, (3.6)
Ay = wavelength in air

mq = 7

mo = 17

Subtracting Eq.(3.5) from Eq.(3.6), we have
> —n?=(my,-myak. . (3.7)

In water, we have

> = ams A\, (3.8)
> = am Ay, (3.9)
Av = wavelength in water

Subtracting Eq.(3.8) from Eq.(3.9), we have
r>—?=(ms-mgyak, .. (3.10)

Equation (3.7) divided by (3.10), gives

IS =1 = (My-_my) al,
(s — 1 (M4- M3) ak,
Ly
. 1oy,
10
[_ZL—rf = Hw
[ —1°
or My = (0.86 — (0.14)
(0.77) — (0.23)
L, = 133

In the next section, you will study interferencehe thin films.
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3.2 Interference in thin Films

A thin film is a very thin layer of the medium caroed. Examples of
thin film are a soap film or a bubble and thin lapé oil spread over
water surface. Such layers are also known to catsderence patterns.
The details of how this is done are discussed helow

Consider a thin transparent film of refractive inge A ray IA from a
point monochromatic source is partly reflected asaya AR and part
refracted into the material of the film along ARick that the r is the
angle of refraction. At point B, the ray of ligistpartly reflected to A
and partly transmitted out. At'Athe ray will again get partly reflected
along AB' and refracted as ray’'R. When these two rays, AR and
A'R’, meet, then interference occurs as shown in ER. 3t is to be
noted that the amplitude decreases from one rtyetoext.

Eye

Monochromatic R
sourct I

air

air

Fig. 3.3: Interference in thin film

Let A'D is the perpendicular to AR. Then optical patiifedence
between these rays is

=uAB+BAY-AD (3.5)
Butcosr=BT= t = t = BA=AB
AB AB  cosr .... (3.6)
andsini = _AD
AA’
OAD = AA'sini
AA' = AT + TA
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AA' = BT tanr + BT tanr
= 2t tanr
Therefore
AD =2ttanrsini
AD = 2tsinrsini L (3.7)
cosr

Using Snell's law as
H=Sini= sini=psinr .... (3.8)
sinr

Substitute Eqg. (3.8) into Eq (3.7), we get

AD = 2tsinr [ sinr
cosr

AD =2ut. sirfr
cosr

Now substitute the value in Eqg. (3.5), for the pdlifference, the
expression is

Path diffrence 1 (t +_t) - 2ut sirfr

CoST COSf cos r
= ut (1-sifr)
cosr
= ut cosr [as sfm + cosr

:1]

At point A, the ray is reflected when it is goin@rn a rarer to a denser
medium and suffers a path differenceMd® or a phase change af.
But at B, the reflection takes place when the gagaing from a denser
to a rarer medium, and hence there is no phaseehan

Hence the effective path difference between tws ray
2ut cosr-A
2
The condition for destructive interference in thefis given by

2ut cosr-A =(2n-1) A
2 2

2ut cosr= M where n=1,2,..............

The condition for constructive interference is
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2ut cosr-A =nA
2
2ut cosr =(2n +1M
2
Wheren=0,1,2 ...........
Example 3.3

White light falls on a soap film with a refractivedex of 1.33 at an
angle of 48, What must be the minimum thickness of the fibn the
reflected rays to be yellow and a wavelength o610 'm.

Solution

Rl

For a bright fringe, we have the condition

2ut cosr = (2n+1)%

wherep is the refractive index of thin film
1.33

thickness of film

wavelength of light = 6 x 1Bn

t

t = (n_—%)x ....(3.8)

2ucosr
From Eq. 3.8, the minimum value of t occurs whenl

0ty = (1 =% )X 6.0 x 10
2x1.33xcosr

Using Snell’s law at point A, we have

H = Sini = sin45
sinr sinr
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1.33 = sin45
sinr
r = 32.1

O tmn =6.0x10"/ 2x1.33 xcos (32.1)

4.0

126

= 1.3x 10’ m

CONCLUSION

Newton'’s ring is a spherical form of interferenoean air wedge,
it result from path difference between light rettgt from the
bottom of the lens and the top of transparent mirro

The air wedge is formed between a lens and a flebmover

which the lens is placed

The equation governing the formation of bright aladk fringes
in Newton’s ring are

2AB = (n - %)A for Bright fringes
and
2AB = n\ for Dark fringes.

Relationship between the radius of a fringe andréitgus of the
curvature of the lens is given by

r? 1 : :
n=|n-=| A for a Bright ring
a 2
r2
n =n/ for a Dark ring
a

Interference also occurs in thin film and this issdo the path
difference between monochromatic light reflectedttosm top and
bottom of thin films. A bright fringe in this casecurs when a

path difference, d = |2t cos r = (2n+1)% where n =

On the other hand a dark fringe occurs when thie gidterence,
d=2utcosr=m wheren=12,........
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5.0

6.0

1(a)

(b)

SUMMARY

Newton'’s rings are a special from of interferenaghiw an air
wedge.

They are formed due to path difference betweenectdt
monochromatic light waves reflected by a mirror &émel bottom
of a convex lens overlying it which also forms #iewedge.

For a bright fringe, the path difference requiredsmobey the
relation,

d=2utcosr= (2n+1)%\ wheren=0,1,2............

while for a dark fringe the relationship, d #2cos r = i\ where
n=123...........

where n represents the number of fringes andl is the
wavelength of light.

The radius of a bright fringe is governed by tHatren.

2
"o = (n - lj A (for a Bright fringe)
a 2
While that of a dark fringe , the relation is
2
"o = )
a
Where r = radius of the nth ring

a = radius of curvature
A = wavelength of light
Interference can also occur in thin films. Thuggeiference in
thin film is due to path difference between ligbflected from
lower surface and upper surface of a parallel stbedfilm.
For the formation of a bright fringe by a thin filnthe path

difference required is equal to d 1Rcos r = (2n+1)%

Where n=0,1,2........
And for a dark fringe path difference is d g2cos r =\

Where n=1,2,..............

TUTOR-MARKED ASSIGNMENT

A thin film of thickness 4 x T0cm is illuminated by white light
normal to its surface (r £ Its refractive index is 1.5. Of what

colour will the thin film appear in reflected light

Why do the oil films on the surface of waterpagr to be
coloured?
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1.0 INTRODUCTION

In our earlier units, you have thus far studiedwthoterference which
illustrates the wave nature of light. You have sttt these waves are
transverse waves. Another phenomenon known agizatian also
shows the transverse nature of light. When a lighabtained from a
source, this ordinary light vibrates in virtuallyll adirections
perpendicular to the direction of propagation. ¢éenit is called
unpolarized light. But light can be constrained dither natural or
artificial crystals to vibrate in only one planerpendicular to the
direction of propagation. When this happens, tbhtlis referred to as
polarized light.

In this unit, you will study the various ways ofbgucing polarized light

and you will also come across with various crysthé can be used to
produce polarized light.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. differentiate polarized and unpolarised light

. describe the various ways of producing polarizghtli

. identify the crystals that can produce polarizegitli

. explain the theory behind each method of produgntarized
light

. define and explain optical activity

. solve problems associated with production of pe&tilight.
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3.0 MAIN CONTENT
3.1 Polarized and Unpolarized Light

Recall from Unit 1 that light waves are transvesssres. Such a light is
said to be unpolarised. In ordinary light, the wavérate in different
planes (in all directions) perpendicular to thesdiion of propagation.
However when the light ray vibrates only in oneediron, it is said that
the light is polarized i.e. light vibrate only ime direction as it is
propagated.

Some natural crystals such as, tourmaline allows od light vibrating

in certain direction to pass through and blockadtieer rays vibrating in
other direction. If an observer view light comifrgm a source with
two of such crystals A and B as arranged in Fify, the observer would
note the positions of brightness and darknessesristal B is rotated.
You would notice that at a stage a very brighttliglould get into his
eyes but at another stage you would not see amythirherefore, you
would notice positions of maximum brightness andkimam darkness
as the crystal rotates near the eyes. The posifiomaximum brightness
occurs when the planes or the crystals through wight is allowed to

pass are oriented in the same direction. On ther dthnd, a position of
maximum (complete) darkness occurs when these plare at right
angles to each other. Atrtificial crystalline méadésy that polarize light
are called polaroids.

Source of
unpolarise
light %

No light is
transmitted

Polariser
Analyser

(a) Crossed

npolaried = \N
light W \ Bright
PN SEEE \_f beam
amarars &
Polariser Analyser
(b) In line

Fig. 4.1: Plane polarization of light
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3.2 Optical Activity

] A
t Eye
L & i
Polariser | - Analyser
Tube containing

the sample
Fig. 4.2

Certain substances have the ability to rotate theepof polarized light
when a plane polarized light is passed through th&uach substances
are said to b®ptically Active. If the rotation of the plane is clockwise
that is, to the right, then the substance is destatory. On the other
hand, it is “levorotatory if the rotation is antickwise. The degree of
rotation may be determined by means of a polarimeta its simple
form, the polarimeter consists of two Polaroid $befeinctioning as
polarizer and analyzer and a tube containing thistamce. With the
tube empty, maximum amount of light reaches to wien the sheets
are oriented in the same direction. The analyzéhen turned through
90° before placing the substance in position. Dependim the rotation
of the plane of polarization the analyzer wouldegorighter.

The analyzer is again rotated until minimum ligist seen. The
difference in the readings of the analyzer givesdhgle of rotation of
the beam.

Now in the subsequent section, you will learn alibatvarious ways of
producing polarized light.

3.3 Method of Polarization
The following ways of producing polarized light atiscussed below:
3.3.1 By Reflection

When an ordinary light meets a plane surface, ¢fieated components
is partially polarized. At a certain angle of idence, the reflected light
is plane polarized and an analyzer can block itpletaly. This angle of
incidence is called the polarizing angle, as showfig. 14.3 below.

131



PHY 124 GEOMETRIC AND WAVE OPTICS

Unpolarised
light No light

Analyser

%H Refracted

ray

Fig. 4.3

As shown in the Fig.4.3 above that and represtatssibrations are
perpendicular to each other.

In Fig. 4.3, if the analyzer is perpendicular te fflane of vibration of
the polarized light, no light would be transmittaad this would be an
indication that the light has been polarized.

3.3.2 By Refraction

In the method described in section 3.3.1 aboverdfected ray unlike
the deflected ray is never completely polarized.owklver several
refractions using a pile of plates as shown in Bid, it is noticed that
the refracted beam is almost completely polarized.

Source of light

! Completely
-
\ polarized light
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Apart from the two methods studied to obtain pakion, we will now
learn about polarization by double refraction ie ttext section.

3.3.3 By Double Refraction

There exist many transparent crystalline substanebgch while

homogenous, are anisotropic. That is the veloafty light wave in
them is not the same in all directions. Crystalgirigathis property are
said to be doubly refracting.

In such a crystal, two sets of Huygens waveletpggate, one set being
spherical and the other ellipsoidal.

The two sets are perpendicular to one another Badparpendicular to
an axis of the crystal at which the velocity ofwaélve is the same.

&ystal
Optic axis

Spherical wavelet

Ellipsoidal wavelet

Fig. 4.5:

It is to be noted that any line parallel to theioptxis is also an optic
axis when light is passed perpendicular to theaseriof the crystal; the
incident ray is broken up into two rays in travegsthe crystal. The ray
which corresponds to the spherical wavelength nesnandeviated and
is called anordinary ray. The ray corresponding to the ellipsoidal
wavelet is deviated and is called #rdra-ordinary ray.

Crystal
S_ource of
hght ¥ 1 1 II Extraordinary ray
&/V/ ----------- -~ o o o Ordinary ray
Fig. 4.6:

Both the ordinary and extra ordinary ray comes poiarize. If the
crystal is rotated about the incident ray as ars,attie ordinary ray
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remains fixed but the extra ordinary ray revolvesnd it as shown in
Fig. 4.7

Crystal

<( """ @ - sareer

__________________

Fig. 4.7:

Along the optic axis, the velocity of both ordinaand extra-ordinary
ray is the same but along other axis, they are not.

Snell's law holds for the ordinary ray but not the extra-ordinary ray
because the velocity of the extra-ordinary ray iffecent in different

directions. Crystal which have only one optic asi® said to be
uniaxial. But some crystals have two differentedtrons in which the
velocities are equal, this kind of crystals arelezhlbiaxial crystals.
Most crystals used in optical instruments mainhantp and calcite are
uniaxial.

4.0 CONCLUSION

Ordinary light vibrates in all directions perpendar to the direction of
propagation. It is therefore, unpolarised. Ondtieer hand, polarized
light vibrates only in one direction perpendicutar the direction of
propagation.

Polaroids are artificial crystals which are usedptoduce polarized
light. They are generally used in combination asdafzer and
Analyzers.

Other natural crystals which can be used for produpolarized light
are tourmaline, quartz and calcite.

Optical activity is a phenomenon in which the plariepolarization of
crystal can be rotated. Any crystal that possesssability is said to
be optically active.

The polarimeter can be used to determine the dexjnextation.

The principal methods of producing polarized lighe:

)] By reflection
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i)
ii)

5.0

7.0

By refraction
By Double refraction

SUMMARY

While unpolarized light vibrate in all direction ppendicular to
the direction of propagation, polarized light vileran only one
direction perpendicular to the direction of propiama

Polaroids, tourmaline, calcite and quartz can lelue produce
polarized light.

A pair of Polaroid can be used as polarizer andy¥ea to study
the polarization of light.

The ability to rotate the plane of polarization afcrystal is
related to its optical activity.

The magnitude of the optical activity of the cryist@ can be
determined by using the polarimeter.

Other principal ways of producing polarised lighiclude by
reflection, by refraction and by double refraction.

TUTOR-MARKED ASSIGNMENT
What are the different methods by which polatiight can be

obtained? Explain.
State any two useful applications of plane poéar waves.
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1.0 INTRODUCTION

In Unit 4, you learnt about the polarization ofhig You studied that
polarization of a light can be obtained by differemys like polarization
by reflection, polarization by refraction and pddation by double
refraction. An ordinary light vibrates in everyapk at right angles to
the direction of light. Then the question arisagart from the above
mentioned methods, is there any laws which govkeenpolarization?
Yes, there are certain laws which govern polamratiThese include
Brewster’'s and Malu’s Law.

In this unit, Brewster and Malus law would be dedvand examined in
detail. Also discuss the various applicationsafpzation in the end of
this unit.

2.0 OBJECTIVES

After studying this unit, you should be able to:

. define and explain Brewster’s law

. define and explain Malu’s law

. solve problems involving Brewster’'s and Malu’s law
. list the applications of polarization of light.
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3.0 MAIN CONTENT

3.1 Brewster’'s Law

Ordinary
Ilght
/
n / /
7y // V4
/ %y Z
P 7 4 7

Fig. 5.1: Polarization by reflection

Brewster's observed that when unpolarised lightinsident on a
material, the reflected and refracted ray are aragie of 90 as shown
in Fig. .5.1. Using Snell’'s law, we know that eeftive index of a
material is given by the relation

_sini

sinr

Here | is the polarizing angle. It is defined as thelangf incidence
when the reflected light is almost completely piaked. pis the

refractive index of the material.

But from the Fig. 5.1, one can see that r=90 -1

sini, S|n|p .
=tanj
sm(90 i,) cosp
[JRefractive indep =tanp .. (5.1)

Eq 5.1 is called Brewster's law. Therefore, theraetive index of a
transparent medium is equal to the tangent of tit@rizing angle

Thus Eq. 5.1, (Brewster law) can be used to firdrdfractive index of
materials. For further clarity, you should now waoikt an example.

137



PHY 124 GEOMETRIC AND WAVE OPTICS

Example 5.1

(@) At what angle of incidence will light be refted from water of
refractive index 1.33 and would it be completelyapaed?
(b)  Does the angle depend on the wavelength ofligh

Solution

Let pis = refractive index of water

=1.33
Using Brewster’s law given by Eq. 5.1,

tan p= |
O tanj =1.33
ip = tan' (1.33)
ip=531°

b) Yes, the angle depends on the wavelength of hgicause the
refractive index of a medium with respect to thieeotvaries with
wavelength.

3.2 Percentage of Polarization

IliJgnhp[olarlsed Polaroid
Z ‘\ Vé: j E sheet N @ Photocell
Fig. 5.2

when light passes through a Polaroid (or polarjzég light which has
vibration along the specified direction of the ¢aysbove is transmitted
(refer Fig. 5.2). If the transmitted light interysis measured by means of
a photocell, the current measured remains constamhatever direction
the polarizer is rotated. If there is any variatio the intensity, it shows
that the incident light is partially polarized. Ths, the vibration of the
incident beams are not uniform in all directions.

The percentage of polarization (p) is given by
P= Imax__I minw
Imax X 1 min (52)

When |,ax = maximum light intensity

I min = Minimum light intensity
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3.3 Malu’'s Law

Unpolarised

light fe ﬂ j E ___Photocell
= Analyser

Polariser
Fig. 5.3
Analyser
Polariser
E, cosO

E, sin®

Fig. 5.4: Two components of polarized light.

This section explains in detail the theory behindlWs law. Refer to
Fig. 5.3 above. An analyzer is introduced betweepokarizer and a
photo cell. The specified direction of the polariznakes an anglé
with the analyzer being oriented vertically. Thelgpized light
transmitted by the polarizer can be resolved iM@ ttomponents,
therefore, Ecos 6 vertically and E sin 6 horizontally, as shown in
Fig. 5.4, where Eis the amplitude vector of the incident beam. Only
the component of amplitude .Ecos 8, which is parallel to the
transmission direction, would be transmitted by #malyzer. The
transmitted light is maximum whed is @ and is zero (minimum) when
8 is 9¢. At intermediate angles, the intensity is promorél to the
amplitude, and we have

loa Eo5, and | a E?

- I_:E_2: Eo? cos’ 8
l, E, Eo?
O | =l,cos 0 ... (5.3)
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This equation (5.3) is known as Malu’s law

Therefore from Eq. (5.3), it can be seen that hengity of the emergent
light varies as the square of the cosine of thdealngtween the polarizer
and the analyzer.

Example 3

A beam of plane polarized light strikes two paarg sheets. The first
sheet is inclined at a angk with respect to the incident beam, while
the second sheet is inclined af @6 the incident beam. Determine to
the nearest degree, the an@ldor a transmitted beam intensity that is
one tenth the incident beam intensity.

Solution

(o]

Incident
beam

90 -6

/
Incident A"

bea

Second
beam

Fig. 5.5

Apply Malu’s law to the first Polaroid we have
L=16c0€ 0 ...ooevvvere (1)

and to the second Polaroid we have
I, =1, cog 6 co< (90 -0)

I, =1,co< 6 sirf 6
:—2 = co$ 0 sir? 0
butl_2 :i

o 1C

0 i:<:o§esir128
1C
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\/I =cosO sin 6
10

sin 20

2\/I =sin206
10

9 =2¢

N =

3.4 Application of Polarization

(@) Use of Polaroids in Sunglasses

Unpolarised light is harmful to the human eye, lbuth the use of
Polaroid this can be prevented. They protect gesdrom glare. They
helped to reduce the intensity of sunlight.

(b) In Film Industries

Polarised light is used in films to create illusiohthree dimensional
pictures.

(c) Saccharimetry

The rotation of the plane of polarization by sugalution is used as a
method of determining the concentration of sugdutem in a given
sample.

(d)  Photoelectric Stress Analysis

Some substances such as glass and plastic, thabtanermally double
refracting, may become so if subjected to strefssuch stressed
materials are placed between a polarise and amatymebright and dark
areas that are seen give information about thenstra he technology of
photo-elasticity is based on double refraction pozdby stresses.

(e) Used in window pares

The window panes of airplane and trains used pilartm control the
light entering through them.
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4.0 CONCLUSION

Brewster’s law is one of the laws applied in thedgtof polarization of
light. Whenever unpolarized light is incident onsarface at the
Brewster angle,j the angle between the resulting reflected andctdd
ray is found to be 90 Under this condition, the refractive index of the
medium concerned is given lpy= tan |, .This is a Brewster’s law.

The pencentage of polarization of a given light can be found by
applying Malus law to a polarized and analyzer usedriew light.
Malu’s law is given by the relationship

l=1,cos 6
Polarisation of light can be applied in the follogiareas:
)] Used as sunglasses;
1)) In the film industries for three dimensionathires;
iii) To determine the level of concentration of augsolution

(saccharimetry); and
Iv)  For photoelectric stress analysis.

5.0 SUMMARY

. Two major laws used in polarization of light areefster’s law
and Malu’s law.
. While Brewster's law relates refractive index tae tBrewster

angle, Malu’s law relates the percentage of paddion to the
angle of rotation of the plane of polarization.

. That is, Brewster’s law is given by = tan j, while Malu’s law is
given by | = } co€ 4.
. The industrial uses of polarization of light incéud

- The use of Polaroids as sunglasses;

- The use of Polaroids in the film industries i.e. &fiects;
- The determination of concentration of sugar sofytio

- For photoelastic stress analysis; and

- The one of polaroids in window panes.

6.0 TUTOR-MARKED ASSIGNMENT
1. A polarized and analyzer are oriented so that maximum
amount of light is transmitted. To what fractioh maximum

value is the intensity of the transmitted light uedd when the
analyzer is rotated through @0
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2. A beam of light falls on the surface of a glpkste of refractive
index 1.536 at the polarizing angle. Determine #mgle of
refraction.

3. Let 8 be the angle between the polarizer and the analydsing

the Malu’s law, plot a graph showing the dependafaatensity
of transmitted light or
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