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Introduction

Light plays a vital role in human life. From therydeginning, it is a
subject of great interest to know the secretsgtftliwe are always
curious to know how we receive information to ar@hi objects with
the help of light. This is perhaps the reason @éori@bout the light and
the phenomena associated with it. Geometric ancwatics is one
semester 2 — Credits core course. It will be abésl#o all students to
take towards their B.Sc Education and other programlike B.Sc
computer science, environmental studies etc. Tdusse comprises 15
study Units in 3 Modules, which involves basic piples of geometric
and wave optics. The themes of these topics we tlaegen are most
interesting and relevant. The material for thisjsabhas been
developed in such a way that student with at laasedit pass at the
ordinary level or equivalent will follow quite e&si This course will
make the students to be aware of how perceive shapkrs, motion
of objects.

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

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

There are regular tutorials and practical clagsatsare linked to the
course. You are advised to attend these sessigukarly as this is an
important aspect. Details regarding the time awdtions 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 conveni@&hiring this course,
you will learn that light has a dual nature i.eextibits characteristics of
wave in some situations and characteristics oigharin other situations.
In the beginning of this course, you would learowlreflection and
refraction at plane and curved surfaces and thegrhena associated
with them. Also, you learn about lenses and
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optical entrustments like telescopes, microscopegequired 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 interferennehin films and air
wedge, Newton’s rings, and laws ad applicationaépzation.

Course Aims

The aim of this course PHY 124: Geometric and Wawecs is to
introduce the principles of geometric and waveaspéind so make use
of these principles and their applications in edesylife. This will be
achieved by:

o Introducing you to the basic principles of geonwetind wave
optics,

o Demonstrating you how these basic principles candael in our
day life situations,

o Explaining some phenomena associated with geonatdovave
optics,

o Stimulating your interest in this area for the éstients, of the
world through advancements of technology and,

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

areas of telecommunications optical lenses, opfitsttuments,
surgery etc.

Course Objectives

To achieve the aims set out above, the courseosetsall objectives. In
addition, each unit has specific objectives. That wbjectives are
always included at the beginning of a unit; you ddoread them
carefully before you start working through the unibu may refer to
them during your study of the unit to check youogress. You should
always look at the unit objectives after completagnit. In this way,
you can be sure that you have done what was rebhoirgou for the
unit.

Mentioned below are the wider objectives of therselas a whole. By
meeting these objectives, you should have achigliedaims 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 andaetfon on
plane and curved surfaces;

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

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

5. Describe refraction through a rectangular glasskoémd a prism;

6. Define a lens and identify its characteristics dieas;

7 Distinguish between the images formed by convexcamtave
lenses;

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

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

10. Explain the functions of microscope and astronohialascope;

11. Distinguish between astronomical and terrestriaktope;

12. Explain the concept of interference and the coouifor

interference;

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

14. Differentiate between Newton’s rings and interfeeby 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 gaudfinahe study units,
read set books and read other materials providediiyN. You will
also need to do some practical exercises, whidrb@iarranged by your
course facilitator/tutor. Each unit contains sel§@ssment exercises, and
at points in the course you are required to subssignments for
assessment purposes. The evaluation of your TMA®®/done by the
facilitator/tutor at the study center. At the eridie course, there is a
final examination. The course shall take you ald&uveeks in total to
complete. Below you will listed all the componeatghe course, what
you have to do and how you should allocate youe timmeach unit in
order to complete the course successfully andmae.ti

Course Materials

Course Guide

Study Units
Assignment File
Presentation Schedule

PR
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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 [@iwerLens
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 Thin F§Im
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, readmgterials, 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 materidisbievan 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 thaéestlearning objectives
of the individual units and of the course.

Text Books and References

Nelkon and Parker, ‘An Advance Level Physics’, Fsli#d by
British Library Publication.

Shortley and Williams, ‘Principles of College Phosi 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 Londonitivam
Massachuesetts.

Assignment File

This assignment file will be supplied by NOUN. g file, you will

fine all the details of the work you must submitytr facilitator/tutor
for marks that you obtain in your assignments allcounted in your
final result you obtain for the course. Furtheomfhation on
assignments will be found in the assignment faelftand later in the
Course Guide in the section on assessment. Thergbor are advised to
take you assignments seriously and regularly. Be$abmitting, you
must ensure that you have answered all the questamjuired from you
in all assignments. There are about 15 assignnietitss course. The
assignments will cover all the topics treated Iritad units.

Presentation Schedule

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

Assessment

There are two aspects to the assessment of yoorpeamce for the
course. First are the tutor-marked assignmentsnskc¢here is a written
examination, knowledge and techniques gathereagltine course. The
assignments must be submitted to your facilitaitoftfor formal
assessments in accordance with the deadlines stateel presentation
schedule and the assignment file. The work you suionyour
facilitator/tutor for assessment will carry 30% glatiage of your total
course work. At the end of your course, you neeapizear for a final
written examination of three hours duration. Timafiexamination will
carry 70% weightage of your course mark.

Tutor-Marked Assignment

The TMAs are listed as item 6.0 in each unit. Tlemof the
assignments is to test your comprehension of ttemaaprovided to
you and to help you by providing feedback to yoané&rally, 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 will goxea broader
viewpoint and provide a deeper understanding obtlgect.

On completion of each assignment, send it, togetitéra TMA form, to
you facilitator/tutor. Make sure that each assignineeaches your
facilitator/tutor on or before deadline mentioned/ Ithe course
coordinator in the presentation schedule and assghfile. If, for any
reason, you cannot complete you work on time, antgou
facilitator/tutor before the assignment is due igrudss the possibility of
an extension. Extensions will not be granted afiter due 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 gratie. 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 assignrtieitfollow them.

Unit Title of Unit Week's | Assessmen
Activity | (end of unit)
Course Guide 0.5
Module 1
1 | Reflection at Plane Surface 0.5 Assignment L
2 | Reflection at Curved 1.0 Assignment 2
Surface
3 | Refraction at Plane Surfaces 1.0 Assignment |3
4 | Refraction through Prisr 1.C Assignment
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.t Assignment
9 | Optical Instrumeni 1.C Assignment
1C | Other Types of Telescog 1.C Assignment 1
11 | Interferenc 1.C Assignment 1
12 | Inference in Thin Filmsand 0.5 Assignment 12
Air Wedge

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

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

How to Get Most from the Course

In distance learning, the study units replace #wturer. This is one of
the great advantages of distance learning; youeash and work through
specially designed study materials at your own paoe at a time and
place that suit you best. Think of it as reading tbcture instead of
listening a lecture. In the same way that a lectunght set you some
reading to do, the study units tell you when todrgaur set books or
other materials, and when to undertake computiagtwal work. Just a
lecturer might give you an in-class exercise, ystudy units provide
exercises for you to do at appropriate points.

Each of the study unit follows a common format. Thst item is an
introduction to the subject matter of the unit dm@v a particular unit
is integrated with the other units and the coussa ahole. Then, there
is a set learning objectives. These objectivesytat know what you
should be able to do by the time you have complébedunit. You
should use these objectives to guide your study.eWlou have
finished the unit, you must go back and check wkethou have
achieved the objectives. If you make a habit ofndothis, you will
significantly improve your chances of passing tbarse.

The main body of the unit guides you through thguneed reading from
other sources. It will enhance your understandihthe material in the
unit. Self-tests are interspersed throughout thiégsusnd answers are
given within the units. Working through these test8 definitely help
you to achieve the objectives of the unit and prepgou for the
assignments and the examination. It is advisedybatshould do each
self-tests as you come across in the study unierdtwill 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 smuis mentioned
below. If you have any trouble telephone your featibr/tutor (or post
the question on the Web CT OLE’s discussion bodRémember that
facilitator/tutors are to help you. Here you wiktgan opportunity to
discuss with them your problems pertaining to therse of your study.
So, when you need help, don’t hesitate to consutfacilitator/tutor to
provide it.

1.

2.

Viii

First of all, read the Course Guide carefully amaroughly.

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

Once you have created your own study schedule,vdoyiing
you can to stick to it. The major reason that stadail is that
they get behind their course work. If you have difftculty with

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

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

Work through the unit. The content of the unit litdeas been
arranged to provide a sequence for you to follow.y&u work
through the unit, you will be instructed to readts® of your set
books or other articles. Use the unit objectivesgtnde 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 designed I yw to
meet the objectives of the course and, therefork,help 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 anythaf
objectives, review the study materials or consulbury
facilitator/tutor. After ensuring that you have sled a unit's
objectives, then start on the next unit. Proceetivise through
the course and try to keep yourself on schedule.

9. When you have submitted an assignment to youritaklt/tutor
for marking, do not wait for its return before siiag on the next
unit. The evaluated assignments will be returned/da with
tutor comments and marks obtained in TMAs. Keepyaar
schedule. When the assignment is returned, payicplat
attention to your tutor’'s comments, both on theoituharked
assignment form and also written on the assignmedsisult
your facilitator/tutor as soon as possible if yoavé any
guestion or problems.

10.  After completing the last unit, give sometime tuiesv the course
and prepare yourself for the final examination. khéat you
have achieved the unit objectives listed at tharmagg of each
unit and the course objective listed in the co@aale.

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 aniguliiés you might
face and provide assistance to you during the eolwsu must mail
your tutor-marked assignments to your facilitatdot well before the
due date (at least two working days required). Tidlybe marked by
your facilitator/tutor and returned to you with corants at he earliest.

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

Contact your facilitator/tutor if:

o If you do not understand any part of the study surat 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 assignmeith your
tutor's comments on an assignment or with the gigdf an
assignment.

You should try your best to attend the tutorialkisTis the only chance
to have face to face contact with your tutor an@gk questions which
are answered instantly. You can raise any probleocowntered in the
course of your study. To gain the maximum beneftnf course

tutorials, prepare a question list before attendiram. You will learn a

lot from participating in discussion actively.

Summary

PHY 124 intends to introduce basic principles ampoliaations of
Geometric and wave optics. Upon completing thisgseuyou will be
equipped with knowledge of reflection, refractionterference,
polarization and dispersion etc. and the laws drhpmena associated
with them. Also will learn how geometric and raytiop is useful in our
day-to-day life. You will be able to answer thesadk 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 ghght 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

PoOpNE

How the microscope and telescope functions?
. Is the astronomical telescope different from tdriagistelescope?

10. What are coherent sources?

11. How air wedge forms interference patterns?

12. What is the difference between Newton’s rings amtdrference
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
3.1 Laws of Reflection
3.2 Reflection at Plane Surfaces
3.3 Image Formed by Plane Mirror
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

We see objects either by the light they producéyrthe light they

reflect from other objects. Objects that producartbwn light are said

to be luminous. Examples are the sun, candle liglettric light bulbs

etc. Whereas, non-luminous objects do not prodoee own light. They

are seen only when light from other sources faltleem and is thrown
back or “reflected” into our eyes. For example theon shines in the
night because it reflects light coming from the suml not because it is
luminous.

)] The narrowest of light is a ray which is usuallpglammatically
represented by a thin line (as shown in Fig. 1vtig) an arrow
head on it. The arrow head represents the direofigmopagation
of the light.

1)) A group of rays gives rise to a beam of which carphrallel or
convergent or divergent as shown in Fig. 1.1. Ligiys can be
reflected or refracted on plane or curved surfateggending on
the nature of the surfaces, including their matanake up. In
this unit we shall only look at reflection of lighty a plane
surface.
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S P e A

(a) A light ray (b) Parallel beams (c) Divergenabes (d) Convergent bea

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

2.0 OBJECTIVES
After studying this unit, you will be able

recognize incident and reflected r

recognize angle of incident and angle of refrac
explain how images are formed by plane mil
solve problems related to reflection at plane s
state the laws of reflecti

experimentally verify the laws of reflectic

3.0 MAIN CONTENT

3.1 Laws of Reflectior

A Normal C

Incident
ray
Reflected

ir ray

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

Fig. 1.2 shows a ray of light AB which is incidem the surface of
plane mirror at an angle of incident i from the maf to the mirror. BC
is the ray of light reflected frorthe surface of the mirror, therefore
known as the reflected ray. The angle formed byréflected ray witl
normal is r called angle of reflection. As it cam $een from Fig.1.2, tt
incident ray, the reflected ray and the normaht mirror at the oint of
incidence all lie in the same plane. This is tinstfiaw of reflectior
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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 incidesnalways equal to the
angle of reflection. This has given rise to whatnswn as second law of
reflection.

Consequently the laws of reflection can be sumradras follows:

IstLaw

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

2nd 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 sthamr polished it may
act as a mirror and produce a reflected imagehdfrhirror is flat, or
plane, the image of the object appears to lie leklive mirror at a
distance equal to the distance between the obpettlee surface of the
mirror. In figure 1.3, the light source is the atijé, 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. Tobaerwer in front of
the mirror, these rays appear to come from thetgobehind.

<@>Obs|<_e)rv(-:
E
B
LY
LY
Y
\U \\
Y Y
hY LY
LY LY
\\\
LY
A \‘:\
Light Mirror Image
Source F

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 refleot that CF and BF forr
the same angle with the surface of the mirror,@®\@ and AB. If the
surface of reflection is rough, then normal to eas poins of the
surface lie in random directions in that case, thgs may lie in the san
plane when they emerge from a point source nevedbdie in randor
planes of incidence and therefore of reflectiord are scattered and c
not form an imag

3.3 Image Formed by Plane Mirror

A real image is the one formed through actual sgetion of light rays
and can be captured on a scr

Fig. 1.3 (a): A real image

A virtual image is that formed by imaginary intesgen of light rays ani
can not be forme or
captured on the scre:

g

-
-
-

“y Virtual image
I

Imaginary intersectio

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

Look at yourself in a mirror and compare your imagth yourself anc
answer the following questiol

1. Is your image real or viral?
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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 muse leme idea

about the plane mirrors and the formation of imaigeplane mirrors.

Now, we will discuss the characteristics of imagasned 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 game 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 cédleof light. Where a
reflection occurs, the incident ray, the refleatad and the normal all lie
in the same plane. Also the angle of incidentsigqual the angle of
reflection r. These two laws constitute the lawsedlection.

Finally, the formation of an image by a mirror ia application of

reflection of light at a plane surface.

5.0 SUMMARY

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

o A beam can be parallel, convergent or divergent.

o 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 dfaetion).

o There are two laws of reflection:
1stLaw: The incident ray, the reflected ray and thenmad at the
point of incidence all lie in the same plane.

2ndLaw: The angle of incident is equal to the angleediiection.
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o The image formed by a plane mirror due to reflecd light by
the plane mirror is such that the diste of the mirror object fron
the surface of the mirror and the distance of thage from the
surface of the mirror are eqt

6.0 TUTOR-MARKED ASSIGNMENT

Activity

Place or fix a sheet of white A4 size paper withuambtack at each ed:
of the paper. Witlthe help of two empty match boxes with verticak

(holes) cut into them, support the mirror in a wait position on the
paper as shown in Fig. 1.5 bel

A «— Match bo;
M \

ot —> miIrror

|b_ T S. P

Viatch bo;

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

Then, trace with your pencil thawrface of the mirror, line AB on tt
paper. Place a point P and place another one as@as shown in fic
1.5. Move your head to the left of P, looking iritee mirror as yol
move your head, until you see the image of P ia Viith P appearing t
be dong line FQ. Use a third pin R to a line with &nd Q

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

Questions

What is line MQ callec

What is line PQ callec

What is line QR callec

What is angle PQM called and what is angle MQRec#

What can you deduce about the magnitudeangle PQR and
MQR?

From 1-5, deduce the laws of reflection.

arwdPE

o
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1.0 INTRODUCTION

In the last Unit, you studied reflections at plgfiat) surfaces. In this
unit you will study reflection at curved surfac&uich surfaces include
concave and convex mirrors.

When light is incident on a curved surface of mirtbe reflected rays
either diverge or converge depending on the dweabif curvature of the
surface. We could produce a curved surface bynguibut a part of a
hollow spherical shell. A concave mirror is a cuhv&urface 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 2J) réspectively.

Therefore, a concave or converging mirror refléghtl from its inside

while a convex or diverging mirror reflect lightfn its outside as shown
in Fig. 2.2 (a) and Fig. 2.2 (b).
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~7 <«—— Reflective Reflective—>
Silvered 9,»* Side Side <
Silvered 7
Side '
Side

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

7
\)\ \\
Principal axi

Fig. 2.2 (a) Fig. 2.2 (b)

Because the convex mirror or the concmirror is part of a sphere,
has a center C called the center of curvature, amddius (r) calle
radius of curvature. And it also has a PrincipatioFi, whose distanc
from the pole P to the mirror is half the radius afrvature. Thes
parameterare shown in Fig. 2.2 for the convex mirror respety.

2.0 OBJECTIVES

After studying this unit, you will be able

. distinguish between reflection at curved surfaced &#mat at ¢
plane surface

. identify the principal focus of a curved mir

) obtain imags formed by a curved mirror using ray diagr

o state the mirror formu

. apply the mirror formula to obtain either imagetaince or objec
distance or the focal length and solve problemslinmg a curvec
mirror

. define magnificatior
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3.0 MAIN CONTENT

3.1 Images Formed by Curved Mirrors

We can find the nature and position of the imagesnéd by curvel
mirrors with the help of ray diagrams drawn to ecdlo do this, wt
make use of the following fac

) A ray parallel t the principal axis passes through the princ
focus after reflection (refer Fig. 2.3 (

1)) A ray through the center of curvature is reflecheatk along it
path (refer Fig. 2.3(b]

iii)  As a corollary to (i), any ray through the prindigacus is
reflectec parallel to the principal axis (refer Fig. 2.3 (chhe
points to which these reflected rays converge @amfwhich they
appear to diverge represent the required imageprhctice
however, the tracing of only two of these rays wiflable us t
find the position of the image.

A A
i f/f = A
NO "Pnnupal axis
A

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

7
7 )
Py’ /F//C ’

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

10
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Fig. 2.3(c): A ray goes through principal focus F réected back
parallel to the principal axis.

We can represent the object as a straight linegpelipular to the
principal axis with arrow to represent its headw\Na the nex
subsections, with the llp of diagrams, we will show the positit
and nature of the image produced by a concave migiog thes:
facts.

3.1.1 Image Formed by a Concave Mirror When the Olgct is
Placed Beyond Centre of Curvatur:

Fig. 2.4 shows the ray diagram for the Image fd by a concav
mirror when the object is placed beyond the ceoteurvature and O
represents the object, IQ represents the imagend-Ga respectivel
represent the Principal focus and the center of cimeature of the
mirror.

Concav

=. /mlrror

Fig 2.4: Image formed by a concave mirror for object before (

The figure shows that the image formed is inve(tldt is, in opposit
direction to the object). The image is also dinhieid (that is, smalle
than the object) and it occurs to the right of deaterof curvature C
Finally, the image is real, because it can be veckon the scree

11



PHY 124 GEOMETRIC AND WAVE OPTIC:!

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

Fig. 25 shows the ray diagram for the image formed bgrecave mirrol
when the object is placed between the center ofature C and th
principal focus F

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

The figure suggests tt the image formed by the concave mirror has
following characteristic:

)] it is real

1)) it is magnified, that is, larger than the obj
i) it occurs after C (to the left of C); &

Iv)  itisinverted

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

Fig. 2.6 shows the ray diagram of the image forrbgdthe concav
mirror when the object lies between the mirror grelprincipal focus |

12



PHY 124 GEOMETRIC AND WAVE OPTIC!

Fig. 2.6: Image formed by a oncave mirror for object
between F and the mirror

The figure suggests that the image formed is behha mirrors
Therefore, it is virtual because it cannot be neagion the scree

3.2 The Mirror Formula

As you have learnt in section 3.1.1, that tlistance of the object froi
the mirror is known as object distance. This isallgurepresented b
letter u. Similarly, the distance between image emdor is known a:
the image distance, this is generally represenyddtter v, also one me
not need todetermine u or v by construction as done in sec8dr
because it has been experimentally found, thaé tisemathematic
relationship connecting these parameters (withooafp. The
mathematical relationship is given

1

1
v

c+P

f
Wheref is the focal length

Magnification

In the day to day language, magnification is thgrele of enlargement
reduction of the size of an object through it iméyened. Magnificatior
Is mathematically represented by

M = Height of image
Height d object

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

M = Image distance
Object distance

ie.M=v (2.2)
u

A “real” image is considered as having positive valwdereas .
“virtual” image is considered as having negativiugaThis conventiol
is normally borne in mind in the application of timérror formula. This
means that distances for real objects and is are considered .
positive while distance for virtual objects or inesgare considered to
negative. Also, the focal length for a concave amiris normally
considered as positive while that of a convex miisoconsidered &
negative valut

Now we wil quickly solve few examples to clear these consepf
mirror formula and magnificatio

Example 2.1

An object is placed 0.15 m in front of a concaveraniof focal lengtr
0.1m. Determine the position, nature and magnibcabf the image
formed.

Solution:  Object position u = 0.15 m
Focal length f = 0.1 m The focal length is posi ]
ecause the mirror is conci

To determining the position of the image ( imags&tatice), we appl
the mirror formule

The mirror formula is given

<c P+ P
—

1- 150 10C 10

v 15 3
3
= v= =0.3m

10
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Notel

The question requiring you to state the naturehefitnage means that
you are required to state whether the image isaeairtual. Since the

image distance obtained (i.e. v = 0.3 m) is posjtiv implies that the

formed image is real.

Magnification m=v
u

0.3 =
o1r 20
Note 2

The value of the magnification implies that the gmdormed 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, onedgsiired to calculate

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

1 .1
+ =
¥ 97 (1)
\%
m==2 (2)
u
v=20 (3) Substitute the value v = 2u in
41+ 1 =1=1
u2uf 40

15
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2+1. 1
2u 40

3 = 1
2u 40

wlZU=12ZL
u=oLtar

CONVEX MIRROUR

) Polek | F C

Fig. 2.7: Formation of an image by convex mirro

Fig. 2.7 shows the radiagram for the formation of an image by
convex mirror OP is the object antQ is the image. As usual, the rPA
which is parallel to the principal axis of the nonyis reflected from th
surface of the mirror ¢A as if it is coming fronf. Also, tre rayPB that
is directed from the top of the object towards ¢bater of curvatureC)
of the mirror is reflected back along the same jaatif it is coming fron
C. Thus, the intersection of the two rays (dotteediin the figure) give
rise to formabn of imagel Q.

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

) Upright
i) Formed behind the mirror; therefore it is virti
iii)  Diminished, that is, smaller than the obj

It is necessary to note that the characteristicq@fimage stated ake
are true for the convex mirror, irrespective of wehthe object is place
in the front of the mirro

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

because the image formed by the convex mirror ésteithe conve
mirror is alwéeys use in motor vehicle as side mirror.

16
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Example 2.3

A diverging mirror of 50.0 cm focal length produaesirtual image of

25.0 cm from the mirror. How far from the mirroroshd the object be

placed?

Solution

A diverging mirror is a convex mirror, and theredpits focal length is

negative i.e. f = -50.0 cm. Similarly, since theame is virtual it implies
thatv =-25.0 cm.

From the problem, it is required to calculate thgot distance u.

4Using the mirror formula

1+1=1
uvf

On rearranging the terms, we get
1=111
ufv
Substituting the values of v and f into the aboge e get
1 1 1
ul50.0 (125.0)

11142 1
u 5C 5C
u=50.dm

4.0 CONCLUSION

The curved mirror either concave or convex is para hollow sphere.
When the sphere is silvered inside it is a concaweor while it is

convex if it is silvered outside. That is, a conwaixror reflect light from

its outside whereas a concave mirror reflects lightn its inside. Both
or either the concave or convex mirror has centecwvature C,

Principal Focus F, the principal axis and a pole.

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

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

i)
i)
ii)

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

a ray of light directed to the center of curvatofehe 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)

real objects and images have positive distances;

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

5.0 SUMMARY

18

Curved mirrors, concave or convex, are part ofdvolspheres.
The reflecting surface of a concave mirror is iesichile 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 consideregiipge 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 hand, dbevex mirror
forms an erect and virtual image irrespective oerghthe object
is located.

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

As a result, the convex mirrors have a wide fiefdview and
always form an erect image. It is used as rear \i@wors in
automobiles.
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6.0 TUTOR-MARKED ASSIGNMENT

A pin 2 cm long is placed 25 cm away from the padle concave mirrc
of focal length 10 cm. Determine its magnificat

e

40 cm

ZCmT R
— .

-

F
25

/é///

2
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1.0 INTRODUCTION

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

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

refraction of light that occurs when light travéiem one medium to
another medium through a boundary. When a ray &ntethe second
medium, it bent at the boundary. This bending odyaof light from the

boundary is known as refraction.

Before proceeding further for the laws of refraatiand total internal
reflection in this unit, it is important to know @it the concepts of
refractive index and critical angle. So here, wé lriefly discuss about
these concepts.

20
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2.0 OBJECTIVES
After studying this unit, you will be able"

o distinguish between rare medium and denser me

o know about the concept of refract

explain how the reaction takes place from one medium
another

explain the meaning of refractive inc

state Snell's law

define Critical angle

state the laws of refracti

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

know about the ph«comenon of total internal reflection

o state the applications of total internal reflecs:

3.0 MAIN CONTENT

3.1 Refraction at Plane Surface

You have learnt in Unit 2 that what happens whghtlstrike the surfac
of an object. They reflected from the sace as shown in Fig. 3.1. B
you may now ask a question: what happens to thH# ligys, if the
surface is transparent like glass or water? In Emmprds, it means thi
what happen to the light rays when they pass frora medium tc
another medium thragh the transparent surface between the
medium like air and water.

Normal

Reflectec
ray

Inciden
ray

- : Smoott

IEFPEPTEPET T T 7 FlFrs Pl A A 7777 7 7rr7riZir7dsd SurfaC'

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

Now to know the answer of the above question, ddirst discuss briefl’
about the refraction.

When a ray of ligh passes from one medium to another throug

surface (transparent), the ray bends at the sudachown in Fig. 3.:
This bending of a ray of light is callaefraction.

21
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Inciden VI
ray
P

é Medium (1

Fig. 3.2: Refraction at plane surface between two edium

In Fig. 3.2, the ray of lighPO is called an incident ray where@) is
the refracted ray. The angtes called the angle of refraction which is
formed between the refracted r@@ with the normal aMN at O. The
angle of refraction, shown in fig. 3.2, dependstlo® properties of the
two media in which the ray travel and also on th&dent anglé. The
medium like air is called rarer medium and the mediike glass and
water are denser medium. Now, let us considemibectases:

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

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

3.1.1Case 1

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. fromt@iglass 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 moveanirglass or water to air,
then the ray goes (bend) away from the normal as/shn Fig 3.3 (b)
below.

Inciden Norma

ray Refracte: Norma
ray i

Air
Medium (1)

1
1
1
1
1
i Alr
1
:
1

-+

Refractes
ray

@) (b)

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.

Incident ra:

3.2 Laws of Refraction

You have learnt about the angle of incidenesad 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 awglesfraction was
established by a scientist Snell and known as Sreilv. According to

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

23
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First Law

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

Second Law:The ratio of sine of angle of incidenag to the sine of
angle of refraction is a constant for two given metathematically, it
can be expressed as
SN - constant (3.1) Eq. (3.1) is
sinr
known as Snell’s law.

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

3.2.2 Refractive Index

You have learnt that the speed of light is difféerdéar different
substances like air, water, and glass. Let us denghat the speed of
light in vacuum (air) i and the speed of light in some substance (i.e.
water) isv. Therefore, there is relation betweeandv because of the
difference in the speed of light in these substarara can be denoted
by a symboh called refractive index. Therefore, refractive irnad@an be
defined as the ratio of the speed of lighth a vacuum (air) to the speed
of light v in some other substance. Mathematically, it caml@essed

as

In general, for two given media, ifiis the velocity of light in medium 1
and wis the velocity of light in medium 2, then the eaftive index n can
be written as

n = speed of light in medium 1/speed of light indien

2 31 ................ (3.3)
2

Since, refractive index n is a ratio of speed i wfferent mediums;

therefore it is a dimensionless number and is advgagater than unity as
v is always less than c.

24
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Example 1

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

Solution

Given n = 2.42 anéd = 589 nm

Using the Eg. (3.2) above,

n=
V

Substituting the values given above, we get

C
V=
V

8
3x10

2 .4z
1.2410

m
x8S

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) totheo medium (water),
then using the relation v =Af/ where f is the frequency aridis 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= fAa(for air)
andv=fo(forwaterorgassy .. 34
Now one can obtain an expression between waveksohthiractive index as:
A n
4, N
1 =n=_2 (3.5) For air (vacuum) at normal
pressure, the value of refractive index is #
1.000293.
Or
nz=n= A
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Whereliis the wavelength of light in vacuum (air) akads the
wavelength of light in another medium (water orsgha

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

~sini =n Snell’'s law of refraction (3.6)
sinr

Therefore, the constant in Eq. (3.1) is the reivacindex for two
given media. The average value of n taken for glasbout 1.5 and for
water is about 1.33.

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

sini n,- X

sinr —2_p, Ao

=N

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

Example 2

A beam of light of wavelength 550 nm traveling inig incident on a
surface of transparent material. The incident beskes an angle of 80
with the normal and the refracted beam makes ate ang4® with the
normal. Calculate the refractive index of the mater

Solution

Using the Snell’s law (see Eq. 3.7)

sSiNj_ph= M
sin r ny

Where n= 1 (for air), i = 66, r = 45

Substituting the values in
the above equation, we get

o sin 60
n2=rusin i/sin r =1x
sin 48

=1.732/1.414
=1.23
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3.2.3 Critical Angle

In section 3.1.2, you have already learnt that wheht rays passe
from water (or glass) to air (it means that the raypassing into
medium of lower refractive index), then the rayligiht bends awa
from the normal. Refer to figure 3.4. In t figure N1, N2and Nsare the
normals at point O, P and Q respectively. MO, M@ &Q are the
incident rays. When an incident ray of light MOilsts the surface
O, the refracted ray is OK with the angle of refi@t 11. But as the
angle of incidenceni water gets larger, so does the angle of refra
(see Fig. 3.4).

N1 N2 N3 N2

Fig. 3.4: When light travels from water to air, theangle of incidencez produce
the angle of refraction of 9¢ (r= 9¢°) is called critical angle,&; (i2=64.).

But at a particular incident angle, the angle dfation will be 9C as
shown in Fig. 3.4. Here, for (the light ray MP) tluegle of incidence,
the angle of refractiore = 9C°, the refracted ray travel along the surf
in this case. Hence, the incident angle for whighadngle of refraction |
90° is called the critical angle. The notation for icat angle is@..
Therefore, critical anglé@ is the angle of incidence for which the an
of refraction is 98

The mathematical relation between critical angle @@ refractive inde
5

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

3.3 Total Internal Reflection

Now you may ask a question: what would happen aident angle
greater than critical angles? You have seen in E#.that for inciden
angle less thart),, there will be a refracted ray. So, it is inteirggtto
know what happens to the raof light, if they fall at an incidence anc
greater tharg.. But if we look at Fig. 3.4 again for incident rdQ at Q
for which the angle of incidence iz. This angle of incidence is grea
than g, (isgreater thad,). It can be observed that the iis reflected
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back inside the water. There is no refracted ray dlthe 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 refrectndex. Now a day,
total internal reflection has wider applications.

o It is used in many optical instruments like bin@ssl

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

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

o Images can be transferred from one point to anaasiy.

o In surgery, these fiber optic devices are very floélip locate the
areas of body which are not accessible easilyxémene internal
organs of the body, these are used.

o Another application of total internal reflection iis submarine
periscope.

4.0 CONCLUSION

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

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

lie in the same plane. According to the Snell’s,léwe ratio of sine of
angle of incidence to the sine of the angle ofa@fon is constant for
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two given media. Later, we find that this const@snthe 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 travelsrfrone medium to
another, its frequency remains unchanged but iteleagth changes. If
niand reare the refractive indexes in air (vacuum) and naitglass,
then

Snell's law can be expressed as

Sin j_ N
sin r Ny

When a ray of light travels from glass (or watey)dir, the light ray
bends away from the normal as they pass into a umedf lower

refractive index. If the angle of incidence is subht the refracted ray
travels along the surface or the angle of refracis90, such an angle
of refractive is called critical angle.

The ray of light incident at angles greater thaa thitical angleéd; is
reflected back in water (or glass). This phenomemrcalled total
internal reflection.

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

5.0 SUMMARY

o Bending of a ray of light when it passes from onedimam to
another through a transparent surface is calledagdn.
o When a ray of light enters from air to water (oagf), it bends

towards the normal. When it travels from water dl@ss) to air,
it bends away from the normal.

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

C
Nn=

\Y

o The Snell’'s law can be expressed as
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sin j_ n
sin r

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

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

o The principal behind fiber optics is the total mm& reflection.

o The total internal reflection has many applicatiolilee in
transmission, surgery, periscopes etc.

6.0 TUTOR-MARKED ASSIGNMENT

1. A ray of light of wavelength 540 nm traveling irr @ incident
on a slab of transparent material. The refractivdex of the
material is 1.47. Calculate the wavelength of light the
material.

2.a) Do light waves of different colours all travelt the same speed in
glass? Explain.

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

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

7.0 REFERENCE/FURTHER READINGS

Nelkon and ParkerAdvance Level Physics 7" Edition. Heinemann,
British Library Publication.

Douglas C. GiancoliPrinciples with Application, International Edition,
4w Edition. Prentice-Hall.

W.T. Griffith. The Physics of Everyday Phenomerfa:Conceptual
Introduction to Physics, 4" Edition McGraw Hill.

30



PHY 124 GEOMETRIC AND WAVE OPTIC:!
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1.0 INTRODUCTION

In Unit 3, we discussed about the refraction an@lsurfaces. In this ur
we are going to discuss refraction through a prisimch is a type o
glass block. In this casee glass block is triangular and it is calle
Prism. A typical cross section of a prism is shown ig.R4.1). It may
be equilateral if all the sides are equal or islesce two sides are equ

A _ Refracting angle

“""Angle of deviatio

Fig. 4.1: A prism

A ray of light PQ is incident on the face . of the glass prism as sho\
in Fig. (4.1). The ray RS emerges on the face A€rakfraction at C
and R (that is faces AB and AC respectively). Asgler and e are tr
angles of incidence, refraction and emergence otspé/. Also the
angle A is cakd the refracting angle of the prism or simply edlthe
angle of the prism.
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2.0 OBJECTIVES

After studying this unit you would be able

. differentiate between rectangular glass block apdsar

. distinguish refradon through a rectangular glass block an
prism

. define angle of deviation and minimum deviatioragdrisn

. solve problems related to deviation in pr

o Differentiate refraction between thin and normasims

3.0 MAIN CONTENT

3.1 Angle of Deviatior

If a ray XY is incident on the face AB (as shown in Fg2), it is
observed that the emergent ray RS is not parallEM. The original ray
has been deviated from its original direction bg tilass prism by a
angle of deviation d. The angle between thginal direction and th
final direction of the ray is called angle of ddioa. It is denoted by d i
Fig. 4.2.

Original direction of ra

Final direction of ra

Fig. 4.2: A prism

Refer to Fig. 4.2. It can be seen

Al L 0 o i ———— (41)
The angle of prism is equal to the angle betweem stvaight line
equals to the angle between their nor

Whereas the angle of deviation can be obtain

d = x +y (external angles of a triang|
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3.2 Minimum Deviation of a Prism

As the angle of incidenceis increased from®o 9, the deviation «
decreases continuously to a minimum v g, and then increases tc
maximum value whenis 9C°. This is shown in fig. 4.3

M

gle of deviatiol —p

o An

3
=]

L J

- 90°
Angle of incidenc —»

Fig. 4.3: Variation of angle of deviation d with amgle of incidence1

At minimum deviation the light passes symmetricéiisough the prisr
l.e. i=i2andri=r2

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

Also we know from Eq. (4.4), that
d=h—-ri+iz2—r2
S dmin=i-r+i-r=2i—-2r
dmin =2i-A (4.6)

From Eq. (4.5), we can wr

A
r= 5 e (4.7)

From Eq.. (4.6)pne can write

i=A+ dmin ... (4.8
2
Using the expression for refractive in
&)
U= .. (4.9)sinr

Substituting the values of r and i from Eq. (4.Ad&Eq. (4.8) in Eq
(4.9), we get the expression for refractive ir
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min |
=1 )
4 7 K..A\(4.10)

sin [ %—ZJ

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

Since 1 = i2 at minimum deviation, it means that minimum dewati
value is for only one angle of incidence.

Example 4.1

A certain prism is found to produce a deviation5if 0, while it
produces a deviation of 828 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 deematand the
refractive index of the material of the prism.

Solution

We know that

d=(1—r) + (i2—r) = (i1 +i2) — (rn+ r2)
Therefore, it can be rewritten as

d=(+i2)—A

The values are given as

d=6248,1=40 6, i2=82 42

Substituting these values in the above equation
462 48 = (40 6 + 82 42) — A

We get the value of the refracting angle A as

A =60

To calculate the angle of incidence at minimum dgon we use the
relation,

i= A + dmin
2
A= 600, Chin= 510 0
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i=60+520
2

i =55 30
The refractive index of the prism is given
L %églh( min |
e )y, =
o sintf A \| .
12)

Now substituting the values, we

+
60 10
Lo f\
glnr J
{
# (60 A
SIN| [
{ 2 )
w=1.65

3.3 Maximum Deviation of a Prism

The maximum deviation of a prism occurs when thgleof incidence
is 9¢. From Fig. 4.4 below, it can be seen that unlikeimum
deviation, the maximum deviation oas for two angles of incidenc
namely 98 and i.

Fig. 4.4:
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3.4 Grazing Incidence and Grazing Emergenc

As the angle of the prism (A) is increased, r alstreases and c
become equal to the critical an, and as such the angle of incidenc
90°. At this point the angle of the prism is the gesatangle for whicl
emergent rays are obtained and it is called thetitigh angle of the
prism. This is shown in Fig. 4

Grazing L

2re imiting
Soe. incidenct /ﬁangb
\}\ ’ /\ Grazing

Fig. 4.5

Since A =1+ 12, it is therefore follows that at the limiting anc
A=2C i, . (4.11)

Example 4.2
The refracting angle of a prism is® and the refractive index of tt
glass for yellow light is 1.65. What is the smallg®ssible angle ¢

incidence of a ray of this yew light which is transmitted without tot
reflection?

Solution

Fig. 4.6

From Fig. 4.6 above, it is required for one to akdte 1which in-fact be
the smallest angle of incidence without total intrreflection at thi
point B.

At the point B we an use the relation
1
# sinc
or

)
g

C=sn

36
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Wherep = 1.

65
4C=sin* [ 1 ﬁ
|

1
C=37.3%

Then A=n+C
62 =n+ 37.3F
ri=24.70

Also at the point A we can use the rela

siniy
Sin,

sini
1.64= 1 o
sin24.7

Therefore,
i1=43.58
3.5 Deviation by a Small Angle Prisn

If the refracting angle of a prism is very smaik &angle of incidenca
In most cases would also be small which implies tiha incident ra
would be nomal at the point of entry of the pris

Small angl

Fig. 4.7: Deviation by a small angle prisn
In figure 4.7, tis always smaller thau. It also follows thatwris small
and sin6 E 6 (for
any small angleg) , Sni. i
sin r r

Therefore the

refractive index

yEil 37
ri
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Similarly i2E p r2

The deviation of the ray is given by

d = (in— r1) + (i2- r2)
d = Lri—r+pre-r
d = w(ri+r2)-(rn+r)

On rewriting the above equation, we get

d = w—1) (ntr)

Recall from Section 3.1 that A ¥ 2

4 d=(@u-1)A (4.12)

Eq.(4.12) indicates that for a small angle prisne ttleviation is
independent of the size of the angle of inciderides 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 shdpenay be equilateral or
isosceles in shape. The angle at the apex of tlsnpiorming 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 emergdmeing different from
that of incidence. The difference between the timas 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 @asg/mmetrically
through the prism. This value occurs for only orsdue of angle of
incidence. On the other hand, the maximum angléhefdeviation is
known as the maximum deviation. Two angles of ianitk 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
90, in this case we have grazing incidence and ggaginergence.
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5.0 SUMMARY

6.0

7.0

A prism is a triangular glass block;

The angle of the apex of the prism is known asathgle 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 may the angle
between these directions is known as the anglewhdon;
Minimum deviation occurs for only one angle of ohent and
when this occurs the ray passes symmetrically girdhe 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) isapdndent of the
angle of incidence;

For a particular refracting angle it is possiblehhave grazing
incidence and grazing emergence.

TUTOR-MARKED ASSIGNMENT

Determine the angle of deviation of a ray by a glassm with a
prism angle of 3if the angle of incidence of the ray on the front
face of the prism is zero. The refractive indexhaf glass material
is 1.5.

Calculate the angle of minimum deviation of a prisimits
refracting angle is 60 The refractive index of the material of the
prismis 1.632.
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1.0INTRODUCTION

Just as reflection takes places at curved and arfaces, similarly
refraction can also occur at plane and curved sesfan the last unit, w
have discussed about the refraction through a ptishis unit we shal
look at refractio at curved surfaces. Fig. 5.1 shows refraction
curved surfac

Q /)

i
I
!
¥

; /
|
78 /
1
(b)

Fig. 5.1: Refraction at curved surfac
(@) Convex spherical refracting surfac
(b)  Concave spherical refracting surface

2.0 OBJECTIVES

After studying this unit, you will bable to:

. distinguish between refraction at a plane surfauk at a curvel
surfact
. state the equation governing the relationship betwhe imagt

distance V), object distance | ) and the parameters of the cun
refracting surfac
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o solve problems related tg 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 nuwed in which the
incident light falls on the surface beipg and that on the other side of
the surface being 2.

A light source ray that enters normally at the p&nvould pass through
undeviated and pass through the center of curvafurderight ray that
enters at any other angl&® (for example) would be deviated or
converged to intersect with a ray that passingugjnothe center of
curvature to produce a real image 1. If the surfaeee concave then the
refracting ray would diverge and if produced bacidsawould form a
virtual image as shown in Fi§.1 (b).

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

m it 7u21u(15 1) ’
\% r
Where
u = object distance
Vv = image distance
r = radius pf curvature of surface
i, 12 = refractive index of the two media

Note thatu 1, is the refractive index of the medium in whicle tight is
originally traveling before it gets into medium lvitefractive indexu 2.

It is to be noted that that we must use sign cotves if we are to use
this equation to a variety of cases. The side efsilrface in which light
rays originate defined as the front side. The othée is called as the
back side. Real images are formed by refractidmaick of the surface in
contrast with the mirrors, where real images aren&ul in front of the
reflecting surface. Because of the difference mation of real images,
the refraction sign conventions for v and r areagife the reflection
sign conventions.
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Just as in refraction the image formed can be gethor diminished an
the magnification of the image is given

m =V
Hu

The symbols have their usual meani

Example 5.1

One end of a cylindrical glass rod of refractivedar 1.5 is ¢
hemispherical surface of radius of curvature 20 rAmobject is place
on the axis of the rod at 80 mm to the left of ¥ertex of the surface (.
Determine the position of the image (b) Determine position of the
image if the rod is immersed in water of refraciiveex 1.3

Solution

. e
Hum_),\e r=20mn

”WMM,\WV\M’J

Fig. 5.2

(@) The object distance u =80 nr
The radius of curvaturer=20r

As earlier dscussed in unit (sign convention), if the side fi
which the light is coming is concave then r wouddrtzgative

Since the light ray is traveling from air to gl
u1=1 (for air) ancu 2= 1.5 (for glass)
Using the formul

Hi, M2 211
u v r

Substituting the values in the above Eq., wt

11.51.51
=+ =
80 v 20—

r = 120 mm(to the right of the curved surface)
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(b)  Sincethe glass rod is now immersed in walu1=1.33),
therefore

Hi, 2 21

u Vv r
1.331.51.91
+ =
B0 VvV 20

v=-184.6 mm

The negative sign indicates a virtual im
3.2 Refraction through Lense:

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

A lens is a portion of a transparent medium bounoledwo spherica
surfaces or ¥ a plane and a spherical surface. The variousstyy:
lenses are shown in Fig. £

)Gl

Biconvex Planazonve Bi-concave Plan@oncav:

(a) Converging lenses (b) Diverging lense

Fig. 5.3: Various types of lense
Generally, a converging or convex lenskes rays of light originatin
from a point come together at another point white tiverging ol
concave lens makes rays of light which pass thraugbint spread ot
or diverge.

3.2.1 The Major Features of a Len

A typical lens of whatever type has thajor features illustrated in Fi
5.4.
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/‘//Z\ \
¢ .\ < Principal axi
/

(a) Converging ler

(b) Diverging len

Fig. 5.4: Major features of a lens.
)] The Principal Axis

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

1)) Optical Centre

For every lens there is a point C through whiclsrafylight pass through
without being deviated by the lens. This pointafied the optical center
of the lens. (see figure 5.1)

iii) The Principal Focus

The principal focus F of a converging lens is tloepto which all rays

parallel and close to the principal axis converfijeraefraction through
the lens.

The principal focus of a diverging lens is the pdnom 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 grencipal focus is on the

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

4.0 CONCLUSION

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

m =4V
Hu

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

m_puzpel pa
u v r

A typical lens has an optical axis, principal axgncipal focus, center
of curvature. For a converging lens the light ralgse to the principal
axis are brought to the focus on the side of thes lehere as in a
diverging lens, parallel rays close to the printgpas diverge or appears
to come from the focus at the same side as thdantrays.

5.0 SUMMARY

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

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

o 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 spharish bowl 1m in

diameter. Determine the position and the lateragmiecation of the
image of the fish seen by an observer outside oiad. T he refractive

index of water is :
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MODULE 2 LENSES AND OPTICAL INSTRUMENTS
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UNIT 1 IMAGES FORMED BY A CONVERGING LENS
AND DIVERGING LENS (RAY TRACING)

CONTENT

1.0 Introduction
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3.1.2 Object at Principal focus
3.1.3 Object between F and the lens
3.2 Images Formed by Concave Lens
4.0 Conclusion
5.0 Summary
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7.0 References/Further Readings

1.0 INTRODUCTION

In Unit 5, we have discussed that refraction atir@ed surface gives rise
to image formation. That is, if an object is pladedront of a curved
refracting surface, the image of the object is fedmThis is also true of
a lens which, as we have also discussed in UnitoBsists of two
refracting curved surfaces.

In this Unit, you will study how images are formbg lenses (either
converging or diverging) for various object posigo This unit will

concentrate on using ray diagrams to determingotds#tion of images
formed by such lenses. As we have discussed abeutefraction. The
law of refraction is responsible to govern the hatraof lens images.
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2.0 OBJECTIVES

After studying this Unit, you will be able 1

o trace rays to locate the image formed by a coneeg for variou:
objects distanct

o trace the rays tlocate the image formed by a concave lens
various object distanc

o distinguish the differences between images formeddmvex anc
concave lensi

o solve problems associated with images formed bweorand

concave lenses using ray trac

3.0 MAIN CONTENT

3.1 Images Formed by a Convex (Converging) lel

In this section discussion is on the image formed & convex
(converging) lens. Here, we are going to look atvhlibe image of a
object is formed by a convex lens for the threéedgnt object positic
discussed below. The method is illustrated in Big.(a), 5.1 (b) and 5

(©).

In using the ray diagram to determine the positvérihe image of a
object formed by a lens either (convex or concaaeggt of rules, simil
to rules that govern the lection case, exist. These are as follc

(1) a ray parallel to the principal axis incident oreaide of the len
is refracted to the far side of the lens through thr focus a
shown in Fig.51 (a

B
/ F\
Fig. 5.1 (a): A ray parallel to the principal exis passes through the
focus on the far side of the len

]

(i) A ray passing through the near focus on oxle gmerges parall

P

to the principal axis on other side as shown inFig(b)

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

Fig. 5.1 (c): A ray incident dong the optical centre of the line is
undeviated and passes to the other side without al
deviation.

As it will be seen in the case discussed belowpudeeof any two o
three rays is sufficient to determine the locatmil magnitude of th
image.

3.1.10Dbject Placed at Distance Greater than

|_J

;

02 T

F—>Object distanc <—
F—>Image distanc <

Fig. 5.2: Shows the image formed when the object qiled at a
distance greater than 21

Fig. 5.2 shows the ray diagram for the image forimga convex lens ¢
focal length f, in which object OP is pld at distance greater than
from the lens. Ray PQ which is parallel to the @pal axis is refracte
through the principal focus to give ray QR. Thee tAy PC which i
directed towards the optical center C of the lemough the len
undeviated to ige ray CR. The two refracted rays QR and CR it
at R to form the image IR. So, therefore IR givas magnitude of th
image and CI the image distance and OC is the bbljstance so th
magnification M as earlier defined eque

M=IR=CI = Image distance

R
OP OC Object distance
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It can be seen from Fig. 5.2 that the image forhedlis real, invertec
and magnifiec

3.1.2 Object Placed at the Position .

P > Qﬁx\\
A = !
| |

o T ; T
2f !

K

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

Fig. 5.3 shows the ray diagram for the image forimgd convex lens ¢
focal length f when the object distance is 2f. Twe rays considered a
similar to those in Fig. 5.2. It can be seen froig. 5.3 that the imag
formed is real, inverted, a of unit magnification. That is, the size of
image is same as that of the obj

3.1.3 Object is kept at Principal Focu

Fig. 5.4: A ray diagram for an object placed at 1

Fig. 5.4 shows the ray diagram for the image forrmgd convex len
when the object is kept at focus which is at foealgkth f. Considerin
just the two rays either discussed above, ray R@llphto the principa
axis is refracted through the far focus to give @y On the other han
ray PC goes through the optical tre of the lens undeviated on t
other side. Thus, we have a set of parallel raysrgimg on the othe
side of the lens. Since parallel rays (lines) oobnverge infinity, i
applies that the image formed under this condit®at infinity. Thus,
the mage formed by a convex lens, when the objectasqal at th
principal focus, is at infinit

50



PHY 124 GEOMETRIC AND WAVE OPTIC!

3.1.4 Object kept between f and the Lel

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

Fig. 55 shows a ray diagram for image formed by convasg ighen the
object distance is less than the focal length & l#gns. Ray PQ |
refracted to give ray Qf while ray PC, as usual, uisdeflected
Consequently, the emerging, (refracted rays) devemgd apear to come
from point R consequently given rise to image

From Fig. 5.5 it can be seen that the image IRii&ial, erect anc
magnified.

3.2 Images Formed by Concave Ler

Fig. 5.6: Image formed by a concave ler

Fig. 5.6 shows the ray diagm for the image formed by a conce
(diverging) lens. As can be seen from this figuratta ray PQ, parall
to the axis, diverges at the other side of the &dtex refraction to giv
ray QR, ray PC through the optical center of thes Ipasses throucto
the other side of the lens without any deviatiomnék, the image

formed by the intersection of the apparent soufcth® divergent ra
(dotted line) and ray PC.

These two rays intersectR. therefore]C gives the image distance a

IR gives themagnitude of the image. As before the magnificabbthe
Image can be written as
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M=IR=IC
OP OC

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

Also it hasbeen found that irrespective of the position of @Hgect, the
shape of image and type of the image formed arayahe sam

Example 1.1

An object 3 cm tall is placed 30 cm in front of@neex lens of foce
length 10 cm. Determine using a ray diag

(1) magnification of the imag

(i)  the image distan

Solution

Choose a suitable scale e.g. 1 cm =!
Q

p
o M |
1

>lucm «<—

Fig. 5.7

4 The object distance OC = 30 cm= 6¢m (in chooset)
Object height OP= 3cm =0.6cm ( in choosen |
Utilizing the above information, the resulting rdyagram is show
in Fig. 5.7. IR as indicated earlier is the magiétwf the image al
OC is the otect distance.

So (i) Using the definition of magnificati

M=IR
OoP

Which means the image is diminished, it is redungdalf.

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

If the object in example 6.lbove is placed 15 cm away from lens, w

will be
(i)
(ii)

l_J

the height of the new image form

the new image distanc

Q

i
I

v > cm £ G
1cm
K
Fig. 5.8 IR =1cm=5cm
IC=5cm=25cm

Solution
Refer Fig. 5.8
0] The new height of the image = (1.0 x 5) cm =¢

4The new magnification 5.0cm = 1.67 cm

3.0

(i)  The new image distance = (5 x 5) cm = 2¢

So that there is a magnification 1.67 times whiodams th

image is enlarged.
4.0 CONCLUSION

The image formed by convex and concave lens caletegmined by ra

tracing

for various object distance. For obtainingsth@nages, the bas

rules to be followed are;

(i)

(ii)

Rays parallel to the principal axis incident to fleas on one
side of a convex lens are brought to a focus orother side o
the lens after refraction the lens. For the concave lens, on
other hand, the rays are diverge from the same agld¢he
incident parallel rays are appear to be brougta tocus on the
far focus.

For a convex lens, rays emanating from focus on side
incident on the one <e of the lens emerge parallel to -
principal axis on other side. For a concave lenshsays art
reflected on the same side parallel to the prindgmaus
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(i) Light rays directed to the optical centre die lens (whether
Convex or Concave) pass through the lens to theroside
undeviated.

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

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

When the object distance for a convex lens is thiefjmage 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 deteentire images formed
by concave and convex lenses. The three rules giogethe rays are
summarized as in Section 3.1 above. The charaitsrif 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
(iii)  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 nwiige 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 irrespectivis aibject distance is
always virtual and erect and upright. It may beidisihed or enlarged.

6.0 TUTOR-MARKED ASSIGNMENT

1.a) A convex lens with focal length 15 cm is pthd® cm away from
the object 2.5 cm tall (a) Determine the positiod ¢he size of
the image.

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

7.0 REFERENCES/FURTHER READINGS

Nelkon and ParkeAdvance Level Physics. British Library Publication.

Kenneth .W. FordBasic Physics. Toronto London: Waltham
Massachusetts.

Mark .W. ZemanskyCollege Physics. London: Addison — Wesley.

Shortley and WilliamsPrinciples of College Physics. Englewood Cliff
New Jersey: Prentice Hall Inc.
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UNIT 2 LENS FORMULA AND SPECTRA

CONTENTS
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3.4  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 formeddmyvex and concave
lenses for different object distances. The samd kihinformation can
be obtained using the lens formula.

This equation relates the focal length f to theeobglistance u and image
distance v of a lens to the refractive index ara rddii of curvature,ir
and e of the curved surface of the lens.

Also, there is another equation that relates talflength of a lens to its
refractive index and the radii of curvature of tames, this law is known
as the lens maker’s law. You will know more abdwgse 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 colo@omponents by a glass
prism. As you will see in Section 3.2, dispersismalated to the angle of
deviation i.e. dispersion is due to the fact thia¢ tvarious colour
component of white light are associated with ddfer angles of
deviation while traveling through glass prism. kiddion, 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 mathematicatioekship linking the
focal length of a lens (f), the object distancerirthe lens (u) and image
distance from the lens (v).

This relation is given as

i=2lx (2.1)
f v 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, Eq. (2.1) can
be used to determine the third unknown parametensé€quently, this
equation can be used to derive the same piecadafmation obtained
in Unit 6 by ray tracing.

3.2 The Lens Makers’ Equation

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

Now in this section, we will derive an expressionthe focal length f of
a convex lens. Here, it is assumed that the rdy ¢al the flat surface of
the lens and these surfaces at which a ray emeérieaves similar to the
surfaces of a prism. So, we will use prism formtdadetermine the
deviation d.
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Principa
axis 7

S8 Fig. 2.1(¢)

IPVERY
= B . \}./
Fig. 2.1(b

When a ray of light enters a prism, it deviatest tidbe the angle c
deviation of light from a small angle prism. Theahangle of the
prism is A. Letu is the refractive ridex of the glass. Then tl
expression for the deviation of a ray passing tghoa prism can b
written as

But from Fig. 2.1 (a), it is observed that the tighys are parallel to tf
principal axis. To focus these light rays on focal point f, each ray i
deflected by an ang®0, then

d= :' ..... (2.3)

(here the value @ is small <15)

It means that all light rays do not hit lens too fiem its centre. It i
also known that a transparent material whose sairigspherical vl
deflect light rays according to Eq. 7.3 i.e. wilake useful len

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

Pz(yll)A
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Rewriting the above equation in another form, wk

1=p,l
CTRC Y . (22)

from Fig. 2.1 (b), it can be seen thiand pare the radius of curvatu
and

d=a+p (2.5) (The sum of two interiol
opposite angles is equal to the exterior anc

andd=A . (2.6

Now substituting Eq. (2.6) in Eg. (2.5), and alsb<situting the value:
of

h
a= and g h
I, P)
we get
n n 1
u=—and f=— Wi A 1+ e (2.7

Substituting Eq. (2.7) into Eq.( 2.4), we

1 =1+ ]1

( u
<f;2r. f |

) 1
8 ) ) )
So, now you can see a relation between focal leoghlens in term
of its refractive index ancadius of curvature. Now, it can be seen fi
the Eq. (2.8) that to obtain a short focal lengthd lens should have

small value of rand e and refractive index of the material should
high. The Eq. (2.8) is known as the lens makerigaéqn

It can also be noted that the values of the radii of&ure of the twc
spherical surfaces, which a lens of required feaadth should have, c¢
be determined by using this formula. Then the twdages of glass ce
be given the calculated value of theii of curvature. Hence, the lens
produced will possess the required focal ler
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Example 7.1

A pin is placed 40 cm away from a convex lens chfdength 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 Eqg. (2.1)

On rearranging the terms on either side, we get

1.1 ;1
v fu

Now substituting the given values

I

v 1 40
1813 g
V. 120 120
L 5
v 12C
4v=24cm

But Magnification is defined as
M= v
u
Again substituting the values, we get

40
24

4 M=1.67
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Intensity and colour are the two properties of ighhe colour of thi
light is related to the wavelength or frequencyha light. The intensit
(brightness) of light is related the square of the amplitude of the we
The visible spectrum to which our eyes are sermsiias in the range «
450 x 10°m to 750 x 10m . Within this spectrum lie the differe
colours from violet to red. Light with wavelengthaster than 450 x e
is called ultraviolet and light with wavelength gter than 750 x T°"is
called infrared. It is to be noted that human eges not sensitive t
ultraviolet and infrared.

In your physics course earlier, you come acrosk thieé prism. A prisn
is a trangle (wedge) shaped piece of transparent mate&e up o
glass. So, what happens if while light from a seust passed throug
this prism? Let us discuss abou

3.3 Dispersion and Spectr:
It is found that if white light, such as light frotine sui, passes through

prism, an elongated coloured patch of light is wmigtd on a scree
placed behind the prism as shown in Fig.

%hoyrs arra ( G jnta o, \ilied red light ray:
hamn he’leasy’ of deviation and the vi :

angle of devidli
colours comblned but because each comgt colour has differer
speed in the glass medium. However, in ordinarythe speed of eac
of these components is virtually the same and thesgonents cann
be differentiated as they travel together with enocwn speed. Howeve
in a medium like glss these components travel with different speee:
red travel with the fastest speed and violet isslogvest) and therefol
they are associated with different angles of demmat(Also we have
learnt that light of different wave lengths bentdéferent angles whe
falls on a refracting material. The index of retfrac of material depenc
on the wavelength.) Therefore, the component spitts their different
colours as they travel through glass and sepatheed/hite light into its
various colours
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The wavelength of red light in air is 750 x °m (the longest
wavelength) and violet light has a wavelength in4&0 x 1(°m (the
shortest wavelengtt

As shown in Fig. 2.2, a band of impure colourshtamed in a screen
S. The separation of colours (red, orange, yellgkgen, blue, indig
and violet) by a prism is called dispersion. In slien words, the
spreading of white light into the full spectrumcilleddispersion The
formation of rainbows is a natu example of dispersio

The prism alone produces what is called an impyectsum ol

continuous spectrum in which different colours d¢aer Therefore i
order to produce a pure spectrum, the set upst@sn in Fig. 2.:

Screel

Pure
%pectrur

of light

Fig. 2.3: Two convex leses in addition to the prism to obtain pure
spectrum.

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

3.4 Spectre

Spectra ighe study of wavelengths of the radiation coming foom a
hot body. There are two types of spectra, the eomsspectra and tr
absorption spectr

Emission spectr:

When an atom is heated, it's electrons gain theematgy until it gets t
the excitedstate. And within a very short time, the electram go bacl
to a lower energy level, thereby emitting energyhi@ form of photons
For example, iron has 400 different wavelengthgsnspectrum, but
very element has a unique spectrum charactel of it's atoms.
Consequently a study of the spectrum of a substanaele
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its composition to be readily determined. Spectpgas the analysis ¢
mixtures or compounds by a study of their spe

3.4.1 Types of Spectra
1. Line Spectra

This is the type of spectra obtained from atomanotecules and i
displayed in the form of lines. The line spectriobtained when a g
Is heated or a large electric current is passemligir it. It is important t
note that, only ertain wavelengths of light are emitted and thease
different far different elements and compounds.sEhines are actual
the image of the narrow slit of the spectrometewimch the light is
incident. These lines occur in series as showharfFg 2.4 below.

W/

Series of lines

Fig.2.4: Line spectra for series of line

The various series and their wavelength

1
Lyman seriepd =RL 14 | =23,
12

Balmer Series/ilz RL ; Iﬁl\
] )

Bracket seriesi Rl —14\u=345 ..
4
(Paschen Series- RLI1 1 1
u
n=5,6

where R is a Rydberg constant = 1.097 7m-1

2. Band Spectra

This is the kind of spectra obtained from molecwdesl it consists c
bands (fine lines) shargtom end and at the other end as shown in
2.5.
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/a4

Fig. 2.5: Band Spectra

3. Continuous Spectr

This is kind of spectra obtained from solids amglidls. Since the aton
and molecules are closely packed, there iction exists betwee
neighboring atoms, such that all radiations ofedé#ht wavelength ai
emitted. For example, light bulb filament producas continuous
spectrum.

4. Absorption Spectra

When a white light (for example a continuous speulr is passe
through a sodium, the flame absorbs from the light, aelength eque
to that which it can emit at that state (tempemigturhis will produce |
dark line with in the continuous spectrum when adwwith a
spectrometer. This dark line is a natural chargtic of the absorbin
substance (sodium). Also atom and molecules abggitb at the sam
wavelength at which they emit light i.e. if we loak sun’s continuou
spectrum, it will contain a number of dark linedlexd absorption lines
This kind of spectris called absorption spectra.

Example 2.2
When an object is placed 10 cm away from a lens found that th
image formed 5 cm behind the object on the same sidhe lens (i
Determine the focal length of the lens (ii) the mi&igation and (iii) typt
of image.
Solution
(1) The object distance, u =10

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. 2dnie=
1=111
fuv

That is on inserting the values of the parameteesge

1=111
f 10 15
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i.e
1=1
f 30
4 f=30cm.
(b) Since the sign of f is positive, the lens concemrmet be
convex one as by convention,convex lens has positive foc
length.

Magnification,M= v
u

But v is negative, therefore the magnificatic

4 M1 15
10

M=-15

Actually, the negative sign of the magnification, &hd the imag
distance, v shows the image is virt

Example 2.3

The curved face of a planoonvex lens of refractive index 1.5 is plac
in contact with a plane mirror. An object at a diste of 20 cm coincide
with the image produced by the lens and reflectthbymirror. A film of
liquid is now placed between 1lens and the mirror and the coincid:
object and image are at 100 cm distance. Deterthmeefractive inde:
of the liquid.

20U cir
l Planc-conve)

/

— -
707 Eiri7rir77y
Fig. 2.6(a
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T

uuecm=|

F2 e
I777 777777777777
Fig. 2.6(b

Solution

In Fig 2.6 (a), the rays reflected by mirror aregtlal. Therefore, the
would converge at the focus of the overlying lens afteflection.
Similarly, when the space between the lens andnineor is filled with
liquid the reflected rays converge at the jointu®of Plano concave le|
formed by the liquid and the existed Plaronvex lens after refractic
through these two lens

This implies that1= 20 cm, f = 100 cm.
Relating the focus lens to their joint focal (1

-1 1
ff o1 f,
-1 1

ff. fo

f, 100
L1

fo 25

4f2=-25 cm

The negative sign indicates that the lens is aaontens

A Plano —concave has a negative focal length. Using ths maker’'s
equation for the Plan— convex lens, we have
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I 1)1 1)
L B

1 2

hence,u is the refractive index of the glass for the Planavex lens
Is infinity (r2= ) because one of it's surfaces is flat.

1 - 1+1)
4 —20(1'511)4Lr1 |)

=(1.5] 1?1 \Isince 1:Oj

Therefore, 1= 10.0 cm

Using the lens maker’s equation for the Plano-cead&uid lens, we
have

| 1 1)
= (ud L[ﬂ)

f, 1 2

wherep = refractive index of liquid

fo=-25cm
E1:10 m _
= '®:
1 1 0
ro

R 1
b =(ul D
u=0.6

4.0 CONCLUSION

The lens formulaid=1+1
f v u

Thus, if any two of the three parameter f, v, arare@l known, then third
one can be easily computed using the above Equalioerefore the
information that can be obtained about the objectimage distance
through ray tracing can also be obtained by usirgydquation.
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The lens maker’s equation

i il)|

f1

This equation relates a focal length, refractivde and the radii of
curvature of a given lens. Consequently, if we kramy of the three
parameters above we can always use the equataetdéomine 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 varioo®gr components have
moved through the glass prism at different velesitand are associated
with different angles of deviations. While red ligtas the least angle of
deviation, violet has the most angle of deviatidhis gives the colour

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

appear distinctly in fine lines.

5.0 SUMMARY

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

o The lens maker’'s equation relates the focal lentph,refractive
index and the radii of curvature of a given lens.

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

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

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

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

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

1. Determine the radius of curvature of the convexXate of a
plano convex lens if its focal length is 0.3m ahe tefractive
index of the material of the lens is 1.5.

2. An object placed 45 cm away from a lens forms asagenon 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 size ofdbgct is 15 cm.
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1.0 INTRODUCTION

We have learnt about the lenses in earlier unital ¥an recall that how
different kind of images are formed when the objedtept at different

positions. Eyeglasses are now a day commonly usembrrect visual

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

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

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

image of an object being viewed is formed on th&naein 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 madgbects of eye are far
— sightedness, and short sightedness. They areectedr using
appropriate convex or concave lenses which arellysuarn 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 theiecbons.

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:

Aqueous =
Inunor

Vitreous
Liunon

Ciliary
muscle

FOL

Retmal
w5 arteries

Cornea .
S AN and veims

i
Crystallme ™ o
lens Tl SR

Fupil ——

_Optic

Tris 1erves

Fig. 3.1: Main parts of human eye

The cornea is the transparent part of the eye. lime which
enters to the eye passes through it. It serves asoictive
covering to the parts like pupil, crystalline legts. and also partly
focuses light entering the eye.

The iris which acts as a muscular diaphragm ofaléei size that

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

iv)  The eye lens which is supported by the ciliary’ssotes and its
function is to focus light entering the eye onte ttetina. The
action of the ciliary’s muscles alters the focaldéh 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. The rsessitive
spot of the retina is known as the yellow spot aisdleast
sensitive portion is the blind spot, which is wh#re optic nerve
leaves the eye for the brain. An image is perceilé@ retina in
the eye works in the same way as the film in a camkg is
interesting to note that our brains interpret tlgeot scene as
right side up.

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

vii)  The aqueous humor is the transparent liquid betweeihens 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 artige aqueous and
vitreous humor and the lens. The rod and cones knasvreceptors,
when stimulated by light, send signals to the bthmough optic nerves
and where an image is perceived. They form an idea inverted

image of an external object on the retina. Theneetiransmits the
impression created on it by this image through dp&c nerve to the

brain. The brain then interprets the inverted imagebeing vertical in

reality.

The focal length of the eye lens is not constahte $hape of the lens is
altered by the action of the ciliary muscles toatita convex lens of
appropriate focal length required to focus the ctbygewed (far or near)
on the retina. The ability of the lens to focusrmar and far objects is
known asaccommodation.

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

regard of eyeglass or contact lenses. It is impottaknow that they use
inverse of the focal length to determine the stileind 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 feadth. The power of a
lens is measured in diopter (D). For example, witienfocal length is
1m, the power of the lens is 1D.

P ..(3.1)
f
Hence the power of a lens in diopters is givenheyexpression
p_ _10C
flar )

Here the focal length is taken in centimeters.

The power of a converging lens is positive whilattaf a diverging lens
IS negative because their focal lengths are pesi@and negative
respectively,

Example 3.1

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

Solution

40 cm

Example 3.2

Determine the power of a concave lens with foaagtle 20 cm.
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Solution

100 100

f 20,
® f [ 5cm

Many of us encountered with the visual problems Ililearsightedness
and farsightedness. Most of us use glasses at pomeof time in our
life. In section 3.1, various parts of eyes andirtiianctions were
discussed. It was mentioned that focused image afgect is observed
on the retina. But sometimes the image of the olgecot formed on the
retina because the lens in the eye does not fbeusght rays properly on
to the retina. Hence, we are not able to see properthere is some
defect observed in the eye. Now in the next sectetnus discuss about
the eye defects and also learn how these defettisecaorrected?

3.3 Eye Defects and their Corrections

The closest distance a normal eye can see an otdgsntly (without
accommodation) is called “theear point or the least distant of distinct
vision”. The near point is the closest distance Wdnich the lens can
accommodate to focus light on the retina. Thisagise is equal to 25 cm
for a normal eye. This distance increases withatipe It is mentioned in
the literature that it is about 50 cm at age 40 tan800 cm or greater at
age 60.

The farthest distance a normal eye can see antabj@alled thefar
point and is at infinity for a normal eye. Therefore,eagon with normal
eye can see very distant objects like moon.

3.3.1 Farsightedness (hyperopia)

In farsightedness (or hyperopia), a person can llyssae far away
objects clearly but not nearby objects. The lighysrdo not converged
by the eye on the retina but focuses behind thearelHence, 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 lens setedbe

placed before the eye. It help in converging furth®re 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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Near s Y Image is formed
R behind the retina

Objeoen

%4 formed a
I'\retina

H;:u' . _—‘_L =g
pousnd ;N N\

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 tivearebjects at the far
point but can focus on the nearby objects, therptitson is said to be
suffering from nearsightedness (or myopia). Usutlllg problem arises
with the people who do a lot of reading. Fig. 3@} shows that for
nearsighted person, rays from a distance objectsfapeised before
getting to the retina.

Correction

The type of defect can be corrected by using a aamdens placed
before the eye (see Fig. 3.3 (b). It can be sedfign3.3 (b) that the
concave lens diverge the rays from distant objefbre getting to the
cornea and thereby enabling the natural lens oéyleeto focus the rays
on the retina.
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Image formec
before the retina

Rays coming
from far point

YEE
AT
i

()
Fig. 3.3 (a): Nearsightedness

Concavi {7
lens (
Parallel ray ‘3 .

e

//N; Focusec

carrect image

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

Example 3.3

A man cannot see clearly objects beyond 100 cm frisneye. Calculate
the power of the lens he needs to see distanttodigsrly.

Solution

Since the man cannot see beyond 100 cm, it imf#iegshe is
shortsighted and would need a diverging lens foreobion.

For him to see the object at infinity, the lens hassure his object
distance to be infinity and image distance at 1@Qlecause the object
to man appear to be at 100 cm away.
4 u=
= - 100 cm (negative sign because lens is concave

f=2

Using the lens formula, we can insert the values
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1=t b Ly
f v u 10C

1= 1+0

f 100
f=-100 cm

Therefore, power

_ 100 dioptres

T10c

= - 1.0 dioptres
=-10D
4.0 CONCLUSION

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

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

The two defects of eye are farsightedness (or loyp&r and
nearsightedness (or myopia). In farsightednesspéngon 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 aldeaalistinctively objects
that are near but not those far off. In this caags from distant object
are focused by the lens before the retina. A camdaws is used to
correct this defect.

77



PHY 124 GEOMETRIC AND WAVE OPTICS

5.0 SUMMARY

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

The image formed by the eye is inverted just like one 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 farsightesn€his defect
occurs when light from far objects are focused hehhe retina.
The defect is corrected by introduction of a conlas before the
eye.

Another major defect of the eye is nearsightedn€bs defect
occurs when light from distant object are focusedofe the
retina. The defect is corrected by the introductddra concave
lens before the eye.

6.0 TUTOR-MARKED ASSIGNMENT

1.(a) Calculate the focal length of a lens of po:€rD.

(b)

2.

Explain, how a normal eye produces a sharp @hag

What are the two defects of vision? How they lsarcorrected?
Explain with diagram.
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UNIT 4 OPTICAL INSTRUMENTS
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1.0 INTRODUCTION

In earlier units, we have studied about reflecaml refractions and see
how the rays are reflected and refracted. ThenJeamt about lenses
and studied that these lenses can be used to geneediverges the rays
from distant objects. These lenses focus light@oduce a sharp image.
In the last unit, we discussed that how lensesuaesl to correct the
defects of vision. Now the question arises: canmake use of these
lenses further? Yes, we can, in the form of micopsg telescope, which
you may have come-across in your earlier schoosigkycurriculum. In
this unit, we will study about the further use @nses in optical
instruments like microscope and telescope. You aldb learn that how
the combination of lenses form these optical imagnts.

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

magnify the size of the objects which cannot benseg naked eyes
whereas telescope is used to view the distant bbjgth 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 wé stildy in detail
about these two optical instruments and also lak they operate.
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Eye lens

Image
formed

Fig. 4.1: Size of the image on retina, q and angb subtended n eye.
2.0 OBJECTIVES
After studying this unit you will be able

define visual angle and angle of magnifica

distinguish between microscope and the teles

explain how the microscope funct

explain how the astronomical telescope functionsnormal
adjustmer

o explain how the astronomical telescope functiongmwits image
Is formed at near poir

3.0 MAIN CONTENT

3.1 The Microscope

Before discussing the details of simple microscojrst we briefly
discuss about visual angle subtended by an t at the eye. This i
because in the optical instruments like telesc@vebs microscopes, w
are concerned with the visual an

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

The length of the image q formed by the eye is propodl to angle
0 subtended at the eye by the object. This anglalisc:the visual angl

Using the relatio

Angle =Arc
Radiu

q=pd

4q is directly proportional t0 (as p is constant)
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This shows that the visual angle is directly projpoed to apparent si:
of the object.

Optical Instruments such as telescopes and micpescare designed
increase the visual angle. The resultant effet¢hisfis that the irage of
the object formed on the retina becomes much big¢jggen it is wher
these instruments are not used to view them neage formed on th
retina when these instruments are used become mmagmified thar
when they are not used.

Now in our next substions you will learn about simple microscope
compound microscope. First, we will discuss abohe tsimple
microscope in normal use and then simple microscefl image
infinity.

3.1.1 Simple Microscope (in normal us:

\

N N %
0 = visual angle

Fig. 4.2: Object move frim N to N

Fig. 4.2 shows that two objects (of different siddN and VN are
subtending the same visual an6 at the eye, therefore appears to b
equal size. But in actual, the objects are of diiffe sizes and object M
is bigger in size.
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8 ___a >é? Q\‘\(}

Fig. 4.3: (a) The visual anglex Fig. 4.3 (b): « ' is the visual angl
without microscope subtended after using th
microscope

A simple microscope in normal use means that tregems formed at tr
near point as shown in Fig. 4.3 above. Here hasléhgth of the obje«
viewed at near point (it means at D). The visuales subtended are
(in radian) anda’ (in radian). Thea' is the increased angle when -
simple microscope is used to view the object gineffig 4.3 (b)

As you can see, magnified image is obtained whglerect and th
distance of image is equal to

The angular magfication is maximum when the image is at the |

point of the ey
The angular magnification in terms of visual ang

0(

Now, the values co and’ can be obtained from Fig. 4.3 (a) and

o =h/b anda ="/b

Therefore Eq. 4.1 bemes
h
M nh-’.D= - =j —VJ . (42)

Here u is the object distance and v is the in

distance. Since you know tl

1+1=1
uvf
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On multiplying the above Eq. by v and on rearragghre terms, we get

v=v]1
uf
Or
v=1DIl1
u f
v=1 (+1
D )
u %f jl
h'v \
4 IT:LI:IL(D-F:L ........... (43)
1f )

Substituting Eq. (4.3)
in Eq. (4.2), we get the expression

=1+ 1
SO
Nug‘nerically, magnification can be written as
= + 1

YN CERN ( 4 . 4 )

1f )

Eq. (4.4) gives the angular magnification of a mscope in normal use
and the negative sign is an indication that thalfimage is virtual.
Further, it can be seen that for higher angular mi@gtion, a lens of
short focal length is needed. You know that the leg® the tendency to
focus on an image formed anywhere between thepwat and infinity
by a simple microscope. So, now you will study aeotcase, 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 focusmimage formed
anywhere between the near point and infinity byngke microscope.
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i
N
WV
-ﬁ\

D
Fig. 4.4 (a

A simple microscope is an instrument which is usedee very sma
objects. As discussed in tharlier subsection (section 3.1.1) that, wh
it is in normal use, the image is formed at D (ledistance of distinc
vision)

Tl infinity

(b)
Fig. 4.4: (a) Visual angle when the object is pladeat the distance C
(b) Visual angle formed when the object is jaced near the
focal point.

A simple microscope with the image formed at infinneans that th
eye must be accommodated to bring the image taitpfas shown ir
Fig. 4.4 above

Where f is the focal length of a lens. The magaifmn M can be define
as

Eq. (4.5) gives an angular magnification with a nmscope having
single lens. Magnification can be further increabgdising one or tw
additional lenses. So, now we will discuss about ttompounc
microscope.
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3.1.3 Compound Microscop

A simple microscope in normal adjustment has itsgmfecation
numerically as
M D+ 1
f

A decrease in f implies an increase in angular nfiggtion. But in
practice, it is difficult to obtain a very smallTherefore two lenses ce
be used to increase angular magnification. This lems microscope i
known as the compound microscope as shown in Hdgodlow

Objective len

1 Eyepiece ler

(a)
oo
< D >
(b)
Fig. 4.4 (a) Compound microscope (b) compound micscope ir
normal use

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

The compound microscope essentially consists ofdarvex lenses ¢
focal length fand &in which ont of the lenses (of focal length)fis the
objective lens and the second lens (of focal lel,) is the eye piece
The objective lens is placed near the object beilegved while the
eyepiece is the lens near the eye as shown i4H¢n). { is the fccus
of the objective lens and the is the focus of the eyepiecel ib the
height of the image formed by the objective andlfinwe get image2
by an eyepiece.
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The lenses are arranged such that their sepaiatiess thanif+ f2. As
such the image of the object formed by the objedins is located from
the second lens at a distance less than the ferngiH of the second lens.
Thus the image of the first image formed by theomdclens must be
virtual and magnified. Consequently the final imdgemed is several
times larger than the object to the observer.

Now, the formula of angular magnification for corapa microscope is
given:b)Z L1

) v )
M _jD_.:_z_; ff | 1// ..... (4.6)

Therefore, from Eqg. (4.6), it can be noted thatsMairge for smallf
and . It means that if the focal lengths of the objeetiens and
eyepiece lens are both small, angular magnificatiidirbe high.

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

3.1.4 Telescope

The angular magnification of a Telescope is defiagthe ratio:

Wherea is the visual angle subtended by the distance bhjdbe
unaided eye and is the angle subtended at the eye by its finagema
when telescope is used.

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

3.1.5 The Astronomical Telescope in Normal Adjustnm
Astronomical telescope like compound microscopeasist of two
lenses: objective and eyepiece. The objective largk focal length and
eyepiece is of short focal length closer to theged is the focal length
of the objective while4fis the focal length of eyepiece.

86



PHY 124 GEOMETRIC AND WAVE OPTIC:!

objective Eyepiec

Image a_.-"" .-
infinity .-~

Fig. 4.5: An Astronomical Telescope in normal adjugnent.

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

In normal adjustment the two foa and £ coincides and it therefore
implies that the distance between the two lense + f2.

If ais the angle subtended by the unaided eyeo’ is the angle
subtended by the aided eye. Then, so anda’ are small the angul:
magnification of the telescope

n ./
m=2< 12
194 n i
A1
f
M = (-4.8)

f2

So from Eq. 4.8, the angular magnification is thgor of focal length o
objective to the focal length of eyepiece. For hagigular magnificatiol
the eyepiece should have a small focal length dopelcve should hav
high focal length.

Example 4.1

An astronomical telescope consists an objectiviocdl length 100 cn
and an eyepiece of focal length 4 cm. Calculate #regular
magnification of the telescope and also deterniieedistance betwee
the two lenses.
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Solution

Given

f1=100cm ,$=4cm
The angular magnification of the telescope is (REf 4.8)

M f 1
fa

100

4

25 ¢om

The distance between the two lenses&fb
=100+4 =104 cm

4.0 CONCLUSION
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The visual angle of an object dictates the sizéthefimage on the
retina. To increase the image size of an objesetbee required
increasing the visual angle of the object. Thisgsally done by
means of optical instruments such as the micros@pe the
telescope.
Angular magnification is defined a®l, «

a
wherea is the angle subtended by the unaided eyevarsithe
angle subtended by the aided eye.
The Compound microscope consists of an object &t an
eyepiece of focal length. &nd & respectively. These lenses are
separated at a distance slightly less thar f2. The image
formed by the objective lens serves as the objéatsthe
eyepiece. As the object distance for the eyepisdess thanzf
the image formed by the eye piece is virtual anidrged and
this is the image of the object seen by the eyas€qguently, the
image is magnified.
Also the telescope essentially consists of two e@nkenses of
focal length fand &. At normal adjustment the distance between
two lenses isif+ f2and 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

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

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

o The microscope has an objective lens and an eyepibe two

lenses are arranged in such a way that their smaia slightly
less thanif+ fo.

o In the microscope the image formed by the objedives falls
between the second lens and its near principakfoss such, the
final image formed by the eyepiece is virtual andasged.
Consequently, the final image seen by the eye ishnmore
magnified than the object.

o The telescope also consists of an objective ledsegepiece of
focal lengths fand & respectively. At normal adjustment, the
separation of the two lenses equals ff2 and the final image
formed is at infinity. Hence such telescope is gémdviewing
very distant (astronomical) objects at infinity.

6.0 TUTOR-MARKED ASSIGNMENT

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

7.0 REFERENCES/FURTHER REDINGS
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Massachusetts.
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1.0 INTRODUCTION

In the last unit, we discussed the different opticestruments like
compound microscope and telescope. Both theseabphstruments
consist of two lenses, objective and an eyepietedifberent focal
length. The astronomical telescope is used prigmé&sil viewing objects
at very large distances or astronomical bodies dilkes and the moon.
On the other hand, the compound microscope is tsadagnify the
size of the object. So, in these optical instruregmbjective lens
collects light rays from the object which is bouddw® the perimeter of
the objective lens. Therefore the lens acts asmtstthe light rays from
the object.

As the eyepiece is a lens, the objective lens s#sees as an object to it.
The image of the objective lens formed by the es@pis called the eye-
ring. When the observer places the eye at the iageef the instrument
(i.e. compound microscope or telescope) he recemasimum light
from the objective and consequently from the olpethg viewed.

In this unit, you will learn the principle and thhgdoehind the formation
of eye-ring. Also in this unit you will study abotwo other types of
telescopes. One of them is another type of astraabrelescope known
as the reflector telescope and second one is ghymesed to view distant
objects on earth and this type of telescope is knaw the terrestrial
telescope.

90



PHY 124 GEOMETRIC AND WAVE OPTICS

2.0 OBJECTIVES
After studying this unit you should be able

define and explain the e-ring

distinguish between astronomical and terrestriakt®p:
distinguish between reflector and the terrestabdgscop
explain the operatioof the terrestrial telescope
explain the operation of the reflector telesc

3.0 MAIN CONTENT

3.1 The Eye Ring

A Object len

Eye-ring

——>fi1+f «—
Fig. 5.1: Formation of an ey-ring

In the Fig. 5.1 as shown above, the rays are refdaicom the boundat
of objective lens to maké&he image atoin normal adjustment. The:
rays again refracted from the boundary of-lens and an eygng ab is
formed. The eyeing ab is the image of the object lens AB forméetha
eyepiece. It is the best position of the eye wheimgithe telecope
because maximum amount of light enters the obgas from outsid
thereby creating a wide field of view. At a distaratoser to the e-lens
than the eyeing, no further improvement in view is obtain

Using the lens equation for the above fi, one can obtained the val
of distance v from the eyeag a:

1__% 1

v (f1+f ) f2

On

rearranging the terms of the equation, we
V= f2 (T2 ) o (5.1
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4 Objective diameter: e-ring diameter Height of objec
Height of imag

=Distance of objec
Distance of Imac

Or

AB y=_ ‘W) fe (5.2)
ab v ff (f+f f2
1t 2)

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

M= f 1
fo

This implies that for the angular magnificatiorbi large, 1 must be
much greater thar

So, the angular agnification for a telescope in normal adjustment
also be expressed

M = diameter of objective
diameter of eyering ( 5.3)

3.2 Astronomical Telescope with Image Formed at Nee
Point

When the telescope is not in normal adjustmenétfgeneed
accanmodation to focus the image to a numerical disdd¢the leas
distance of distinct vision). This is shown in fig2 below

Objective
1

> f1 < > U < Eyelen

Rays fron
infinity

!
I
|
|
|
|
|
|
!
1
|
|
|
|
|

=====

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

M
a
Or in another form, it can be written

h f

=1 (5.4)

M=_u =1 e,
ns oy
/fl

But as you know that te value of u can be obtained using
the Eq.

1+1=1

uvf

Then

Substituting the value of u from Eg. (5.5) in Eg4{5 we get the

exprqséon for Snagnification

f2 Butas you know

f = M (angular magnificatior

1
This implies that angular magnification can alsonbiten a:

M = Diameter of objective
Diameter of eye-ring
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After studying about astronom| telescope with image formed at n«
point, we will now discuss another telescope knawithe terrestrie
telescope.

3.3 The Terrestrial Telescopt

Object
lens

<t2 —>

N
—
=

v

Fig. 5.3: A terrestrial telescope

Unlike the astronomical telescope used to viewadisbbjects ¢ objects
at infinity, such as the stars and moon, the tara¢$elescope is used
view distant objects on land. This means that itnportant for the fina
image to be erect. It therefore consists of anteigéens placed betwee
the object lensnd the eydens as shown in Fig. 5.3 above. The erec
lens is placed such that the center of curvatuiiesdéces coincides wit
the focus of the object lens. This is done so th@ angula
magnification of the instrument is retained andoalke fnal image
remains erect (recall that when an object is plagaedhe center ¢
curvature, the image formed is of the same sizbeasbject)

Despite the importance of the erecting lens, gadivantages a

) The erecting lens reduces intensity of lithrough the ey-piece.

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

Now, we will study another telescope, known asréilector telescope

It was first suggested by Newton. This telescopesists of a larg
curvedmirror as its objective lens. Let us discuss aliidutiefly.
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The Reflector Telescope

Light  plane
rays mirror N

L \;»&33&\ Eyepiec
M o

| Objective

Fig. 5.4: Newton Reflector Telescoy

Fig. 5.4 refers to a reflector telescope. An asinoical telescope wit
lens as its bjective is called a refractor telescope while #eotor
telescope has a large curved mirror as its obgeas/shown in Fig. 5.
above. It consists of a parabolic mirror of largeesas its objective
Because of its large size, the mirror collectge amount of light fron
distant planets and brought to focus to be phopdgrd. The advantag
of using this kind of telescope &

) It has a large angular magnification. Recall theregsiol
f
— 1
M “
Where, iis the focal length of the objecti.

As it is difficult to manufacture a lens with vearge focal length
there is a limitation to the magnification. Thisnche achieve
with a mirror; it is preferable to use a very langeror as the
objective.

1)) The telescope is free from chromatic «ation caused by e
objective lens.

iii)  There will be no loss of light due to absorptiord aeflection oi
light as on the surface of a le

Iv)  The large diameter of the objective increases diselving powe
of the telescope.

The resolving power of a telesct (the two distant objects ju
seem separated) is given

3 1
=, (5.8

-IPU

H
N
N

})

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

From Eg. (5.8), it can be observed that is inversely
proportional to resolving power of a telescopethé value of®
is smaller, then the resolving power is greatere Value ofo
does not depend upon the focal length of the albgdiut only
depends on its diameter.

4.0 CONCLUSION

The eye-ring is the image of the objective lensried at the eyepiece.
That represents the position at which the obsexyes should be placed
in order to obtain the maximum light from the oltjee 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 unitthe terrestrial
telescope. This type of telescope is used maintyviewing distant
object on the earth surface. The astronomical defes has an
additional convex lens whose sole purpose is toenthk final image
appear erect. The refractor telescope is anothm of astronomical
telescope. It has a very large concave mirrorsashfective rather than
a lens. The advantages of this type of telescoge ar

)] It has a large angular magnification;

i) It is free from chromatic aberration;

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

iv) 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
o The terrestrial telescope is a telescope used yn&inlviewing
distant objects on the earth surface.
o Te terrestrial telescope has an additional len<chvimakes the

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

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

o The advantages of the reflector telescope over rtbemal
astronomical telescope are its large angle of nfiggtion, its
better resolving power and its freedom from chrooat
aberration.

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

6.0 TUTOR-MARKED ASSIGNMENT
1. Determine the resolving power of a telescope,afdbjective of a
telescope has a diameter of 300mm. The mean wagthler the

light from stars is 6 x 10m.

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

3.(a) What is meant by angular magnification obatical instrument?

(b)  Calculate the angular magnification of a simplgtronomical
telescope in normal adjustment which has an obgeaif focal
length 120 cm and an eyepiece of 6 cm.

7.0 REFERENCES/FURTHER READINGS

Nelkon and ParkeAdvance Level Physics. British Library Publication.
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MODULE 3 INTERFERENCE AND POLARIZATION OF

LIGHT
Unit 1 Interference
Unit 2 Interference in Thin Films and Air Wedge
Unit 3 Newton’s Rings and Interference in Thin FBIm
Unit 4 Polarization of Light
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UNIT 1 INTERFERENCE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Wave Nature of light
3.2  Coherent Sources
3.3 Interference
3.4  Optical Path
3.5 The Young's Double Slit Experiment
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4.0 Conclusion
5.0 Summary
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1.0 INTRODUCTION

You know that light travels as a stream of pari@dad also in the form
of waves. Light is wave motion. However light is electromagnetic
wave, which vibrates at right angle to its directaf propagation while
sound energy is a mechanical wave, which vibratesthe same
direction as the direction of propagation. In otiverds, light wave is a
transverse wave of electromagnetic origin and sasra longitudinal

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

characteristic of wave motion that is the phenonwnaterference.

When two beams of light superposed, there intengties from point
to point between maxima and minima in the regiors@berposition.
This phenomenon is called interference. It meansedtin point, the
intensity exceeds the sum of intensities in themtzeand 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 aeduise of path
difference for constructive and destructive intezfee. The
interference pattern produced by waves originafirign 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 interferencakés 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 wavelengthgift
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 liga form of rays.
It has been found that in reality light is a forrhwave traveling in
straight lines represented by the rays. These wakedglifferent from
sound waves because sound waves are longitudiné Wght waves
vibrate perpendicularly to the direction of propéga Also sound
wave is a mechanical wave, whereas light is artrel@agnetic wave.

The human eye can see light of wavelength which hetween 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 lightjlev others have
longer wavelength then visible light. These inisilelectromagnetic
waves differ from visible light only in terms of welength and in the
ways by which they are produced.

Before studying interference in detail, it is nesagy to familiarize with

the terms like coherent sources used in interferggiienomena. Now
we shall first discuss coherent sources.
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3.2 Coherent Sourct

Let there are two interfering waves (light wavésjhese interfering
waves are produced rarmly, it means that they are out of phase \
each other (or there is a continual change of ph#dsen such sources
interfering waves are known incoherent source

Coherent sourcesare the sources which must emit light wave

0] same frequency or welength and

(i)  a constant phase difference or which are alwayphase witl
each other (and they must be traveling in the samsearly the
same direction

So, now in the next section we discuss in detdis phenomena ¢
interference produced by two caent sources.

3.3 Interference

Consider two waves originated from two coherentsesi of light A anc
B, of the same frequency (or wavelength) traveth@ same directio
and having a constant phase difference with thegggs of time. Th
resultant intesity of light do not distributed uniformly in spac
Therefore, no-uniform distribution of the light intensity due
combined effect (superposition) of two waves islechinterference.
Usually, it is found that at some points the intgnsf light is maximum
and on the other points, the intensity of lighmmimum. Refer to Fig
1.1.

Screel

T

K

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

Now, let us discuss the different types of intezfere pattern

The interferece is of two types: (a) constructive interferenbg
destructive interferenc
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(@) Constructive Interference

Constructive interference occurs when the effecttvad interfering
waves is additive at the point of irest. At these points, intensi
becomes maximum. The resultant vibration at thetpsi obtained b
adding them (their amplitudes). A bright ‘band’ laght is obtained a
these points. That is, they add up to give somgthagger thar
contribution fromeither source of the two sourc

Suppose we consider two coherent source A and Batigaexactly ir
phase as shown in Fig. 1.2, the interference effeah equidistant poil
T is constructive, and obtained by adding the dispinent of th
individual wave at the poir

Displacement

i~ =~
R N

(a) Wave from source A

Displacement

(17N VAN VAN
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘\/ Time-

(b) Wave from source

Displacement

PAAA

Resultant Wav

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

In general constructive interference would occuhd path difference,
at any point P is multiples of zero or whole numlvarelength that

d=r
Wheren=0,1, 2, ......... ST J 0] o TR AL

101



PHY 124 GEOMETRIC AND WAVE OPTIC!

On the other and destructive interference occurs when the rietteét
the point of interest, is the effect of one soumtiaus the effect of th
other source. Now you will learn about destructiterference in deta

(b)  Destructive Interference

The destructive terference occurs at some point where the intems
minimum. This is the situation in which the intedece effects i
smaller than that produced by the individual wawsfer to fig. 1.3. A
these points, a dark band of light is obtai

The path dference d for constructive interference can beegiby the
expression

f%n d=QM -PM :L+21|}1 ..................... (1.2)

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

displacement
’ ave from £

N R R Nfme

displacemer

NN N N waverome

N RN N N mes

| Resultant
‘ > (zero)

Graphical representation of Cestructive interference

Fig.1.3:

3.4 Optical Path

Consider a medium of refractive indp and its thickness is t. A ligl

ray is traveling from a point O (in air) to anothpaint A (in air) througt

a medium which is introduced in between this raytl& light ra partly

travels in air and partly in a medium introducedsen as illustrated i

Fig. 1.4. In interference phenomena, the opticahgpaf the coherer

light rays are found. The product of the refractimdex u and the path
length t is calleoptical path in the medium.
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Medium with
refractive index

O > —>—A

d <>
Fig. 1.4: Optical path i

Optical path =u t

When a glass slab is introduced between a ray f@oto A, then the
expression for optical path is given

Optical path = (d-t) . t
=d + (p -1) t (1.3)

This shows that the effect of introducing a mateah thickness t
refractive indexu is increased the optical path by - 1) t. In other
words, the air path OA is increased by an amop - 1)t due to the
introduction of the plate of merial of refractive index and thickness

Young had first demonstrated the interference giitliIn the following
section, we will discuss the interference produicethe Young tw:-slit
experiment.

3.5 The Young’s Double slit experimen

Screen

P

i

Source of
monochromathl
light |
S %l% O Bright banc
of fringes

AR

{l

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

light S. This ensures that the wave leaving A anar® coherent. It we
Thomas Young who first observed that if a transplasereen is placi
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parallel to AB, band of bright and dark imagesn@es) would b
formed in the region where the beams ove

At O, along the perpendicular bisector of AB, theves due to A and

are in phase. Hence, a bright d or fringe is formed. This is becat
the two light wave coming from A and B would havaveled the samr
distance at the point O. Bright and dark bandssatesequently forme
on either side of O. The bright bands occur wherend. where n =0, 1,

Sritire bfhMSHY HUNR BRNC S BHERRed wheri n

/
7

These conditions of dark and bright fringes havenbeiscussed earli
also.

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

3.6 Fringe Separation:
In this section you will see that the thickness étween two adjacel

bright or dark fringes and a is the distance betwbe slits A and B. D i
the distance of the slit from t screen and the wavelength of -

monochromatic light i. Refer to Fig. 1.6.

Fig. 1.6: The geometry of Young’'s experimen

In Fig.1.6, P is the position of the nth brighnfye, then the pal
difference at that point P is given
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BP — AP =BM = n.

Consider aA NPO, then

tan® = XD” ............. (1.4)
Similarly inA AMB,
sin = ”2 ................ (1.5)

In practice, D is large andXs very small, thu$ is small,
Hegge tara =~ sin®
n

4 =
D a

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

nAD

O r X n = ( 1 . 6 )
a

The distance of the next bright fringe from O igegi by X +1
Xnt1Z (NHL)AD oo .(1.7)
a

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

Hence the spacing Y between tieamd (n+1Y' fringes can be
determined by subtracting Eg. 1.6 from Eq. 1.7

Y = Xn+1— X,
Hence on substituting the values
Y = (n+1) 4D N0
a a
3 1/l 1 Dn/b
y= +
a a a

Therefore the expression for the fringe width is

AY Z 2D oottt . (1.8)
a

105



PHY 124 GEOMETRIC AND WAVE OPTIC:!

Therefore it can be found from (1.8) that the fringe width varie
directly proportional to D ancd. and inversely proportional to tl
distance between the slits a. Hence using the ssjore in Eq. 1.8, on
can measure the wavelength of light ea

Example 1.1

Young’'s experiment is rformed with sodium light of wavelength

589nm. Fringes are measured carefully on a scré@rcin away fron
the double slit and the center of the" fringe is found to be 11.78n
from the axis. Determine the separation of the giitc

Solution

A
C
hd

!
A
Data Given:
n=20,D=1m, ani = 589 X 10°m
4 The distance of the " fringe Xe0= 11.78 x 10m

Using the Eqg. 1.

nAD

Xn a

On substituting the values and rearranging thedewe ge

~niAD 20 x589 x10-9x10
Or a-=x i
20 11.78x10

4a=1.0nm
Example 1.2

Using red light, state the effect of the followipgpcedure on the
appearance of the fring

(@) The separating of the slit is decrea
(b)  The source slit is moved closed to the two !
(c) The screen is moved closer to the
(d) Blue light is used in place of red lig
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(e) One of the slit is covered up.

) The source slit is made wider.

Solution

(@) SinceY =iD

a
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 =iD

a
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 usBide wave
length of red light is longer than that of bluehligTherefore the
separation of the fringe would decrease because.

Y = AD
a
aSAblue< Ared

(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 woualerlap and

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

=

/

1/

Fig. 1.7
4.0 CONCLUSION

Light is an electromagnetic wave. It represents \fsble range o
electromagnetic spectrum. The wave Iis transversenature anc
therefore, vibratesin a direction perpendicular to the direction
propagation. The range of wavelength associatet light energy is
visible spectrum of electromagnetic we

Coherent sources are the sources of light which kght waves of (i)
same frequency or wavingth (ii) having a constant phase differei
between ther

An interference phenomenon occurs due to overlgpmimaves fron
coherent sources. Young's double slit interferepaeduces bright an
dark fringes when the two slits are close and wheheren
monochromatic light passes through th

For constructive interference, the path differendtehetween the ligt
waves from the two sources must add up construgtiv@is happer
when the path difference, d A where n =0, 1, 2,.............. wherel is
the wavelength of the ligl

For dark fringes to form, the light rays from theotsurfaces must a
up destructively at a point. This happens whenpiith difference
between the two light rays is equa

d :jrﬁ 2) A wheren=0,1, 2, 3,.......

The optical path in the medium of refractiyn and thickness t is givt
asu t.
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The separation between any two adjacent brightaok dringes Y
depends on the distance a between the slits A aidh&mathematical
expression is given by the relation

Y = AD
a

5.0 SUMMARY

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

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

o Young's double slit experiment demonstrates thestantive
and destructive interference when light from cohesmurces is
obtained.

o The bright fringe represent constructive interfeeewhich takes
place only when the path difference between lightfrom the
two sources is equal td.iwheren =0, 1, 2, ....... SO on.

o The dark fringe represent destructive interferemwbéech takes

place when the path difference d is equal to
d jb +%2 Awheren=0,1,2, ... S0 on.
Y

o The separation between any two adjacent dark ghbfiinges is

given by the relation Y D
a

6.0 TUTOR-MARKED ASSIGNMENT

1. Interference fringes were produced by a Youngtsnséthod, 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, theden
pattern was displaced by the distance equal toir@@st that
between two adjacent fringes. Calculate the rafradndex of
the material. To which side is the fringes dispthce

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 separation betwéhe first
and the sixth bright fringe is 3.0 mm when the wewrgth used
is 6.2 x 10m. 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 oériatence of light
waves but there the two interfering light waves @neduced bydivision
of wave-front. As an example, in Young’'s double slit experimemywh
inference pattern is produced from two cohererittIgpurces produced
by the division of wave-front by the two slits AdaB. but now you may
ask: Is there any other method to produce intentergattern?

You may have observed another set of interfereatienm in thin films
and Air wedge. In these patterns, two light beasrsvdd 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 (swea 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 liglflected 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:

o explain what a thin film is

) describe the origin of the interference patterrdpoed by a thin
film

o show that reflection of light at the surface of ioglly denser

medium is accompanied by a phase change df 180
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o explain what an air wedge

o explain how the air wedge forms interference pat

o solve problems associated with interference inthine 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 o
varying thickness i.e. a film which is not planergkel which is
produced by a wedge. Refer to Fig. 2.1. It consistwo nor-parallel
surfaces inclined at an an¢o.

Suppose a ray of light from a monochromatic soucstrikes a hal
silvered mirror and reflected onto an air we

Microscope or Ey

Monochromatir
source RiR
S 7 4 Half -silvered L
Mirror
| &
@edge

Microscop.W Foil or Pape
SlopeP Q
Fig. 2.1 (a): Air wedge Fig. 2.2 Magnified regior

of reflection

Light from a monochromatic source is partly reféztfrom the mirror
onto an air wedge. The air wedge is formed by macfj two
microscope slides at very small an® as shown in Fig. 2.1 above.

the region of reflection at the slides is magnifidte result is shown i
Fig. 2.2. It can be seen from Fig. 2.2 that some of the light

reflected from the lower surface of the top sliskel ome from the to
side of the lower slide. Both wave traina and F2 then combine



together and gives rise to interference patternsnvwhewed from above
the half silvered mirror by an eye or microscope.
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The two coherent sources are producdivision of amplitude. This is
different from the Young’'s experiment in which tls®urces ar
produced by division of wa-front.

3.2 Phaeg Change in Reflectio

There is a very significant fact concerning thdeefon of waves fron
the surface of higher refractive indu . The phase change af (or
180) occurs when the light strikes the boundary friwa side of rare
medium.

Hence, onecan say that the light reflected by a material @fhhbr
refractive index than the medium in which the rages travelin
undergoes a phase change (or 180). This phase change

equivalent to a path changezof . For example, dmarsiwo standin

waves as shown in Fig. 2 3 bels

N

B

FHTHTHTHTITT

AANANARNRNANANARNNAY

Fig. 2.3: Two standing waves having a phase diffemee ofx
It can be seen that the phase difference and jfé¢hethce between ti
waves A and B are respectiver (18F) and” .
2
3.3 The Air Wedge

Refer to Fig.2.4. Her® is the angle of the wedge. S is the diste
between bright bands. B an( are two consecutive bright bands.

As 0 is small, in trianglex ACA’,

A2

4tan0= —
S

Or 6=2¢ ... .
A

Also, the vale of taf can be found :
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tan0 =t
a

As the value 06 is very small. Therefore

t
oro= . 2.2
. (22)

4 A t= g (2.3)

2s a
A /
<
¢

Hereb is measured in radial

A

I rirrired
—

r—rx—>
B B

~ <
- d"‘h

Fig. 2.£
Suppose that the™ bright fringe is seen above A, one uld expect

that
2AB = mA

A
However there is a path changezof when light ieoééd from B, thu

2AB + 1 = m\
2

In general, the band is brigh

)
({%B:LI 21 2 (2.4)

And for dark band, the condition
2AB = mA Where m = 0, 1, 2 (2.)
If at A7, the (m + 1" bright fringe is seen then it follows that the @

path difference
2A' B -2AB =)\
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A'B -AB =\/2

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

Example 2.1

A wedge-shaped film of air between two glass plgigss equal spaced
dark fringes, using reflected sodium light, whicte ®.22 mm apart.
When monochromatic light of another wavelengthsedithe fringes are
0.24 mm apart. Calculate the wavelength of the rs¢smurce of light.

Assume for sodium light = 589 nm.

A _= A for the £'source
Solution: As we know thdt =

2S 25
Similarly, 6= 42
2S,
On comparing the above two equations
A=
4 T L2
2S 2s
12
_ A X
Or 2/7*‘ ——2 225 2
S1
On

substituting the values

A1=589 x 10m S = 0.024m, and S 0.022 m
We get

A2=589 x 10’ x 0.024
0.022
A2= 643 nm

4.0 CONCLUSION

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

In thin films, the interference results from thelitipg 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 refleti® accompanied by a

phase change of 186r = which is equivalent to path difference.or
2
(i.e. half a wavelength).

Interference can also occur in the air wedge. Redle also has a role to
play in the formation of the interference pattérherefore, the

sociated path difference between the reflectionthadlirect ray is Aas

Generally, the bright fringe is governed by thatein 2AB jt 12 1
)

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

5.0 SUMMARY

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

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

A
n and a path difference o;.

. Interference can also be formed by thin films.His tase, the
path difference for a bright fringe is governedthg

re[at{on Ipl

2AB I 3|k 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&0.29 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, whichdaeparation of
1.25 mm. This air wedge film is formed by keepingfcal
between two glass slides at a distance of 80 mm fhe line of
contact of the slides. Determine the angle of tleelge 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 exp®nt, there are other
ways of producing interference pattern by divisminamplitude i.e.
interference in air wedge. In this method, two tigpams derived from
the single incident beam by division of amplituddlee incident wave.
It means, the amplitude of wave is divided into tparts. The other
ways of producing interference are Newton’s rind #nn films.

Newton rings were discovered by Newton. A lensleéc@d 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 a resplattern of bright and
dark fringes consist of concentric circles are fedm

Now in this unit, you will study about Newton’s ga 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 interfeeerby 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 she
of glass. The len’s lowerurface is of very large radius of curvatu
Because of this, an air film is formed between |ldveer surface of th
lens and upper surface of the plate. At the pdimootact, the thicknes
of the airfilm is zero and it increases as one move away this point
of contact. When light rays reflected back and ghauo the focus to th
microscope, bright and dark fringes are obtaindter&fore taking int
account the phase change at B, the nth bright ankl ithgs are thu

gven R, - |

[ 121)

% (n ) A for a Brightring ... (3.1

Microscop
W\D

£ Monochromati

half silverec \ < light source
mlrroM

W

v
Glass ler
O A &
- + Plane sheet «
| < glas:
and 2AB = . foraDarkrinc ... (32

Fig. 3.1: Newton’s rings experiment arrangemer

An interference pattern known as Newton’s ringsehtained when ligh
from a monochromatic source is reflected froi sheet of glas:s
Interference occurs between light reflected fromn lttwer surface of th
lens and upper surface of the plane g
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3.1.1 Radius of a Rin

O B ]
Pin <A

Fig. 3.2: Newton'’s ring

Now refer to Fig. 3.2 tobtain a relation between the radii of rings i
the wavelength of ligr

In this section, we shall determine the radiusitbfee a dark or brigh
Newton'’s rings forme:

Let r, be the radius of the nth Newton’s ring at A whele tilm
thickness is t= ABand a is the radius of curvature of the lens sertd
which A is a par

By the theory of intersecting chol

(Ra—-t)xt=gxr,

On expanding the above equation, we

2at—t="r,
On rearranging this equation, we

rn
2t =, (Since t is small as ccpared to a, therefor? is neglected)
a

The condition for bright ring

A o2 L1121
Fm - \)Ll ........................................... (3.3)
a 1 )
Or  m2=(n-l)a (Bright ring)
and r2” The condition for dark ring ’
S TSP (3.4) a
=nma (Dark ring)
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These expressions can also be easily written maef diameter of the
ring. Suppose Pis the diameter of the'nring, then Eq.(3.3) and Eq.
(3.4) becomes

Dn:2rn®rn:Dl’_'l

2
4 D .= 2(2n-1)Aa (Bright ring)
4
D.2= 4 n\a (Dark ring)
Example 3.1

In a Newton’s rings experiment the radius of cunvatof 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 sedhafarrangement
were immersed in water of refractive index 1.33.su#tme the
wavelength of light used is 589 nm.

Solution

(a) Diameter of lens = Diameter of largest ring = 200 ¢
4 Radius of last ring r = 1.0 x T
Radius of curvature a =5.0 m
Wavelength of lighk. = 589 x 10m
Using the equation and substituting the values
n=r~r= (1.0 x10%)?
a 5.0 x 589 x 16

No. of rings (n) = 34
(b) If immersed in water the refractive index is

fAair a
MY e A
Aw
When\air = vacuum wavelength of the light
A = wavelength of light in water
pw = refractive index of water = 1.33
A
4oy = a
L
r? -
andn - in wate|
a w
4 (1.0x107)x1.33
a Aair 5.Cx589x1C
no = =
19
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 glass is figd water, the
diameter of the M and 2% bright rings is respectively 0.23 cm and 0.77

cm. What is the refractive index of water?

Solution
In air have
ri = AM L AL ceeeieeiieeeeee e
2
r- = ams Aq
..... (3.6)
Aa = wavelength in air
mi = 7
ma2 = 17

Subtracting Eq.(3.5) from Eq.(3.6), we have
r2—rz=(my-mai) ai,

V4
3 In water, we have

r« = ams Ay
..... (3.8)
= amy Ay,
A = wavelength in water

Subtracting Eq.(3.8) from Eq.(3.9), we have
re2—r=(mMy-mas)aiy

Equation (3.7) divided by (3.10), gives

2 —ra? =(M,y-mi)ai,
g — 13 (m4-m3)aki,
L w
10uw
10
r2? — r? = W w
F42 — 132
o  pw = (0.86 — (0.14)

(0.77) - (0.23)
Hw = 1.33

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 ¢
thin film are a soap film or a bubbled thin layer of oil spread ov
water surface. Such layers are also known to catsderence pattern
The details of how this is done are discussed h

Consider a thin transparent film of refractive inqu . A ray IA from a
point monochromatic source is partly reflected asaya AR and par
refracted into the material of the film along ARichk that the r is th
angle of refraction. At point B, the ray of ligtgt partly reflected to ’,
and partly transnied out. At #, the ray will again get partly reflect:
along AB' and refracted as ray’R’. When these two rays, AR a
A'R’, meet, then interference occurs as shown in Ei§. IB is to be
noted that the amplitude decreases from one r#yetoexi

Eye

Monochromatis K \g&\

sourct

alr

air

Fig. 3.3: Interference in thin film

Let A'D is the perpendicular to AR. Then optical patliedtdnce
between these rays is

=u(AB+BAY-AD L (3.5
Butcosr=BT=t ® t=BA’'=AB

AB AB cosr ... (3.6
and sini = AD

AAI

4 AD = AA’ sin i
AA' = AT + TA’
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AA’ = BT tanr + BT tanr

= 2t tanr
Therefore
AD = 2ttanr sini
AD= 2tsinrsini . (3.7)
cosr

Using Snell's law as
u=Ssini® sini=p sinr ... (3.8)
sinr

Substitute Eg. (3.8) into Eq (3.7), we get

AD = 2t sin ru sinr
cosr

AD = 2u t. sirfr
cosr

Now substitute the value in Eq. (3.5), for the paliference, the
expression is

Path diffrence Zu (t + _t) - 2u t sir’r
COS I COS T cos r
2ut (1 — sirr)

cosr

2utcosr [as sifr + cogr
= ]_]

At point A, the ray is reflected when it is goin@mn a rarer to a denser
medium and suffers a path differencéuit or a phase change of. But
at B, the reflection takes place when the ray isggérom a denser to a
rarer medium, and hence there is no phase change.

Hence the effective path difference between tws ray
2ptcosr -

2
The condition for destructive interference in thefis given by

2utcosr-A =(2n-1)A
2 2

2utcosr=nm wheren=1,2, ...ccccccurrnnnnn

The condition for constructive interference is
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2Zutcosr-A =nhi
2
2utcosr=(2n +1)
2
Wheren=0,1,............

Example 3.3
White light falls on a soap film with a refractiiredex of 1.33 at a
angle of 45. What must be thminimum thickness of the film for tr

reflected rays to be yellow and a wavelength of61@ 'm.

Solution

RV

For a bright fringe, we have the condit

2u t cosr = (2n+1)/12

wherep is the refractive index of thin fil

=1.33
t = thickness of fim
A = wavelength of light =6 x 7’m
1/
/2
t = (U2 .38

2ur
From Eq. 3.8, the minimum value of t occurs whenl

4 tmin= (1 =",) x 6.0 x 10
2x1.33xcosr

Using Snell’s law at point A, we ha

u=sini =sin 45
sinr sinr
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1.33 = sin 45
sinr
r =32.1

4 tmn =6.0x10"/2x 1.33 x cos (32.1)

=1.3x10'm

4.0 CONCLUSION

. Newton'’s ring is a spherical form of interferennean air wedge,
it result from path difference between light retéet from the
bottom of the lens and the top of transparent mirro

. The air wedge is formed between a lens and a flabmover
which the lens is placed
o The equation governing the formation of bright aladk fringes

in Newton’s ring are

1
2AB 4 o
:Iinl 2) for Bright fringes
and
2AB =\ for Dark fringes.
. Relationship between the radius of a fringe andrdéitkus of the
curvature of the lens is given by
Mn
r = 1 ‘k for a Bright ring
n a

2

=ni faor a Dark ring

o Interference also occurs in thin film and this iedo the path
difference between monochromatic light reflectedrantop and
bottom of thin films. A bright fringe in this casecurs when a

A
path difference, d = 2t cos r = (2n+1) 5 where n =

0,1,2

On the other hand a dark fringe occurs when thie giffierence,
d=2tcosr=hwheren=1,2,........... :
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5.0 SUMMARY

. Newton'’s rings are a special from of interferencgtin an air
wedge.
. They are formed due to path difference betweeectdt

monochromatic light waves reflected by a mirror #melbottom
of a convex lens overlying it which also forms #iewedge.

) For a bright fringe, the path difference requireashobey the
relation,

A
d=2tcosr=(2n+l) %/vhere N=0,12.....cmmm.

while for a dark fringe the relationship, d = 2osa = nA where
n=123...... :

where n represents the number of fringes anid¢ the
wavelength of light.

o The radius of a bright fringe is governed by tHatren.
My
82: 1 \x (for a Bright fringe)

While that of a dark fringe , the relation is

I
* =na
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 ligkflected from
lower surface and upper surface of a parallel stbedfilm.
o For the formation of a bright fringe by a thin fiJrthe path

difference required is equal to d = 2 t cos r =H{Pn

Wheren=0,1, 2............ )
And for a dark fringe path difference isd = 2 s¢o= i,

Wheren=1,2, .ccccovevvennrenn.nn )

6.0 TUTOR-MARKED ASSIGNMENT

1(a) A thin film of thickness 4 x 10cm is illuminated by white light
normal to its surface (r 2P Its refractive index is 1.5. Of what

colour will the thin film appear in reflected light

(b) Why do the oil films on the surface of waterpapr to be
coloured?
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1.0 INTRODUCTION

In our earlier units, you have thus far studiedwdbnterference which
illustrates the wave nature of light. You have sttt these waves are
transverse waves. Another phenomenon known as ipatian also
shows the transverse nature of light. When a lighibtained from a
source, this ordinary light vibrates in virtuallyll adirections
perpendicular to the direction of propagation. Hend is called
unpolarized light. But light can be constrained dther natural or
artificial crystals to vibrate in only one planerpendicular to the
direction of propagation. When this happens, tghtlis referred to as
polarized light.

In this unit, you will study the various ways obpiucing polarized light
and you will also come across with various crystad 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 polarizgtitli

explain the theory behind each method of produgotarized
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 tht light waves are transverse waves. Such a lig
said to be unpolarised. In ordinary light, the wawérate in differen
planes (in all directions) perpendicular to theediion of propagatior
However when the light ray vibrates only in oneedticn, it is said that
the light is polarized i.e. light vibrate only ime direction as it i
propagated.

Some natural crystals such as, tourmaline allows od light vibrating
in certain direction to pass through and blockdtieer rays vibrating i
othe direction. If an observer view light coming fraasource with twe
of such crystals A and B as arranged in Fig. 4é dbserver would no
the positions of brightness and darkness as tretatri is rotated. Yo
would notice that at a stage a veryght light would get into his eye
but at another stage you would not see anythingréfbre, you woull
notice positions of maximum brightness and maxindarkness as tr
crystal rotates near the eyes. The position of maw brightness occu
when the plaes or the crystals through which light is allovtegbass ar:
oriented in the same direction. On the other haadposition of
maximum (complete) darkness occurs when these plane at righ
angles to each other. Artificial crystalline maadsithat plarize light are
called polaroid:

Source o
unpolarise!
light X

No light is
transmitted

Polariser

Analyser

(a) Crossed
Source of =
L_mpolarise1 \
light \ Eright

ean
N
Polariser Analyse

(b) In line

Fig. 4.1: Plane polarization of light
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3.2 Optical Activity

olarise Analyser Tube containing
the sampl

Fig. 4.2

Certain substances have the ability to rotate theepof polarized ligh
when a plane polarized light is passed through ttfgmh substances ¢
said to beOptically Active. If the rotation of the plane is clockwise tl
is, to the rght, then the substance is dextrorotatory. On therdand, i
is “levorotatory if the rotation is anticlockwis&he degree of rotatic
may be determined by means of a polarimeter. Isiitgole form, the
polarimeter consists of two Polaroid sheets tioning as polarizer an
analyzer and a tube containing the substance. Wghtube empty
maximum amount of light reaches to eye when thetshare oriented i
the same direction. The analyzer is then turnedutjin 9C before
placing the substance ig@tion. Depending on the rotation of the pl
of polarization the analyzer would appear brig|

The analyzer is again rotated until minimum liglst $een. Th
difference in the readings of the analyzer givesdhgle of rotation ¢
the beam.

Now in the subsequent section, you will learn about theouariways o
producing polarized light.

3.3 Method of Polarization

The following ways of producing polarized light afiscussed belo
3.3.1 By Reflection

When an ordinary light meets a plane surfacereflected componen
is partially polarized. At a certain angle of inerte, the reflected ligl

is plane polarized and an analyzer can block itpletaly. This angle ¢
incidence is called the polarizing angle, as showfig. 14.3 below
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Unpolarise:
light

o light
Analyser

—@——@—@— Refracte

ray

Fig. 4.2

As shown in the Fig.4.3 above that and represdmsvibrations ar
perpendicular to each oth

In Fig. 4.3, if the analyzer is perpendicular te tilane of vibration of th
polarized light, no light would be transtted and this would be ¢
indication that the light has been polari:

3.3.2 By Refractior

In the method described in section 3.3.1 aboveyrdfected ray unlike
the deflected ray is never completely polarized.wkleer severe
refractions using a pilef plates as shown in Fig. 4.4, it is noticed thnat
refracted beam is almost completely polari

Source of ligr

I\\'\f:"—‘—_— Completely
polarized light
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Apart from the two methods studied to obtain paksion, we will now
learn about polarization by double refraction ia tiext sectiol

3.3.3 By Double Refractiol

There exist many transparent crystalline substamnssch while
homogenous, are anisotropic. That is the velodigy layht wave in then
Is notthe same in all directions. Crystals having thigparty are said t
be doubly refracting.

In such a crystal, two sets of Huygens waveletpggate, one set beil
spherical and the other ellipsoic

The two sets are perpendicular to one another Ea perpendicular tc
an axis of the crystal at which the velocity ofwallve is the sam

¢ Crystal
Optic axis

Spherical wavel

Ellipsoidal wavele

Fig. 4.5:

It is to be noted that any line parallel to theiopixis is also an optic ax
when light is passed perpendicular to the surfalcéhe crystal; the
incident ray is broken up into two rays in traversthg crystal. The ra
which corresponds to the spherical wavelength resnandeviated and
called anordinary ray . The ray corresponding to the ellipsoidal wav
is deviated and is called tlextra-ordinary ray.

Crysta
Source 0 /
ht X - I i 11 > Extraordinary ra
{;ﬁ}f ____________ — s s Ordinary ra

Fig. 4.6:

Both the ordinary and extra ordinary ray comespaldrize. If the
crystal is rotated about the incident ray as as,dke ordinary rée
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remains fixed but the extra ordinary ray reves round it as shown
Fig. 4.7

Crystal

N Q ; Seree

Fig. 4.7:

Along the optic axis, the velocity of both ordinayd extr-ordinary ray
is the same but along other axis, they are

Snell’'s law holds for the ordinary ray but not tbe extri-ordinary ray
becaise the velocity of the ex-ordinary ray is different in differer
directions. Crystal which have only one optic asie said to b
uniaxial. But some crystals have two different direns in which the
velocities are equal, this kind of crystals ardled biaxial crystals
Most crystals used in optical instruments mainharg and calcite ar
uniaxial.

4.0 CONCLUSION

Ordinary light vibrates in all directions perpendar to the direction c
propagation. It is therefore, unpolarised. On thigeo han, polarized
light vibrates only in one direction perpendicular the direction o
propagation.

Polaroids are artificial crystals which are usedptoduce polarize
light. They are generally used in combination adafzer anc
Analyzers.

Other natural «ystals which can be used for producing polarizetit!
are tourmaline, quartz and calc

Optical activity is a phenomenon in which the plariepolarization o

crystal can be rotated. Any crystal that possedsesbility is said to b
optically active.

The polarimeter can be used to determine the dedmetation.

The principal methods of producing polarized ligre

) By reflectior
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i) By refraction
i) By Double refraction

5.0 SUMMARY

o While unpolarized light vibrate in all direction npendicular to
the direction of propagation, polarized light viteran only one
direction perpendicular to the direction of propama

o Polaroids, tourmaline, calcite and quartz can lesluse produce
polarized light.

o A pair of Polaroid can be used as polarizer andyxea to study
the polarization of light.

o The ability to rotate the plane of polarization afcrystal is

related to its optical activity.

o The magnitude of the optical activity of the cryiat@ can be
determined by using the polarimeter.

o Other principal ways of producing polarised ligiiclude by
reflection, by refraction and by double refraction.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the different methods by which polarizgtitlcan be
obtained? Explain.

2. State any two useful applications of plane polarzaves.
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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 diffaremys like polarization
by reflection, polarization by refraction and pddation by double
refraction. An ordinary light vibrates in every ptaat right angles to the
direction of light. Then the question arises: apBom the above
mentioned methods, is there any laws which govkenpolarization?
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 applications dapeation 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
light
%\ip{ I OU
Y -/ /7SS S S
/
H 4 Y
74 Vs Vs
/ V4 4
4 4 7 4

Fig. 5.1: Polarization by reflectior

Brewster’s observed that when unpolarised ligimdgdent on a raterial,
the reflected and refracted ray are at an ang®° as shown in Fig. .5.:
Using Snell’s law, we know that refractive indexaofmaterial is given b
the relation

_sini
sin

Here |, is the polarizing angle. It is defined as the e of incidenc
when the reflected light is almost completely piaziad IS the

refractive index of the materi

But from the Fig. 5.1, one can see that r = i,

_sinj :sinip:tani)
sin(90] j,) cosip
4 Refractive index = tan ,

(5.1)

Eq 5.1 is ched Brewster's law. Therefore, the refractive irdef a
transparent medium is equal to the tangent of tit@rizing angle,

Thus Eq. 5.1, (Brewster law) can be used to firedréfractive index o
materials. For further clarity, you should now warlt an example.
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Example 5.1

(@) At what angle of incidence will light be reflectt)dm water of
refractive index 1.33 and would it be completelyapaed”
(b) Does the angle depend on the wavelength of |

Solution

Let is=refractive index of wat
=1.33
Using Brewster’s law given by Eq. £

tanp=

4 tan p=1.33
ip=tar™ (1.33)
ip=5% 1o

b) Yes, the angle depends on the wavelength of ligbabse th
refractive index of a medium with respect to thieeotvarits with
wavelengtr

3.2 Percentage of Polarizatiol

ILiJgnh[:;olarlse( Polaroic
shee
@ Fnotoce
Fig. 5.2

when light passes through a Polaroid (or polarjz#eg light which ha
vibration along the specified direction of the ¢aysabove is transmitte
(refer Fig. 5.2). If the transmitted light intery is measured by means
a photocell, the current measured remains constamhatever directiol
the polarizer is rotated. If there is any variatiorthe intensity, it show
that the incident light is partially polarized. Ths, the vibration of th
incident beams are not uniform in all directic

The percentage of polarization (p) is giver
P= | max— | min X 100
I max X | min (52)

When hax= maximum light intensit

I min= minimum light intensit
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3.3 Malu’'s Law

Unpolariset
light

Photoce

Eo Analyse
Fig. 5.2
Analyser
. N
Polariser
E, coso
0
E; sin®

Fig. 5.4: Two components of polarized ligh

This section explains in detail the theory behindlWk law. Refer tc
Fig. 5.3 above. An analyzer is introduced betwegmolkarizer and
photo cell. The specified direction of the polarizeakes an angl
0 with the analyzer being oriented vertically. Thelgpized light
transmitted by the polarizer can be resolved int@ tomponents
therefore, EcosO vertically and [, sin© horizontally, as shown in Fi
5.4, where Eis the amplitude vect of the incident beam. Only tt
component of amplitudecEcos0, which is parallel to the transmissi
direction, would be transmitted by the analyzere Titansmitted light i
maximum when6 is @ and is zero (minimum) whe0 is 90. At
intermediate angk the intensity is proportional to the amplituded
we have

loo E;%, and lo E2

,_| EfE0"cos’d
lo E, Eo®
4 | =1, co 0 .53
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This equation (5.3) is known as Malu’s |

Therefore from Eq. (5.3), it can been that he intensity of the emerg
light varies as the square of the cosine of thdealngtween the polariz
and the analyze

Example 3

A beam of plane polarized light strikes two polemig sheets. The fir:
sheet is inclined at a ancd with respet to the incident beam, while t
second sheet is inclined at®to the incident beam. Determine to -
nearest degree, the an® for a transmitted beam intensity that is «
tenth the incident beam intens

Solution

Inciden
bean

Inciden:
bean

Secont
bean

Fig. 5.5

Apply Malu’s law to tte first Polaroid we have
11= 15COS 0 oo (1)
and to the second Polaroid we h
l2= 1,0 0 co< (90 )
l2=1,c0¢° 0 sirf 0
»=co$ 0 sirf o

'
0

but 2= 1
) 10

41 =co?0 sirf0
10
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1 =cos0 sind
V10

=1sin0

2\ 1 =sin 20

0 =20
3.4 Application of Polarization
(@) Use of Polaroids in Sunglass
Unpolarised light is harmful to the human eye, ith the use o
Polaroid this can be prevented. They protect oesdgyom glare. The
helped to reduce thatensity of sunligh

(b)  In Film Industries

Polarised light is used in films to create illusiohthree dimension:
pictures.

(c) Saccharimetry

The rotation of the plane of polarization by sugalution is used as
method of determining the concentration ugar solution in a give
sample.

(d)  Photoelectric Stress Analys

Some substances such as glass and plastic, thabtanermally doubl
refracting, may become so if subjected to strésuidh stressed materi:
are placed between a polarise and analthe bright and dark areas tl
are seen give information about the strains. Tlolbn@logy of phot-
elasticity is based on double refraction producstbgsse

(e) Used in window pare:

The window panes of airplane and trains used pualartm control the
light entering through the
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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 osuaface at the Brewster
angle j, the angle between the resulting reflected anchecefd ray is
found to be 980 Under this condition, the refractive index of thedium
concerned is given by = tan.This is a Brewster’s law.

The pencentage of polarization of a given light cain be found by
applying Malus law to a polarized and analyzer usgdiiew light.
Malu’s law is given by the relationship

l=1,co$0
Polarisation of light can be applied in the follogiareas:
) Used as sunglasses;
i) In the film industries for three dimensional piesy
i) To determine the level of concentration of sugalutgmn

(saccharimetry); and
Iv) For photoelectric stress analysis.

5.0 SUMMARY

o Two major laws used in polarization of light areefaster’s law
and Malu’s law.
. While Brewster’'s law relates refractive index tae tBrewster

angle, Malu’s law relates the percentage of poddion to the
angle of rotation of the plane of polarization.

o That is, Brewster’s law is given Qy= tan pwhile Malu’s law is
given by | = } cog 6.
o The industrial uses of polarization of light inctud

- The use of Polaroids as sunglasses;

- The use of Polaroids in the film industries 8B. effects;
- The determination of concentration of sugar sofyt

- 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 ieximum
amount of light is transmitted. To what fraction mlaximum

value is the intensity of the transmitted light weed when the
analyzer is rotated through %0
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2. A beam of light falls on the surface of a glasselat refractive
index 1.536 at the polarizing angle. Determineahgle of
refraction.

3. Let © be the angle between the polarizer and the amalyaing

the Malu’s law, plot a graph showing the dependeicgetensity
of transmitted light o®
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