ED 115 511

AUTHOR
TITLE

INSTITUTION
SPONS AGENCY
BURERU NO
PUB DATE
CCONTRACT
NOTE

EDRS PRICE
DESCRIPTORS

IDENTIFITRS

ABSTRACT

DOCUMENT RESUNE

ot

SE 019 985

George, Aleyamma; Pagland, Leon B
Light: Teacher's Curriculum Guide for the
Thirteen-College Curriculum Program.
Institute for Services to Education, Inc.,
Washington, D.C. .
National Inst. of Fducation (DHEW), Washington,
D.C.

BR-7-0867

71

OEC-0-8-070867-0001 .

81p,g Appendix material from ED 084 936

MF-$0.76 HC-$4.43 Plus Postage

*College Science; Curriculum; Curriculunm Development;
*Disadvantaged Youth; Higher Education; Instructional
Materials; *Light; Negro Colleges; Optics; *Physical
Sciences; Sciences; *Teaching Guides

Thirteen College Curriculum Progranm

This booklet is a tesacher's manual in a series of

booklets that make up the core of a Physical Science course designed
for the freshman year of college and used by teachers in the 27

~-colleges participating in-the Thirteen College Curriculum Program. -~ ~ -

This program is a curriculum revision project in support of 13
predominantly Negro colleges and reflects educational research in the
area of disadvantaged youthk. This unit approaches the topic of light
by reviewing historical theories of light and waves and wave~-particle
duality. Geometrical optics is discussed in terms of reflection,
refraction, and instruments which utilize light, such as the camera
and the microscope. Physical optics is discussed in terms of color,
interference, and diffraction. Experiments ars provided to illustrate
the major concepts. (MLH)

.

e o 3 e ko e o ok ok ok ki ok ok ok ok o s s ok s s sl o ok sfe ok ok 3ok ok ok oK o ke ok ok ok 3k o o 3 e ok 3 oK o o o ke ok 3k ok o ok ok ok 3k o 3k ok ok ok ok ok
Documents acquired by ERIC include many informal unpublished
materials not available from other sources. ERIC makes every =2ffort
to obtain the best copy available. Nevertheless, items of marginal
reproducibility are often encountered and this affects the quality

via the ERIC Document Reproduction Service (EDRS). EDRS is not _
responsible for the quality of the original document. Reproductions
supplied by EDRS are the best that can be made from the original.

¢ *
* *
* *
* *
* of the microfiche and hardcopy reproduc*ions ERIC makes available - *
* *
* *
* *
* *

e 3k 3 o ke K o e ok o e 3 ok ok i 3k i ok i ek e ok ok i o sk 3 ok ok e 3k ke ol i ok i ok sk ki 3K ok ok 3 ke 3k 3K 3 ok sk K ok ok ok 3 3 3k 3 ok ok ok ok 3k




“ U.S.DEPARTMENT OF HEALTH, .
. EDUCATION & WELFARE
' * NATIONAL INSTITUTE OF
EDUCATION

) THIS - DOCUMENT HAS BEEN REPRO- N

DUCED EXACTLY AS RECEIVED FROM
. THE PERSON OR ORGANIZATION ORIGIN~ .
ATING IT POINTS OF VIEW OR OPIN{ONS
STATED DO NOT NECESSARILY REPRE- !
SENT OFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY

- "PEAMISSION TO REPRODUCE THIS COPY-
RIGHTED MATERIAL HAS BEEN GRANTED 8Y

‘ ISE

. . TO ERIC AND ORGANIZATIONS OPERATING

UNDER AGREEMENTS WITH THE NATIONAL IN-
STITUTE OF EDUCATION FURTHER REPRO-
. . DUCTION OUTSIDE THE ERIC SYSTEM HRE-

QUIRES PERMISSION OF. THE GOPYRIGHT
OWNER.""




- LIGHT

TEACHER'S CURRICULUM GUIDE \

For The

THIRTEEN COLLEGE CURRICULUM PROGRAM

CONTRIBUTORS

Aleyamma George, Ph.D.
Professor of Physics
Talladega College
Talladega, Alabama

e e s e e e e e e e e e e e

\

Leon Ragland, M.S.
Instructor of Physical Science
Norfolk State College
cmpomeny ' Norfolk, Virginia

EDITOR

Roosevelt Calbert, Ph.D. v
Progravassociate for Physical Sciences -
Institute for Services to Education
Washington, D.C.




Copyright © 1971 by the Institute for Services to Education, 2001 S Street, N.W., Washington, D.C.
20009. No part of this material may be reproduced in any form whatsoever without the express written
consent of the Curriculum Resources Group.




ABOUT THE INSTITUTE FOR SERVICES TO EDUCATION

The Institute for Services: to Education was incorporated as a non-profit

o« organization in 1965 and received a basic grant from the Carnegie Corporation

of New York. The organization is founded on the principle that education

today requires a fresh examination of what is worth teaching and how to teach

it. ISE undertakes a variety of educational tasks, working cooperatively with

other educational institutions, under grants from government agencies and

private foundations. ISE is a catalyst for change. It does not just produce

educational materials or techniques that are innovative; it develops, 1n

cooperations with teachers and administrators, procedures for effective instal-

lation of successful materials and techniques in the colleges.

ISE is headed by Dr. Elias Blake, Jr., a former teacher and is staffed
by college teachers with experience in working with disadvantaged youth and
Black youth in educational settings both in predominantly Black and predominant-
ly white colleas= and schools.

ISE's Board of Directors consists of persons in the higher education
system with histories of involvement in curriculum change. The Board members

are:
Vernon Alden Chairman of the Board, The Boston
Company, Boston Massachusetts
——————-Herman-Branson-- - CTm T President, Lincoln University
Kingman Brewster, Jr. President, Yale University ‘
Donald Brown The Ceiiter for Research on Learning-
and Teaching, University of Michigan
Arthur P. Davis - Graduate Professor in English,
Howard University
Carl J. Dolce ' Dean, School of Education, North
Carolina State University
Alexander Heard Chancellor, Vanderbilt University
Vivian Henderson President, Clark College dooe
Martin Jenkins Director, Urban Affairs, ACE 3
Samuel Nabrit : Executive Director, Southern Fellowship
Fund, Atlanta, Georgia
Arthur Singer Vice President, Sloan Foundation,
e New York, New York
Otis Singletary President, University of Kentucky
C. Vann Woodward Professor of History, Yale University
Stephen Wright Vice President of the Board, CEEB \
Jerrold Zacharias Professor of Physics, Massachusetts

Institute of Technology

QA1




ii

ABOUT THE THIRTEEN-COLLEGE CURRICULUM PROGRAM

From 1967 to the present, ISE has been working cooperatively with the
Thirteen-College Consortium in developing the Thirteen-College Curriculum
Program. The Thirteen-College Curriculum Program is an educational experiment
that included developing new curricular materials for the entire freshman year
of college in thé areas of English, mathematics, social science, physical
science, and biology and two sophomore year courses, humanities and philosophy.
The program is designed to reduce the attrition rate of entering freshmen through
well thought-out, new curricular materials, new teaching-styles, and new faculty
arrangements for instruction. In addition, the program seeks to alter the
educational pattern of the institutions involved by changing blocks of courses
rather .than by developing single courses. In this sense, the Thirteen-College
Curriculum Program is viewed not only as a curriculum program with a consistent
set of academic goals for the separate courses, but also as a vehicle to produce
new and pertinent educational changes within the consortium institutions. At
ISE, the program is directed by Dr. Frederick S. Humphries, Vice-President.

The curricular developments for the specific courses and evaluation of the pro-
gram are provided by the following persons:

e

COURSE ISE STAFF

English Mr. Sloan Williams, Senior Program Assoc1ate
Miss Joan Murrell, Program Associate
Mrs. Carolyn Fitchett Bins, Program Associate
Mrs. Eleanor Murrell, Program Associate
Mrs. JoAnn Wells, Research Assistant
Mrs. Caro]e Dunn, Secretary

Social Science . Dr. George King, Senior Program Associate
. " Miss Camille Miller, Research Assistant
Mrs. Cynthia Paige, Secretary

Mathematics Mr. Bernis Barnes, Senior Program Associate
i Dr. Phillip McNeil, Program Associate
Dr. Walter Talbot, Consultant
Mrs. Deborah Johnson, Secretary

Physical Science Dr. Leroy Colquitt, Senior Program Associate
Dr. Roosevelt Calbert, Program Associate
Dr. Ralph W. Turner, Consultant
Professor Army Daniel, Consultant
- Miss LuCinda Johnson, Secretary




iid

ABOUT THE THIRTEEN-COLLEGE CURRICULUM PROGRAM

' Course ISE STAFF

Biology Dr. Charles Goolsby, Senior Program Associate
Dr. Dan Obasun,- Program Associate
Dr. Paul Brown, Consultant
Mrs. Jeannette Faulkner, Secretary

Humanities Mr. Clifford Johnson, Senior Program Associate
Mr. Keorapetse W. Kgositsile, Program Associate
- Mr. Roger Dickerson, Program Associate
Miss Margot Willett, Research Assistant

0 Philosophy - Dr. Conrad Snowden, Senior Program Associate
Dr. Henry Olela, Program Associate
Miss Faith Halper, Secretary

Evaluation Dr. Joseph Turner, Senior Research Associate
Dr. J. Thomas Parmeter, Senior Research Associate
Mr. John Faxio, Research Assistant
Mrs. Judith Rogers, Secretary

~~~~~~~~~~~~~~~~~~~~~~

In addition, Miss Patricia Parrish serves as general editor of the
curriculum materials as well as an Administrative Assistant to the Director. Mrs.
Joan Cooke is Secretary to the Director.

The curriculum staff is assisted in the generation of new educational
ideas and teaching strategies by teachers in the participating colleges and out-
side consultants. Each of the curriculum areas has its own advisory committee,
with members drawn from distinguished scholars in the field but outside the
program. i

The number of colleges participating in the program has grown from the

- original thirteen of 1967 to nineteen in 1970. The orginal thirteen colleges
- are: ‘

Alabama A. & M. UniVersity Huntsville, Alabama

Bennett College Greensboro, North Carolina
Bishop College Dallas, Texas -

Clark College Atlanta, Georgia -

Florida A. & M. University Tallahassee, Florida

Jackson State College ‘ ] Jackson, Mississippi

Lincoln University Lincoln University, Pennsylvania




iv

Norfolk State College Norfolk, Virginia

North Carolina A. & T. State
University

Southern University

Greensboro, North Carolina
Baton Rouge, Louisiana

Talladega College Talladega, Alabama
Tennessee State niversity Nashville, Tennessee
Voorhées College Denmark, South Carolina

A fourteenth college joined this consortium in 1968, a1though it is
still called the Thirteen-College Consortium. The fourteenth member is

Mary Holmes Junior College liest Point, Mississippi

In 1971, five more colleges joined the effort although linking up as
a separate consort1um The members of the Five- Co]]ege Consortium are:

Elizabeth City State Un1vers1ty £lizabeth City, North Carolina
Langston University : Langston, Oklahoma
Southern University at
Shreveport : Shreveport, Louisiana .
Saint Augustine's College- Raleigh, North Caro11na
“Texas SouthernmUniversity — - ———Houston; Texas ' T e e e

The Thirteen-College Curriculum Program has been supported by grants
from: . \ .

The Office of Education, Title III, Division of College Support

The Office of Education, Bureau of Research

The-National Science Foundation, Division.of the Undergraduate
Education

The Ford Foundation

The Carnegie Corporation

The ESSO Foundation




Alabama
A& M:

Bennett:
Bishop:
Clark:

Florida
A&M: -~

Jackson
State:

Lin;o]n:

- Mary Holmes: =-------e-

Norfolk
State:

North
Carolina
State:
Southern:

Talladega:

Tennessee
State:

Voorhees:

Thirteen College Consortium

Physical Science Teachers

1967-68

Army Daniel
Perry Mack
Burtis Robinson

Arthur Hannah

Ralph Turner

Dennis Holloway

Sabinus Christen-.Sabinus Christen-

sen

Melvin Smith

Curtis Higgen-
botham

Thomas Wirth

Hartan Singh

Berry Hempstead

Bernie Dingle

1968-69

Army Daniel

Perry Mack

Burtis Robinson

Arthur Hannah

Lewis Allen

Dennis Holloway

sen

Thomas Wirth

Melvin Smith

/

Vallie Guthrie

Charles QOsborne

Harban Singh

Berry Hempstead

Bernie Dingle

W

‘Thomas Wirth

1969-70

Army Daniel

~ Dorothy Harris

Burtis Robinson

Arthur Hannah
Robert Flakes

Dennis Holloway

Julian McCreary

Leon Ragland

Vallie Guthrie

' Charles Osborhe

Aleyamma George

Wil Cumming

Bernie Dingle

1970-71

Army Daniel
Dorothy Harris
Burtis Robinson

Arthur Hannah
Melvin Gadson

Dennis Holloway

Julian McCreary

William Royal

Leon Ragland

Vallie Guthrie

Aleyamma George

Wil Cumming

Donald Volz




vi

Five College Consortium
Physical Science Teachers

1970-71
Elizabeth City State College- Kumar Chatterjie
Langston University - ' Jimmie White
Saint Augustine's College ‘ Ramesh Mathur
Southern University
at Shreveport Margaret Knighton
Texas Southern University Edward Booker
10




vii

Eight College Consortium
Physical Science Teachers ...

[l o

_ 1971-72
Alcorn A. & M College Newtie Boyd -
Bethune-Cookman College Walter Floyd
Grambling College fhomas Williams
Jarvis Christian College | Adell Mills
LemQyne-Owen College . Char]es Phillips
- Southern University 7 -

at New Orleans Charles Scott
University of Maryland

(Eastern Shore) Leon Punsalan
Virginia Union University James Fennessey




viii

PREFACE
This booklet is one of a series of seven that make up tﬁe core of a
course in PhySica] Science designed and used by teachers in the twenty-
seven colleges participating in thelThirteen-Coiiege Curriculum Program.
The course has several unique features. Especially impor;ant is
its ba]anCﬁa'emphasis on effective teaching methodoiogy and basic con-
cepts in the physical sciences. The two aré-close]y woven into the fa-
bric of the course. Consequently, in order that a teacher gain maximum
use of these materials which were designed especially for the TCCP course
it is essential that he understands the purposes it was designed to serve

and the style and techniques chosen to accomplish them.

Course Objectives

The basic goal of the course is tc make clear the nature of stience
as an enterprise and illustrate by numercus examples how science really
pfoceeds. Exercises are chosen according to their potential to bring
students into working contact with the essential aspects of the scientific
experience. In these experiences the students develop concrete ideas

about the operational meaning of, and the association between observation,

~experiment, measurement, hypothesis, theory, the nature of evidence, test,

modification, formulating questions, accuracy of language, the role and

value of schematic language in generé] and mathematics as an appropriate

language in particular, the role of the observer, prediction, and the

residual mystery of unanswered questions.




Secondly we strive to develop an appreciation for the features of
science that distinguished it from the other major disciplines, namely,
the ability to establish a clear and testible criterion for the value
of concepts and the role of experimentation askthe sole criterion for
the scientific truth. "Facts" and theories are never presented without
a description, at least, of the experiments which support them.

By the use of a judicious choice of problems in the course we seek to
divulge the peculiar nature of physical science that distinguished it from
other sciences. The course stres;es the use of mathematics_as‘a major
analytical took and the use of numerical patterns to describe physical
phenomena. - | | |

Finally we are concerned with developing an appreciation for the
value of "rigor" as a quality.measure of a scientific study. A |
natural part of this is an eprsﬁre to the development of the analytical

tools and skills to deal with scientific problems.

Pedagogical Priorities

High on our Tist of priorities in the course is the requirement that
a substantial amount of learning take place in the classroom. Attention
is given to creating learning situations where students collect informa-
tion firsthand, consider its implications, ahd draw conclusions all with-
in the samé class period. fThe classrooms learning experiences are con-‘
structed so that they closely approximate real 1ife situations where one
has to search for clues and insights from a variety of sources, from
reference materials, the teacher, as well as other students. The student

SR

-must acquire the habit of weighing carefully the value of the information

obtained from each.




Because of the variety of learning styles among the students, a mechanism

‘is established for generating a variety of models of information integration.

By encouraging sstudents to actively participate in classroom exercises qndg
develop ideas from the evidence that is presented for class insbection, the
students themselves provide a range of models of learners. Students are
encouraged_ggsfeek information from one another and teach themselves while the
teacher supervises. This setting generates a number of dramatic experiences
in a process of vital intellectual interaction.

The role of the teacher in the classrooms described above differs from
that in a more traditional lecture oriented classroom where he is the central
figure in the c]assroom.and the prime source of information. In the settings
described above the teacher bécomes a coprdinatbr. It is his responsibiliﬁy
to assist the students in seeking information and judging the va]ué of what
they find. He asks students the questions he would ask himself when he is in
search of ansﬁéfs to crucial questions, displays the criteria he uses to
reach conclusions, and thus allows the students themselves to make the
crucial steps in the learning process. In order to be effective in this role,
a teacher must accept as legitimate a wider base of student experiences,
priorities, intellectual styles and range of abilities.

It has been our experience that if these things are given proper atten-

‘tion, students develop an attitude about learning, where the learner is

active, aggressive, and effective.

The Scope and Structure of the Course

The course is based upon five topics:
1. The Nature of Physical Science
2. Light

3. Inorganic and Organic Chemistry’ 

4. Conservation principles

14




5. Gas Laws and Kinetic Theory
Each unit is self-contained, starting with a fundamental conéept and deve-
loping in a spiral fashion through a hierarchy of levels. Each level
contains the deve1opmen£ of at least one fundamental idea from empirical
data obtained in the laboratory, the demonstration of the utility of the
concept, and a natural termination point that permits a study to end at
a variety of levels a1wayswwith a sense of completion. By virtue of their
self-containment, a given unit may be interchanged in a course sequence
~ with almost any other; consequently, a teacher may construct his course
around the sequence of units that best suits h 3 own interests and the

background of his students.

FORMAT OF THE UNIT

This booklet has been designed to serve as a guide to assist the tea-
cher in creating a successful classroom in a iaboratory oriented course.
As’;uch it contains a number of hints, suggesticns, and procedual instruc-
ions. When questions are presented in the text as g}eart of the development
of a concept, answere are also given. ‘These special features of the unit
are unique to the teacher's version and do not appear in the companion
student workbook.

There is a basic uniformity to the structure of each chapter. Each
chapter is built around experimental activities that are designed to
develop one or more fundamental physical concepts. The structure of the
chapters are usually divided into four parts. First, to set the stage, we
suggest a discussion session with the class to examine their intial ideas
and attitudes about the problem to be studied and to establish a base of
reference with which tocompare the ideas that are developed in the course
of the investigdtion. Secondly, we move to extablish the rationale for

beginning a particular experiment - or set of experiments - and design the

16
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experiment. Thirdly, experiments are carried out, data gathered, and the
search for physical patterns begins. Once these patterns are identified
and a useful description is constructed we move to an examiration of its

applications and implications.

SPECIAL ACKNOWLEDGEMENT

We wish to thank Miss LuCinda Johnson for doing an excellent job of

drawing the diagrams and other illustrations for this unit.
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HISTORY
A; Ancient Views

Since man necessarily approaches nature through sensory expériences,
it is not surprising that in the earliest theories concerhing light,
the sensory (physio1ogica1) process of seeing was not clearly separated
from the external phenomena of light. The Pythagoreans believed in
an emission theory supposing that objects emitted particles which bom-
barded the eye. The Platonic school explained that vision was produced
by an interaction among rays emitted py the sun, particles emmited by
the object, and the eye itself emitting rays of "streams of vision".
Euclid, believing that the eye emits rays which travel in straight ..
lines, applied his geometry to problems of perspection by dfawing di--
vergent straight lines from the eye toward the object. Thus bggan thg“

use of the idea of a ray of 1ight as a fundamental concept in what one

calls "Geometrical Optics“.

Among the many scientific speculations, there seems to have heen

only one real scientific law. Hero of Alexandria (AD100) furnished,

a simple and “beautiful proof that for reflection from a plane surface,
the 1ight must travel along the shortest path between the eye and

the object in order to make the angle of incidence equal to the angle
of reflection. It has becomg a basic law, one that governs the pheno-
menon of the ref]ectioh of light rays and enables us to understand

the operation of mirrors.

The second great theoretical advance Was the discovery of the law
of refraction by Snell (1621) which asserts that when a ray of 1ight
passes from one medium to another, it is bent or refracted by an
amount that depends only on the angle of incidence and the relative

optical properties of tha two media - the one it is leaving and the
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one it is entering. These two laws comprise the basic framework
for the theory of Geometrical Optics -.which is the body of knowledge
used in the design and study of optical instruments such as; eye

glasses, the eye itself, the telescope, and th2 microscope.

B. The Age of Newton

Of all the founders of the theory of light, undoubtedly the
greatest were Sir Isaac Newton and Christian Huygens. Newton dis-
covered the thebry of the spectrum. It had already peen known that
white 1ight could be resolved into colors on pasging through glass
or water and based on it the rainbow had been explained, but it was
suppdsed that the medium had produced a definite alteration in the
light. Hewton showed that if the light passed through a g]ass’prism,
the white light would be reformed from the colors, and also if a sin-
gle color from the spectrum is treated similarly it/remained unchanged,
which facts 1éd to the‘Eurrént1y accepted exp]anation'of white light
would be reformed from the colors, and also if a single co]or‘from the
spectrum is treated similarly it remained unchanged, ;Hich facts led
to the currently accepted explanation of white 1ight as being composed
of all the colors. Newton also inyestigated the colors exhibited by
thin plates and films such as soap bubbles. He placed a slightly con-
vex lens on a flat piece of glass and observed it under white 1ight.
At the'cehtra1 point of contact, it appears dark, but around this
point Where the surfaces are separated by a very thin wedge of air,
there appears a succession of brilliantly colored rings first black,
then faint blue, strong white, orénge, red, dark purple, violet, blue
faint green, vivid yellow and so on. These rings are found to become

invisible. These are not the colors of the spectrum. Their origin

is better understood by considering the case where the illumination
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is moﬁgchroma&ic (of a single spectré] color). This produces a dark
center surroundgégﬁy>a large number of rings of the color used.

The rings in white light, then can be explained as a super-posi-
tion of all the colors. Not very far from the center so many of the
colored rings overlap that they become blurred.

Newton attributed the rings to "fits" of ref]ection}and trans-
mission an idea that is quite similar to tHe notiqn of phases in wave
theory. He criticized the wave theory as fai]ingwfswé;plain rectili-
near propagaéion and adopted a complete corpuscular theory of light
which held the field for more than a century. It supposed that light
consists of minute particles or corpuscles and attempted to explain
all of its behavior'in terms of varying corbuscu]ar properties. The
theory implies that the velocity of light must be proportional to the
refractive index and act inversely proportional as in the wave theory.

This distinction later provided a critical test which condemned New-

ton's theory.

C. The Wave Theory .

Early in the 17th century, Grimaldi had observed the shadow cast
be an opaque body placed in the path of a cone of light formed by a
hole admitting sunlight into a darkened room. He found the shadow
to be larger than that predicted by drawing straight lines from the
edges of the i]]uminéted hole past those of the opaque ogject. More-
over, there were colored bands of 1ight parallel to the edge of the
shadow (phenomenon of diffraction). Similarly, when a éircu1ar;h01e
was larger than it should have been by simple geometry. Grimaldi
hinted that light seemed to behave like waves in a liquid which could
spread out into the shadow of objects in their path.

A much stronger argument for the wave nature of light came from
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Christian Huygens who is the real founder of the wave theory of
1ight. He based his belief primarily on the idea that if a beam of
light were 1ike a flight of arrows, then when two beams cross, there
should be collision among the arrows. The general idea he deve]éped
is that light is a disturbance in a‘medium. Any disturbance acts as
a center that propagates a spherical wave disturbance which expands
at a constant speed. When the initial disturbance is not confined

to a single point, each point is regarded as a source and the subse-
quentldfsturbance is the geometrical envelop of the spheres surround-
ing all these sources. Refraction is explained by supposing that the

velocity of light varies in different media.

D. Interference of Light

The second great period of discovery in the field of wave theory
of 1ight in the begirning of the 19th century was by Thomas Young. He
adopted the wave princip]gs of Huygené, but extended its app]iéation.
In forming his theory, Huygens had considered only waves of the form
that we should now call "pulsed", but Young made use of continuous
periodic waves, which enabled him to explain Newton's Fings. He
stated the general principle of superposition "When two undulations
from different origins coincide, either perfectly or very nearly in-
direction, their joint effect is a combination of the motions belong-
ing to each." This prinéiple is quite general, but Young perceived
that interesting results would follow only when the two sources are
coherent, that is to say when twd beams from the same source are brought
to superposition, for only then could the irregularities in the process
of emission be the same for both. He set up what proved to be one of
the classical experiments underlying optical theory, namely Young's

Double S1it experiment.




IT. A CLOSER LOOK AT WAVES AND PARTICLES

Each of us has a perception of the differences between waves and
particles. We generally think of particles as héving the property of
being well localized and must obey certain laws of mechanics (e.q. New-
ton's laws). We also recall _that two particles cannot occupy the same
space at the same time. These laws of mechanics (particle méchanics)
those we cannot see. Our concept of Tecalizing particles may have
to be altered, however, when we consider yéry small particles, This
fact can be illustrated in a discussion of the role of probability in
producing interference patterns with electrons.

We are probably most familiar with wave motion through the'obserQ
vatidn of the wave patterns of water. We observe the waves rushing in
to the shore and the circular pattern of waves when we throw a rock in-

\ to a pond, A]though many waves patterns seem very complicated, they too
cah be explained by a few simple laws which govern their behavior as was
seen in the case of particle motion. These laws which govern wave mo-
tion are called wave mechanics.,

The study of wave mechanics is very necessary since all things can-
not be described by particle mechanics. The description of the nature
of lighi is one of those things which is difficult to explain by parti-
cle motipn alone or wave motion a]one.. It is not surprising then that
on the basis of their observations and experimentation Newton proposed
that 1ight consisted of beams of particles while Huygens, a Dutch physi-

cist, suggested that 1ight consisted of waves. Almost a hundred years

later, Young, through his double slit experiments, demonstrated that




Tight obeyed the laws of wave mechanics. S;i]] after another hundred
years, Einstedin's explanation of the photoefgctric effect showed that
this phenomenon could best be described by particles of light energy
called photons.

It is fairly clear then that in our study of the properties of
light, both theories inleving particles and waves will be necessary
for various experimental and theoretical descriptions. We will prob;b-
1y want to ask ourselves in each case what theory best explains a par-

ticular example and why.




IIT.

GEOMETRICAL OPTICS

Definition: The study of optics is usually divided into physical and
geometrical optiEs. Physcial optics is generally concerned with the
nature ana properties of Tight itself. Geometrical optics deals with
the propertiesnof optical instuments such as the telescope, microscope;
mirrors and prisms from which they are constructed. .

Objectives: A study of geometrical optics is important partly because

of the simplicity with which it explains many of the essential proper-

ties of optical instruments.’

Concepts: The basic concept in the theory of geometrical optics is

the ray of light. It is assured that the réy of 1ight continues in
the same straight line while it travels in the same homogeneous medium.

Reflection - Refraction: When a ray of light meets a surface separa-

“ting one medium from another such as the surface between air and water,

the 1ight flux divides, in general, and follows two paths, one of
wnich remains in the original medium while the other passes into the

second. Both of these paths continue as straight 1ines in so far as

. the media are homogeneous. At each surface, the eriginal 1ight path

(incident ray), the 1ight path in the second medium (refracted ray),
and the path that returns to the original medium (reflected ray) are
determined by simple geometrical laws, and the laws of reflection:i.e.

a. The incident ray, the reflected ray and the normal to the
surface at the point of reflection 1ie in one plane.

b. The incident and reflected rays lie on opposite sides of the
normal.

c. The angles made by incident and reflected rays with the normal
are equal. -

Laws of Refraction:

a. The 1né1dent ray, the refracted ray and the normal to the
surface at the point of refraction lie in the same plane.

2
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b. The incident ray and the refracted ray 1ie on opposite side
of the normal.

c. The sine of the angle of incidence {angle between incidenf
ray and normal) bears a constant ratio with the angle of
refraction (angle between refracted ray and norma]?. This
ratio depends on the composition of the two media and is
known as the relative index of refraction.

Demonstration Experiments: The purpose of the set of experiments here-
in dealt with is mainly to acqgeint the students with the basic con-
cepts and simple laws embodied in geometrical optics, in accordance
with the rectilinear propagation of 1ight in a homogeneous medium.
Without taking actual elaborate measurements, the student can be made
to visualize the phenomena of reflection, refraction, despersion, etc.
which would be sufficient for a basic understanding of the technique
involved in the construction of optical instruments and other related
studies. |

In demonstrating the experiments the use of a light ray box is

emphasized in most cases. Thus the student is introduced to the con-
cepts through experiments he can manipulate and inspect himself.

In the study of lenses there are certain basic principles related

to their construction which will aid in the analysis of images. If

we let two circles, each of radius R and center C intersect we observe:

assuming now that the shaded area is a lens of small thickness, R is

N
the radius of curvature and C is the center of curbature. This parti- |
cular lens is called a converging lens since it will tend to converge

light rays passing through it. We how consider three principal rays
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of 1ight passing through the lens: (1) one ray parallel to the axis;
(2) another ray through the center of the lens; and (3) the other
through the principal focus F (the brincipal focus is the point on
the axis where incident paféllel rays entering on one side of the
lens convergé at the principal focus on the other side of the lens).
If we adjust a ray box so that it gives parallel rays of 1ight
and place a convex lens in front of these rays we can show by adjust-

ing the lens the results shown in figure 1. ., . e e At s s e R

Parallel ray from ray box:

PR
\

(a)

Axis
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In {(a) the ray parallel to the axis is bent by the lens so as to pass through
the principal focus F;; In (b) the ray passing through the center of the
lens i; not deviated from its straight 1ine path; and in (C) the ray passing
through Fo emerges parallel to the axis containing Fy.

Many kinds of images can be found by placing the object at various dis-

tances from the lens, i.e. outside the principal focus, between the pringi-

pal focus and the lens, etc. Figures (F) and (G) illustrate two possible

,‘”posjtions for the objects and the subsequent images. In general, a real

image is formed by the conveying lens when th%\object is on one side of
a lens and the image is formed on the oppbsite side by intersecting prin-
cipal rays. The virtual image is formed on the same side of the lens as
the object and arises because of an "apparent" intersection of principal

rays.

v

iy .

A. Reflection: Let a beam from the ray box fall on a plane mirror
in a known direction. Catch the beams reflected image on a sur-
face and verify the laws of reflection quantitatively.

B. Refraction: Let the beam fall at an angle at the air-water bound-
ary in a trough. Catch fts direction on a ground glass inside wa-
ter and also emerging from water to air.

An experiment should be performed to emphasize the empirical relation-
ship of the incident angle to the angle of refraction as light travels
from one medium which has certain properties into another medium of dif-
ferent properties (e.g. from air to water; from air to glass; from glass
to water, etc.) using suitable apparatus (i.e. water tank, see figure 2)
to measure the angles at different interfaces, we shall call the incident

angle 97 (which we shall measure in air first) and the refracted angle

92 (measured in glass, water, etc.). This experiment is done in 1ieu of

a direct introduction to Snell's law in its familiar form.

(a) The data can be recorded in the following form using table 1.

Figure 2 illustrates the data technique.

20
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TABLE 1

9] ,
(Degrees)

82
(Degraes)

91/92

10
15
20
25

85
90 -

oo
)
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Light Normal
Beam A
81= Angle of
0, Incidence
_ 5= Angle of Refraction
Air -
Water
Tank 02
Figure 2
\
80
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(b) Make a plot of 8y versus 82 with 8; on the vertical axis and 95
on the horizontal axis and connect the points in order to form
a curve,

90 -

g] 45"
(Degrees)

45 90
8, (Degrees)

(c) Make a second plot using additional values of 9, as 3°, 4°, 5°,
6°, 86°, 87°, 88°, 89°,
Analysic Questions for a-c:

1. Is there some kind of relationship between the ratio 87/87
(i.e. Is the ratio a constant?)

: 81
2. How do the ratios of the small angels §7 compare? (i.e. with
1°, 2°, 3°, etc for 6y).

3. How do the ratios of the large angles gl-compare’ (i.e. with
80°, 81°, 82°, 83°, etc. for 6,) 2

4. Can you now predict from your curve the values of any 92 (<%9°)
once you know the value of 877 (Assuming of course that you

consider the same two media).

(d) Using table 1 and a trigonometry ‘taxt or mathematics handbook and
find the sine of each 87 and 92 and form table 2.

ce
povs




-14-

TABLE 2
. . sin 9
| sin 9]‘ 4 sin 8 ST 8,
\
Analysic questions for d:
1. tow do the values of the ratio sin 9] compare?

sin 67

2. Can you make any 8onc1usion(s) concerning the 81/@2 ratio as com-
pared to the Sin 81 ratio? :
sin 82

In gereral it has been determined that for two media (i.e. air and
water, air and glass, etc.) sin 81/sin €3 is a constant. In fact we can
now write a relationship:

sin 8] = constant = 0% =. Ny,

sin 87 ny

where the constant is equal to the relative index of refraction of the two
media (nyp). This is called Snell's Law. nq and np are the index of re-
fraction of 1ight passing from air into each of the two media respectively.
As an example:

sin @ air = n _glass = n gjass
sin 8 glass n _, ‘
air
32
2
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For this case n glass is almost equal to the index of refraction of glass
since n 45, is about 1.

Snell's law is a very valuable re]ationship; For now if we wish to
find how light will be bent on entering any substance from air, we need
only to have initially the index of refraction of the substance.

C. Total Reflection: In the above experiment, catch the image on a

screen emerging from the water inside the beaker. Change the di-
rection of the indident beam increasing the angle of incidence.

‘Demonstrate the change of position of the emergent beam. Increase
the angle of incidence further and further until the beam is sud-

denly found to disappear and to-appear in-a-different-diraction .« e v
altogether by total internal reflection, following the laws of
reflection.
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b1

D. Deviation and Dispersion Produced by a Prism

Direct a beam of white 1ight on to the face of a prism and catch
the spectrum on a screen on the other side. Note the order of colors.

Let the emergent 1ight from the second face of the.prism fall on
a similar prism kept in the reverse position to the first. The emer-

gent light will be found to give white light again.

o E. 1Image Formed by Lenses
With an illuminated s1it serving as the object on an optical bench, |

catch the position of its image formed by a convex lens with the object

at various distances from the lens (that is, object at infinity, just )

beyond 2f, at 2f between f and 2f between f and O etc.). Explain with

illustrative diagrams why the image cannot be caught on the screen at

certain positions of the object - the difference between real and vir-

tual images.

F, G, H. Illustrate diagramatically the formation of images by concave lens.
Demonstrate the working of the (F) camera, (8) microscope and (H) tele-
Scope in the classroom. |
Note: The Demonstration experiments can be shown fifst and the prin-

ciples and laws deduced thereafter, by general class discussion.

A. Reflection at a plane surface

=}
it
-

i = Angle of incidence
EMC 34 r = Angle of reflection




—

B. Refraction

\
\
N
Y \(‘ r
o \
air A -
water ' Ny
i i
r
\
(1) (11) (I11)
n = index of refraction
1 = Angle of incidence
r = Angle of refraction
(1) Normal incidence from air to water A

(IT) Oblique incidence from air to water * Sin i = Refraction index of water
Sin r with respect to air.

n
water
Naijr

(IIT) r& i Refracted ray is bent towards normal when a ray of 1ight passes
from a rarer (Air) medium to a denser (water) medium as shown in (III)

C. To:zal Internal reflection

N
7

air

water

o Total reflected
ray

c = angle of incidence (critical angle) for which
angle of refraction is 90°

30
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D. Deviation and dispersion produced by a prism.
1. Refraction through a prism. '

2. Deviation by a prism

Original direction
- of incident ray

Incident ray
(monochromatic)

r<<i, r=i
Deviated ray

3. Dispersion by a prism

white light

§ Red
T Orange :
' \ Yellow
Red deviated least Green  Spectrum
- : q Blue
Violet deviated most » Violet

4. Recombination of white 1ight by a prism

306
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5. Total reflection by a prism

Ray totally reflected at B
since angle of incidence at

\ B glass-air surface is greater
- L >critical /\ than critical angle for glass
s angle ¥ \ (= 42°)
R ‘ . 1 ; 3\

“ ¢

E. Lenses - Image formation

S — — ; -~ -

Convex Lens Concave Lens

¢ - center of curvature
F - focus of lens

0 - Optic center

COC - Principal axis

Principle underlying formation of images

rd = .
Concave lens -

+ 1. Illuminated gives divergent rays
object

Convex lens - gives
convergent beam
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A ¢
pa
c F \o0] F ¢

Ray parallel to principal axis passes through focus after refraction

L

Ray passing through the optic center passes undeviated

F. Principle of the camera

2\

MOI
L g et
F c 0

00' - Object in front of lens (beyond C)

II' - Real diminished image on screen (photographic plate)
, formed between F & C

hen

”{‘ 2
g
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G. Principle of the microscope

i
Bl
el
[
re
~ ”
s 7
P e
] 7
A -0
L
e
z 4. Y Py
v v
cC 0o F I

00' - Tiny object (placed between optic center
C and focus F)

II' - Virtual enlarged image formed beyond C
at the least distance pf distinct vision.

H. Principle of the telescope

T\ e——

I
|
|

!
|
}
|
i

Sl
First imége,l-formed by lens Ly of

the distant object is adjusted to be within the focus
of the second lens Ly so that an enlarged image II' is obtained.

39
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Note: (1) Steps (A) to (E) can be demonstrated easily in class by using

a narrow laser beam and appropriate prisms, lenses, mirror etc. (If a —
compact laser kit is available all the equipment necessary are provided
for demonstrating the above experiments).v ‘

{2)k It would be of interest to the students to go a little further in

the play of mirror and lenses and demonstrate to students the formation

of images by multiple reflections and by curved mirrors (concave and con-

vex) and illustrate the difference between real and virtual images.
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‘Problems for class discussion

1. When a straight stick is placed in water at an oblique angle
to its surface the part under the surface appears as though bent
upwards. Explain the effect with the help of a diagram.

2. A pool appears more shallow than what it really is. Explain
diagramatically.

3. "You see the sun after it sets in the horizon" and the duration
of day]fght is extended to a small extent owing to the refraction
of sunlight by earth's atmosphere. Iilustrate this effect with a
diagram. |
4. Flint glass and carbon disﬁ]phide have almost the same index
of refraction. How does this explain the fact that a flint glass
rod immersed in carbon disulphide is nearly invisible?

5. Why is a beam of white light not dispersed into its components
colors when it passes perpendicularly through a pane of glass?

6. Explain why a cut diamond held in white 1ight shows flashes
of co]ori What would happen if it were held in red 1ight?

7. Why do stars twinkle? |

8. Explain diagramatically the optical illusion - "Mirage."

9. How i§ the rainbow formed?

10.  You see yourself enlarged or diminished or inverted in curved
mirrors. Illustrate the effect with diagrams.
11. What optical principle is made use of in the design of the

periscope of the submarine?

12. How many images of yourself can you see between mirrors in-

" clined at 90°, parallel to each other.
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Hints to the answers of selected problems.

1. '<Q observer
A
air
water ~
/
/
/ .
Image 1Y
Every point on the
4 » scick under water
0 object appears to be raised.
2.
_.; I~ Image of the bottom of pool
Bottom of pool
0 0 v
Image
3. observer—- Imge Of :the sun * Star

—— e ——
e -

Horizon

,/,::37'_‘?55:——-_______§__; Sun

In light entering the earth's atmosphere from heavenly bodies such as

the sun or star, refraction takes place from rarer to denser atmosphere, and
the ray is continously bent towards the normal. In such astronomical refrac-

tion, it has the effect of making the heavenly bodies appear higher above

4
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the horizon than they really are, and even after the sun goes below the
horizon, for a short while the 1ight from it reaches the earth.

denser air

thinner air in
the vicinity of
—— heated ground
T ~ |

(sand or concrete)
\ |

X

Refracted rays away from normal till far an angle of incidence (at a
lower layer of air) greater than critical angle, total reflection occurs -
and the rays reach the observer at a distance whereby he sees the invert-
ed image of the distant object as if reflected on the surface of water.
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10.
Concave Mirrors
00' - Object beyond C
¢ 0' IT' - Image between F & C,
\. A diminished, inverted real.
I
_ 0
’
00' - Object between F & C
IT1' - Image beyond C5
enlarged, inverted real.
I [}
00' - Object focal length
II' - image formed behind
mirror{ Enlarged, erect,
I virtual.
\
Convex Mirror

00' - Object anywhere in
front of mirror.
0 II' - image always fowmed
behind mirror]
diminished, erect, virtual.
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PHYSICAL OPTICS

A. Introduction

In general, Physical Optics dga]s with the nature and properties of
light and how they are manifestedfin the different phenomena in exhibits
in its interaction with itself and with matter. The main topics dealt
with in this section are finding answers to some of our observations and
experiences in nature, as for example,

1) Why does an object appear colored?

2) Does light possess energy?

3) What is a wave?

4) What are the different types of waves and what are their properties?

5) Is light a wave motion and does it exhibit the same wave properties

as mechanica]ﬁwaves, water waveg, sound waves?

Objective

In finding answers to these and other such questions, the student should
be able to grasp the main ideas about waves and their‘genera1 behavior. He
could then more easily apply his knowledge to the abstract idea of light
waves and the effects the waves produce. - These topits are dealt with in

detail in the later sections of this unit.

B. Color and Dispersion

In the earlier experiments on refraction we observed light as it passed
through glass having two parallel sides. OQur obiservations showed that the |
emerging rays of 1ight were parallel to the entering rays. Howevér, when
two faces are not parallel, the 1ight will emerge in a different direction
than it entered.

Suppese we takeAEyo prisms and arrange them first with two béses to-

gether and shine parallel beams of light through them.

44




Figure 3 shows the results.

N

Figure 3

VY

In each case the light beams are seen to emerge in a direction toward the

base of the prisms. Figure 3a shows the emerging beam spreading out or

dispersing while figure 3b shows the emerging beams converging.

1. Experiment - White Light Dispersion

Let us shine a'beam of white 1ight from the ray box through a prism

and observe the dispersed 1ight on a screen (Figure 4).

RAY BOX

-~

WHITE LIGHT
(Incident Beam)

Figure 4

SCREEN

COLOR SPECTRUM
(Refracted Beams)

J

~o
o
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Analysis Quesfions:

1) In what direction do the emerging rays appear to be bent toward the

vertex (the pointed end) or the base?

2) How many colors do you observe?

3) Can you tell which color deviates most from its original direction?

4) Can you make -any conclusions about the make-up of white light?

We may conclude now that from the previous demonstration that white 1ight
is passed into the prism and the prism does something to it (namely disperses
it). A logical question now might be, "why do objects appear colored"? A
further question may very well be "Do colored objects take white 1ight and
do something to it that makes the objects appear colored"? Since we see
things by the light that comes from them, we may ask, '"does an apple appear
réd because the skin of the apple absorbs all of the colors of white light
except the red which is reflected"? The following experiment will help us .

examine this possibility. This experiment is taken from the PSNS text (PSNS/

An Approach to Physical Science, John Wiley & Sons, Inc., 1969, p. 47,)

2. Experiment - Colored Objects
Make red, blue, and b]éck marks on a piece of white paper. Use the red
and blue crayons which are supplied for you and a regular black pencil. ‘Now
look through the red filter (the piece of red transparent material) at the
marks on the sheet of white paper.
(a) Describe the appeardnce of each mark as viewed through the red
filter. |

b

7"(b) Is the first hypothesis in agreement with your experimental re-
< (A.\;v" .
sults? The second? Discuss the evidence.

(c) Can you explain why there is so 11tt1eiconstrast between the

red mark and the white paper when both are viewéﬁ through the red filter?

This experiment seems to show that white 1ight is made up of many colors,
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ey Srrepay XAV

somegof which are absoEBed oy colored objects while others are reflected
or transmitted. If this is really true, why doesn't white 1ight 1ook many
colored? The answer to this involves the combined operations of the eye and
the mind which enable us to see a many-colored beam of light as white. If
white light is composed of many co]oré, can it be separated into those c¢olors?
Have you ever seen a little rainbow formed by 1ight passing through a piece
of glass? You can demonstrate this for yourself.
3. The Appearance of Ordinary Things
A Summary
The theories of light are not much concerned with the appearance of
ordinary things. In the objects seen around, one distinguishes between
the luminous and the non-luminous.

a. Colored Objects

The non-luminous objects are visible only by light reflected
from some luminous source as the sun or a lamp and their difference
in appearances are attributable‘so1e]y to the different ways in
which they reflect light. Thus a black object is one that reflects
relatively very little light. A co]ored object is one which reflects
some colors but not others. L
Example

ITTuminate a piece of red paper with 1ight passed through a green
glass. The result is that the red paper will appear black because
there is no red light for it to reflect. On the other hand, being
a mixture of all colors, a white object is one that reflects all

colors about equally, and so it looks colored if illuminated only

by a colored 1light.

b. Mixing Colors

When two pigments of colors are mixed, the res&]ting color will

be that which they both can reflect, and may be quite different from
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" the color seen when the colored lights are superposed on a white screen.
Example
If light from red and green lamps is compounded this way, the result is
a brilliant yellow. But red and green paints when mixed, give a dark
muddy color because there is little light that théy can reflect in com-

mon.

4. Qpaque Objects

A Test

One easy test of whether a substance is obaque is to see whether

it is of the same color for reflected and transmitted light.
Example

A sheet of red paper looks red whether we look at it under a light
or through it at a 1ight. In both cases, each reflection in the tan-
gle fibres reduces the amount of green and blue 1ight by absorption
so that only the red emerges. 6n the other hand if a substance is
truly opaque, the result will be quite different.
Example ‘ |

Gold reflects yellow light more effective]y than other colors and
thus appears yellow with reflected light. With a'very thin sheet of

gold, the transmitted light will be bluish green.

&

C. Experiment - A Chemical Reaction Prdducedgpy Light

| The purpose of this experiment is two fold. First it is a graphic
proof of the fact that light interacts with matter in such a way as to
cause changes in that matter. The second purpose of this experiment is
that the students will gain additional experience in laboratory techniques
and observations. This experiment is faken from the PSNS text. (PSNS/An

Approach tBJPhysica1 Science, John Wiley & Sons, Inc., 1969, pp. 44-45.)
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You will need a solution of silver nitrate'and a solution of sodium
chloride (table salt) for this experiment.

Place ébout 10 to 20 ml of the sodium chloride solution in a shallow
container, such as a watch glass or small dish. Pour a few milliliters of
the silver nitraté solution into a small container so that it can be easily
withdrawgwyjth a‘medicine dropper. Cut out a small piece, approximately 3
cm X 8 cm, of absorbent whité paper, preferably filter paper, and p]ﬁce it
on a paper towel. Thoroughly moisten about half of this paper wifh the sil-
ver nitrate solution, using the medicine dropper. (If, by accident, you
spill any silver nitrate on your hands, wash if off immediately with water,
or a dark stain will result that will take a few days to disappear.) Pick
up the piece of paper by the dry end and submerge the wet_portion in the

sodium chloride solution for about 20 sec. Do you notice anything happening

on ;he surface of the paper? Is there any change in the appearance of the

~
b

solution?

Remove the paper and place it between two paper towels for about 10
minutes. Then take off the top towel and quickly place some object such
as a coin, key, or paper c1;3:3n the piece of treated paper. Place the
paper and object in direct sunlight or close to a bright 1light bulb. What
happens to‘the exposed portion of the paper? The exposure time under the
Sun should bé about 5 minutes, but under a 1jght bulb 10 or 15 minutes will
be needed. Remove the object and‘'record your observations. 'Keep this pa-
per for a day or‘twé and record your further observations. Have youjpro-
duced a permanent record of the shape of the object? If not, can you think
of ways to make it permanent?

The experiment you have just performed is a bhotographic experiment.
The prefix "photo" refers to 1ight; the suffix "graphic" refers to the re-

cord on the paper. The action of the light on the substance with which you
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impfegnated the paper caused it to become dark, and thus the record was
made. |

It is clear that light does indeed‘have an effect on the substance you
exposed to it. This tells us something about the substance, but it also
tells us something about Tight. Light produced a chemical change; there-
fore it has energy and can transmit thatbenergy to objects in its path.
Let us see what knowledge we can add to what we have just learned. ‘
| We see objects because they either reflect light or, like the Sun emit
their own light. From each visible bit of an object, rays of light reach
our eyes, bringing us information about each particular spot on the object.
The 1ighf has intensity - one spot may be brighter or fainter than others,
Tight has color - that spot may be red; and 1ight has direction - we can
see the object so we know where it is: The mind piéces together all these
bits of information to form a concept of the object from which the light
comes. Light is essential to our investigation of solids and of the world
in general. Since our investigations sometimes dependwupon its less fami-

Tiar properties, we need to examine light and the nature of its interaction

with solid matter in more detail.

D. Interference

1. Objective

After acquiring an idea of wave motion in general, you can proceed on to
an abstract line of thinking when you deal specifically with the two pheno-
mena éxhibited by 1ight waves, namely, interference and diffraction. How-
ever, for a better understanding and application of an abstract phenomena
the analogous behavior of-mechgnical waves, expecially water waves, are
first studied, and the knowledge app]fed to the light waves of microscopic
dimensions. This method of generalization and application is essential fo

the scientific approach,

an
-
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Moreover, by engaging in a few lab experiments where actual measurements
are taken to determine the wavelength of light, an introduction to microsco-
pic dimensions and to a quantitative determination of their methods are done.
This approach is very revealing in that it gives one an idea of how scien-

&£

tists work and arrive at their important r%su]ts many times by simple me-

thods.

2. Introduction

Newton's experiments and his logic theory established the particle mod-
el of light and it Qas not questioned uhti] the Dutch scientist Huygens -
put forward the idea that light might be a form of wave motion. A stronger
evidence for the wave nature of 1ight was brought up by Thomas Young (1801)
in his double-slit experiment which proved to be one of the classical ex-
periments underlying optical theory. The experiment is simple and can be
performed in the lab and from the observations, interesting and en]ighten-‘
ing conclusions can be arrived at regarding the behavior of light waves.

3. Young's Double-Slit Experiment

Apparatus

a. Source of light - An incandescent lamp with a long straight
filament. ' ’

b. S1it-System - Take a mfbﬁbscope slide that has been painted

with a suspension of graphite in alcohol. Hold two razor blades

~re

tightly together and using a second microscope slide as a guide,
draw the razor blades Tight]y across the graphite-coated surface
so that the slits are parallel to the short edgerf the slide.

Experimental Procedure

Place your eye close to the slits, and look at the lamp as shown,

making sure that the slits are parallel to the filament of the

lamp.




Light from a lamp

source passes through

two parallel slits '1

and into the obser- ’ A

ver's eye. : . ja

1. Observations

You see several bande of colors in a direction parallel to the slits.

Inference |

The bands of 1ight seen spreading out to the right and to the left can

result only if the light does not pass through a narrow slit as a sin-

gle narrow beam, but spreads out in either direction. -This will result

in the light from one slit being superimposed on the light from the other

slit. Hence it is possible that these two beams of light will interfere
. with each other in some way, and the pattern formed is called an "Inter-

ference Pattern." .

if Tight were composed of particles that behave as marbles do, one

would probably expect to find two bands of 1ight with perhaps a slight

overlapping but certainly with no band of colors.

2. The central part of the band (for a white 1ight source) is found

to be white. “

3. On either side of the central white band, the order of colors range

as in a continuous spectrum starting from red and ending with violet.
4. Observe the lamp bulb through a red- filter (cellophane) so that

only red light passes through the slits. You see only red and black

bands equally spaced. |

5. Cover the upper half of the light source with a red filter and the

lower half with a blue filter and observe the pattern.
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The blue bands are found to be more closely spaced than the red
bands. | ﬁ
6. Increase the separation bétween the slits by using a third razor
blade as a spacer between the two razor blades while cutting the double
slits, and observe the interference pattern with this slit system.

The pattern'is found to have the bands more closely spaced with
wider separation of the slits.

To understand the origin of these bands, we must first discuss in

detail the principle of superposition which is one of the fundamental

laws governing wave behavior.
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Principle of Superposition

a. Water Waves

Experiments with the Ripple Tank

Generate two trains of parallel water waves of the same amplitude from
opposite sides of the tank and observe what happens to tﬁe surface of water
as the various waves pass by. ”

ObserQation

The surface responds to both sets of waves, with each set acting as
though the other didinotrexist. If two crests simu]tgaédusiy péss a gi-
ven point,_the water level there rises fo a height equal to the sum of the
individual heights of each crest. Similarly, if two troughs simultaneously
pass the point, the water leve! then falls to a depth equal to the sum of
the individual depths of each trough. In the event that a crest belonging
to one wavetrain meets a trough belonging to the other and if the ampli-
tudes of Both are the same, there is exact cancellation and the water level

neither rises or falls. The diagrams in figure 6 illustrate the result.

r Crest

(b)
——
4 / =
(c)

- The principle of superposition
Figure 6




The principle of superposition is a statement of the above behavior and
applies to all wave motion. The principle can hence bé stated as "when two
or more waves of the same nature travel past a given point at the same time,
the amplitude at that point is the sum of the instantaneous amplitudes of .
the individual waves." |

When the waves come together in such a way that crest meets crest and
trough meets trough, the resuitant composite wave has qn\amplitude greater

;

than that of either of the orfbina] waves, and the waves are said to inter-

fere constructively with one another.  Should the waves come together in

such a way that crest meets trough and trough- meets crest, the composite
wave has an amplitude less than that of either of the original waves, and

the waves are said to destructively interfere with one another as shown

below.
Crest
AN, )\ \
\J
(a) + " Trough =

. Waves can in-
LN ) //A\> //TX Constructive interference terfere with
\\,/[ ‘\y//, each other even

if their wave-
lerigths differ.
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r /r“\ 1//\\\ P Destructive interference

" Fjgure 7
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LT,

Example: Beats in Sound Waves

Take two tuning forks whose frequencies are slightly different and
‘étrike them at the same time. The sound you hear fluctuates in intensity.
At one instant, you hear a loud tone, then virtual silence, then a loud
tone again, then virtual silence and so on. The original of this behavior

is shown schematically.

A “3'\“7"}{”\ ya)

VARVARV AR
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Diagram illustrating the origin of beats

b. Waves in a Ccil Spring

Experiments

By striking one end of a fairly taut long spring held between two stu-
dents, generate a pulse and observe the motion of the pulse down the spring.lw'
Let us suppose that the pictures in figure 8 weré faken‘with a motion pic-
ture camera, showing the shape of the coil spring at intervals of zé-sec.

[A ribbon tied at one position is found to bob up and down as the pulse
goes by, but it does not move in the direction of the pulse which shows
that the points‘on the spring transmitting the wave move in a direction per-
pendicular to or transverse to the motion of the wave. The wave is called a
transverse wave whose motion is similar to the wavemotion on the surface of

water.

o ' 1. Determine the speed of the wave pulse for various time intervals

RIC 57
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Figure 8

The motion of a pulse from riaht to left along a spring with a ribbon
around one point. The ribbon moves up and down as the pulse goes by, but
does not move in the direction of motion of the pulse.
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experimentally as well as from the camera pictures by measuring the
distances the wave moves in a certain interval of time (by laying a
straight edge along corresponding maximum height points on each wave)

Question: Is the speed of the pulse constant?

2. Determine from the pictures in figure 8 if the amp1itude changes
with time. |
Question: Although there may be no appreciable decrease during the small
interval of time, can onevconclude that ultimately such a pulse would

_die out? If so, why?

3. Determine the effect when two wave pulses each generated from
each end of thgmgoiT springmﬁjg the same manner) travel through the
same point at the same time. The motion camera pictures in figure 9
illustrate the effects.

{. The frame after 6/24" shows thevmaximum overlap of the two
pulses, with the result that the amplitude is greater than the am-
plitude.of either of the original pulses.

From the pictures in figure 9 measure the amplitude of each pulse
at £/24" and the amplitude of the combination of these two pulses
at 7/24".

Question: How does the sum of the ampiitudes of the individual pulses
compare with the amplitude of the combination of the two pulses?

ii. In the last four frames of(figure 9, the wave pulses pass
through one another apparently uhchanged in shape and the one which
began on the right continues on to the left and vice versa.

Questions: How do the amp1i£udes of the two pulses compare before and
. after the "crossing over?" Is there an increase or decrease in ampli-

tude of either pulse before and after the "crossing over?" Does this

phenomenon demonstrate that one fundamental property of waves is that

0y
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Figure 9

Two pulses crossing each other. totice that the two pulses have different
shapes. Thus we can see that the one which was on the left at the beginning
is on the right after' the crossing, and vice versa.
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two wave pulses can pass through one another without being altered?
(Figures 8 and 9 are from: PSSC Physics, D. C. Heath and Company,
Third Edition, pp. 93-94, 1971)

It is probably instructive to point out here that the distance between
two adjacent points in the same state of displacement on a wave pulse is

called the wavelength and is usually represented by the Greek syhbo] Tamb-

auuA

Figure 9 :
This means that the distance between the maximum point of any two adjacent

crests or between the minimum points of any two adjacent troughs is a wave-
length. If the frequency of the plunger caus?hg the waves in the'fipp1e
tank is known and the wavelength is known for a particular wave, the velo-
city of the wave pulse can be found. In fact that relationship is:
Velocity (v) = ¥ (frequeﬁcy) X A (wavé]ength)
(distance travelled (per second) (centimeters)

in centimeters/sec)

this equation of velocity can be generai]y app1iéd to all types of waves.

E. Light Waves - Analogy with Water Waves

We became aware of some general characteristics of wave motion in chap-
ter IV which can now be applied to the study of 1light and its properties.
It was seen that waves in a coil spring obey the principle of.superposj£ion.
As they move through each other, the waves add together to form a total

wave that is the sum of the amplitudes or heights of the individual waves.

- b1
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This denotes that when two crests meet, they form a higher crest; when two
troughs meét, a deeper trough is formed; and when a crest and a trough of
equal amplitude meet, they cancel each other leaving the coil spring with
no displacement.

This idea can be used to predict the wave pattern formed when two
plungers that are side by side cause wave patterns by bobbing up and down.
A set of circular waves is produced by each plunger. These circular waves
consist of alternate crests and troughs. Figure 10a shows a picture of
the circular water wave patterns produced by a plunger in a ripple tank.
(The crests and troughs are represented by 1ight and dark areas respective-
1y). |

Water waves obey the principle of superposition as seen with the coil

spring. Suppose we leét two plungers bob up and down in a ripple tank.
Figure 10b will allow us first to visualize graphically the resulting wave
pattern and 1a£er observe an actual ripple tank demonstrat{onﬂ The high
crests will appear where both arrows point upward and the deep troughs will
appear where both arfows point downward.

Eigure 11a shows an actual ripple tank photograph of an interference
pattern. In_this photograph, the flat water or lines of destructive inter-
ferehce appéér ;ark and the crests or constructive interference are repre-
sented by the light areas (this could be vice versa). Figure 11b demonstrates
a further analysis of this pattern and shows the beams of waves.

In our later actual physical experiments performéd with light, we can

" interpret the bright bands of 1ight as rays of constructive interference

while-the dark regions are rays of destructive interference: Thus, we can

expect alternate bright and dark bands on a screen if we place it anywhere

across superimposed light waves.

Q ' (3?3
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To diagram the circular

wave pattern we will use
arrcws to distinguish be-
tween crests and troughs.

©

Figure 10a

finish shading diagram

To visualize the re-
sulting wave pattern,
we have started to shade
the flat water (lines of

-nodes) pale gray and the

deep troughs (where both
arrows point downward)
dark gray. The high -
crests (where both arrows
point upward) have been
left white. Use a pen-
cil to finish this shad-
ing, and compare the
result with the photo-
graph (c) of the aectual
ripple tank pattern.
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Figure 1la

Ripple tank photo-

graph of interference
pattern. As in-our
shaded diagram (b),

the flat water or lines
or lines of nodes ap-
pear dark and the crests
light (or vice versa).

Where the waves cancel,
lines of nodes appear.
Between the nodes are
the beams of waves.
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F. Interference Pattern in Young's Double-s1it Experiment

A Thought Experiment

In figure 12, light waves from slits Sy and Sp travel identical distances
in reaching the central position 0 on the screen, and consequently they in-
terfere constructively there. ' -

The reason for having the 1ight reaching Sy and Sy come from the same
source S is now evident, for, a 1ight wave leaving S1 is always in exactly
the same part of its cycle as that leaving Sp at the same time, so that when
a crest leaves Sy, a crest also leaves S»s and when a trough leaves Sy, a-
trough also leaves 52, and so on.

1. At point 0. ‘

When waves from the two slits meet at 0O, they reinforce one another
to produce a bright 1ine. If different sources of light were used to
i]]uhinate S] and 52 the 1ight waves leaving S] and 52 would be indepen-
dent of one another, and when they meet at 0, they would usually be
different parts of their cycles, (i.e. they would be out of phase). No
interference patterns of light énd dark lines would resu]t.a1though dif-
fraction (bending of 1ight) at the slits would cause the screen to be
weakly i]]umiaated. Hence, interference phenomena are possible only
when a siné]e original light beam is split into two or more parts which
travel along different paths and later recombine.

2. At point P-l

Consider the point Py on the screen located to one side of 0. The
distance SZP].is Tonger than the distance S]P] by the amount SZQI'
i.e. SoPy - $1Py = SoQy = path difference.

Q i 85
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V‘Figure 12

The Origin of the Double-s1it Inteference Pattern

Suppose 5201 = 1/2 A, where A = wavelength of light used {of s) then, when
a crestlfrom Sy reaches Py, this difference in path length means that a trough
from Sy arrives there at the same tié; (since 1/2 x separates a crest and a
trough in the same wave). The two cancel éach other out, and the light in-
tensity at Py is zero. }herefore, a dark line results on the screen at Py.

[ Atrthe point 0, the path lengths from S, and S, are equal and this
gives rise to qonstfuctive interference. At the point Py, the difference
of 1/2 A in path length gives rise to destructive interference]
3. At point Py. On the screen at the point P,, suppose the distance SpP2

is greater than distance SyPp by exactly one wavelength.

i.e., The path difference between SpP and S1Pp = SpQ and SpQp - -1y
Consequently, when a crest from Sy reaches Py, a crest from 52 also arrives
there.

Since S,Qp =1, waves arriving at P, from both slits are always in the

same part of their cycles, and they constructively interfere to produce a

ERIC 6o
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bright 1ine at P».

By continuing the same analysis, we find that the alternate 1ight and
dark 1ines observed on the screen correspond respectively to locations where
constructive and destructiverinterference occur .

~Thus, in general, at points on the screen where the path difference is
equal to a whole number of wavelengths (A, 2\, 3X, etc.) constructive inter-
ference occurs and at such points will be a bright line. )

At‘pbints on the screen where the path difference is equal to an odd num-
ber of half wavelengths (1/2x, 3/2x, 5/2x, etc.) constructive interference
occurs and at such points there will be a dark line. -

At intermediate locations on the screen, the interference is only partial,
SO that the Tight intensity on the screen varies gradually between the bright
and the dark lines.

Conclusion. The double slit experiment demonstrates that both diffrac-
tion and interference occur in Tight. Since both are phenomena characteris-

tic_of waves, this experimett is further evidence for the wave nature of light.

5
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G. Experiment - The Determination of the Wavelength of Light Using the
Double-S1it Interference Method

1. Introduction

The physical science course is built around one main topic, namely
"solid matter" and this line of thought is pursued in'the,subject matter
dealing with light. In order to make an investigation on the structure
of solids and to form an idea of intermolecular distances in a solid
based on X-ray,diffraction experiments, a study of the behavior of
waves in general is dealt with initially. The phenomena of superposi-
tion of waves, interference and diffraction are made intelligible to the
student by experimental demonstration with a coiled spring and waves in
da ripple tank. You can proceed to a microscopic outlook and you dis-
cover for yourself the magnitude of the wavelength of 1ight in the labo-
ratory using simple equipment. The present experiment consists of apbly—
ing Young's technique of using double slits to study the interference
pgttern with 1ight waves and invgetermining the wavelengths of the dif-
ferent colors of light. ‘

An opportunity to gain experience in computer programming is also
given. This is done by using the computer to ba]cu]ate the wavelengths
from the observations made in the experiment at the end.

2. FPrinciples of the Method

When waves spreading out from a slit S pass through slits S,
and 52, they emerge from each slit as circular waves. By the principle
of superposition fcr the waves traveling outward from slit S and 57>
when two crests are superimposéd (or two troughs are superimposed) a
reinforcement occurs, which is termed constructive interference. When
a crest and a trough superimpose, caﬁté]]ation or destructive interfer-

ence occurs. With regard to light waves emenating from the slit S and

spreading out from slits Sy and Sp, the bright rays of 1light are rays

66
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of cancellation. Thus a screen placed anywhere across the superimposed

waves will show alternate bright and dark bands on it.

S>’/i) O
//
3.  Theory of the Method
S
4\1&,0\
d sk / — 0
LS // \-\\‘.\N
¥39 ..

Let S1 and Sy represent the two slits. Let P be a point on the

screen placed at a distance of about a meter from the slits where you

“cbserve the interference bands which consist of alternate bright and =~

‘dérk bands equally spaced,‘on either side of the central bright bend

at 0. The point 0 will be always bright since it is equidistant from
S, the midpoint of Sy and 82 and only constructive interference can take

place there. Let us now consider a point P on the screen, a small dis-

6J




-52-

tance away from the central point 0. Point P will be bright or dark

depending on the fact that the waves starting from S and 52 reach there

to form constructive interference or destructive interference, and this
happens when the difference in the path length which the waves from S
and S, trave! (i.e. S]Q) corresponds to any multiple of the wavelength
of the light for constructive interference or any odd muitiple of half

a wavelength for destructive interference. i.e. P will be bright when

AS]Q = nx and P will be dark when $1Q = (n+1) A/Z where n s any

integer and A = wavelength of the incident Tight.

In forming a quantitative expression relating the wave'cngth the
slit separation d, and the distance of point P from 0 (i.e. OP)
and the slit system (SP), one has to take in to consideration certain
theoretical aspects with regard to the magnitudes of A, d, and SP and

make certain assumptions. Figure 13 explains the situation.’

Figure 13

The s1it separation d is very smail compared to the distance of

the screen from the slit system, and therefore we can assqmg”thqg ;hewm S

— ]

| 1fhes SyP and SP in Fig. (13) are nearly parallel to each other, and

make the same angle ¢ with the horizontal. If SZQ is drawn perpendicu-
lar to s]p,.Ls1szQ is also = ¢ and S]Q }eﬁresents the path difference

between wavelets from S] and 52 reaching the point P. Hence by theory

70
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. if $;Q = nx point P will be bright and if 5,0 = (n+1) A/2 the point P

will be dark (n =0, 1, 2 ...).

—

Now S.Q
, = Sin ¢

w

152

i.e. path difference S$1Q = dSin ¢

If dSin b nx  the point P- is bright

and if dSin ¢ (n+1) A/2 point P s dark

Again, in an actual laboratory experiment, with a double slit sys-
tem, the theoretical diagram of Figure 13 and thus the
midpoint of the slit system S becomes indistinguishable from Sy and
So> on account of the extremely small dimensions. Hence angle OSP mea-
sures the angle and Sin¢ is numerically equal to OP Hence in an ex-
_ _ th s SP.
periment if P corresponds to the n*" bright band from O,

d x =n A

"o
| o

where all the quantities except A can be experimentally determined,
and hence » can be easily ca]cu]ated.v‘
2The double sl1it used in the experiment is constructed as follows.

A glass microscope slide coated with an opaque film of graphite, made

by painting the surface with a suspension of graphite‘in alcohol is the

screen on which the narrow slits can be produced by drawing a razor

blade over the graphite surface. For making a double slit, as is needed

in this experiment, the slits should be very narrow and very close to-=
~gether. Two razor blades are held together tightly and using a second

microscope slide as a gu%de, the rézorfs1ades are drawn lightly across

the graphite coated surface. The two lines form two narrow slits se-

parated from each other by the thickness of a blade.

Now placing tour eye close to the slit system, look at allamp placed

\
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about a meter from the eye. The schematic diagram of the experiment is

»shown in Figure 14.

P-\mww nth Double-slit

Central ray

Figure 14

One observes a series of bands of different colors with a central

white band when white 1ight is used, and if the light is interrupted by
a red fi]ter,)one observes a series of red and black bands in accordance
with thertheory'of formation of bands by conétructive and destructive
interference. The retina of the eye serves as the screen here.

To make quantitative measurements the following experimental pro-
cedure is adopted.

Using a red filter over the lamp, look at the lamp through the
double slit. Locate the best section of this double slit which gives
the clearest pattern and scratch a small window just above or below it.

A meter stick clamped above the Tamp horizontally will enable measure-

ments to be made.
The microscope slide is so held thatAone can look through both the
double slit and the window at the same time. The band resulting from

the central ray will be seen in line with the filament of the lamp.

Clamp the meterstick in position directlymabgyewtheufilamgnxmQiAthelemp,,bm

Now colnt the number of bands between the filament (zero band). and
the farEhest band. This number gives n in the equation. From Figure 13

Sin¢ 1is given by QP CP can be determined by noting the distance of

SP. ) .
this nth band from the zero band along the meter stick and SP, the dis-

~
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tance between the nth band and the slits on the slide S can be directly
measured.

Finally to determine d, the siit separation, or the distance
between the cutting edges of two razor blades he]d together, a stack of
razor blades is taken and jits thickness determ1ned accurate]y, from
which dividing it by the number of blades, the value of d will be

obtained. Figure 15explains the method of finding d.

= 1/4

AN/

Figure 15

Now, knowing all the terms in the equation dSin ¢ = ni» the
wavelength ofﬂlight can be ca]cu]af;d. The experiment can be repeated
using the same s1it for various values of n and SP, and iéﬁeach
case measuring OP.

Use of the Computer in the Calculation

., A= d Sin ¢
n T
P . éfﬁ“$w;rwgfj€>h£;ﬂl " _
SP y
Program

100 INPUT D, X, Y, N
110 LET X = (D * (x/y) )/n
120 PRINT z

130 END
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Data for X, Y, and N can be supplied for the same value of D, and the
wavelength of 1ight (Z) can be computed. For each set of data, using
different color fi1ters;-the wavelength of each 1ight can be easily
computed.
Comment

The experiment with the double s1it in determining the wavelength
of lTight serves as a pedagogical device for introducing and discussing
the wave theory of light. To carry out this experiment successfully
demands careful observation, for in repeating the experiments with
different color filters, for example, only careful observation will make
one realize that the red interference pattern spreads out more than the
blue which makes it possible to generalize observations that as the
wavelength gets larger, for the same slit separztion, the band width
becomes greater and the pattern spreads out.

The experiment with its theoretical background also gives training
“in applying simple mathematiés,to interpret.obée;;ations from a theoref,“
tical point of view.

HAbove all, to an interested person it will be a revelation that mi-
croscopic dimensions as the magnitude of the wavelength of 1ight could
be almost accurately détermined in a laboratory by using simple tech-
niques and 'simple equipment.

One will be fascinated in getting the cpmputér to solve programs

and make cafcu]ations by designing‘simgje programs.

L UV

. Other Materials Bo be Used

a. Film Loops
The film loops that can be shown to describe the nature of wave forma-
tion and its'physica1 behavior are:

1. ~ Formation and reflection of waves in a ripple tank - straight

74
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waves, circu]ar.waves, waves reflected from straight barrier, circular
barrier, elliptical barrier.

2. Superposition and interference of waves from two vibrating sources
in a ripple tank.

3. Interference bands formed by a double-slit for white light-and
Colored lights, and the nature of the pattern as the wavelength of

the incident light is gradually increased from violet to red and vice
versa.

4. Interference bands with monochromatic Tight and how the pattern
Changes with increasing slit widths and also with increasing separa-

tion between slits.

b. "Movie Projector

A half hour sound film explaining the.wave propagation in a coiled spring,
reflection, superposition, etc. can be shown thus enlightening one on wave

behavior 1in general.

Extensions of the Experiment N -
The experiment can be extended to include:
1. Determination of slit separation using Tight of a known wave-
length.
2. Determination of band width for various slit separations for a

known wavelength of incident light.

"

of

[ad e
\) { ()




-58-

H. DIFFRACTION

1. An Approach to the Phenomenon of Diffraction

Farlier considerations have demonstrated to us how individual waves
add together té produce interference patterns and this was one of the
basic principles of wave motion.- Another basic principle of wave mo-
tion is one which allows us to predict the motion of individual waves.
This principle was discovered by a cohtemporary of Isaac Newton, Chris-
tian Huygens, a Dutch physicist.. Huygenis principle states that:

If the position of the front of a wave is known, the future

position of the wavefront can be determined by assuming that

each point on the wavefront serves as the source of a new

wave.

Figure 16 shows how the future position of a wavefront can be predicted

by making the above assumption.

FRONT EDGE OF WAVE

PREDICTED WAVEFRONT

WAVE VELOCITY DIRECTION

As a consequence of Huygen's principle, one often observes a bending of

waves around sharp edges or through narrow slits as demonstrated in Figure 17,

~1
Cy
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The bending of a wave around the edge of an obstacle in their path

is termed "Diffraction."

Examples

(a) We can hear sounds that originate around the corner of a building

from where we are standing. These sound waves cannot have travel ed in a

straight line from their source %o our ears, and refraction cannot account

for their behavior. The sound waves in face, have vent around the corner,

by their property of diffraction.

(b) Waterwaves also diffract as it has been observed in the ripple tank

experiments in the previous section.

Barrier

" \h\a\aq‘vvll

,)F) j
Shj

Figure 17

Figure 171i1lustrates the dif-
fraction of water waves at

a gap in a barrier - It will
be found that the waves on

the far side of the gap spread
out in to the geometrical
“shadow" of the gap's edges,
though with reduced amplitude.
In the absence of diffraction,
no waves would be present in
the shadow region. The dif-
fractioned waves spread out

as though they originated at
the gap.

(c) A large rock in the path of the ocean waves permits most of the

waves to pass, but the waves beyond the rock are altered by its pre-

sence.

(d) Diffraction of Light

- -Sharp looking shadows result when a Tight beam is partiatly cbstructed

by an object. Hence Newton ascertained that 1ight must be corpuscular in

nature. However, the phenomenon of diffraction is pronounced only when

the dimensions of an obstacle or opening are comparable to the wavelength

Pt
o
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of waves striking them.

An ordinary audible sound wave might have a waveiength-of perhaps
1 meter, and a typicai ocean wave might have a wavelength of perhaps
100 meters. Hence with obstacles of comparable dimensions, it is not
hard to observe diffraction effects with these types of waves. But
visible 1ight, however, contains wavelengths smaller than 10—6 meters,
and so light waves exhibit diffraction only with slits or obstacles
of dimensions comparable to the wavelength of light which are in its
péth, and so it is quite an unusual occurrence.

In Young's double-slit experiment, light from S passes through
both slits S] and 52 and then to the'vieqing screen. If light were
not a wave phenomenon, one would expect tq see the viewingbscreen
completely dark, since no light ray cén réach it from the source
along a.straight 1ine path. Instead, owing to the diffraction of light,
the entfre screen is illuminated. Even the point O separated from S
vby’thekgpaque barrier between slits Sy and 5, turn out to be bright,
and not dark! Hence, if the width of the opening through which light
waves, water waves, or sound waves pass, is about the same as the
wavelength of these waves, then these waves will spread out as if the
opening were a point source of waves -- which property is termed
"diffraction."

2. Diffraction - Interference - A distinction

There is no basic difference between diffraction and interference,
but only a difference in‘emphasié. Thus the term diffraction is used
for. phenomena. connected. with the.spreading. of waves on“paSSingwthrouih..ﬂ,
a siit, shadow formation etc, explained as the joint effect of the in-
terference of all the secondary waveslgmanating from the exposed part

of the wave front. The term interference is usually applied to simp-
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ler cases as in Young's experiment, where waves from a finite number
of separate but coherent sources one superimposed. When we describe
Young's experiment, we consider the two holes on the screen as secon-
dary sources of light emitting sperical waves, but having been i1lu-
minated by a single (coherent) source.

3. The Natureigf Diffraction

We have déa]t with the interference of 1light coming from two slits.
The effect of increasing the number of slits keeping their spacing and
wavelength of the waves constant is illustrated in figure 18 with re-
gard to water waves.

With light, similarly, the experiments can be performed using a
series of equally spaced slits, each with an exceedingly narrow width,
Such a system of slits is called the "Diffraction gréting.“ It i§ con-
structed by the laborous process of scribing parallel lines very close
togethek on a metal base using a special ruling engine, and there may
be about 13,000 to 20,000 1ines per_inch, which means that the s]ft se-
paration is of the order of nearly 2 x 1074 ems (20;600‘;)'6r less.
Usually replica gratings are made from this original grating, and it
consists of a'th{n transparent film which has grooves and ridges form-
ing thinner and thicker parts acting in the same way as slits do.

Experiments and Demonstrations

a. You can repeat the experiments with the water waves in the
" ripple tank and observe for themselves the results illustrated in
figure 18 . |
b. With rep11ca grat1ngs, and s1mp1e _Spectrometer tubes, you can
”obgerVe the effect of d1ffract1on of light from various sources as
Hg, Ne, He, Ar, Na, H2, 05, etc., and form an idea of the various .

diffraction patterns exhibited by these different gases in their
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incandescent form.

Figure 18

A diffraction pattern of straight waves passing through a singie slit (a) and
in (b) an interference pattern of a line of equally spaced point sources
(many slits) extending across the slit. Neak the sources, separation leads

 to some difference in the patterns. Far away the two patterns are the same.
(Courtesy of PSSC, D.C. Heath and Company, Third Edition, 1971).

e A .t. .t.h.1 .S. .S.t.a.g.e. y .o.u. m .a.y . w .1 .S.h. .t.o. .b.e. .1 -n-t-r-o-d-u-c.e.d- .t.o. .t.h.e. -t-e-r-m .S. .“.e.m.1.s.s.1.o.n. .S.p.e.c._. e
tra", "absorption spectra", Fraunhofer 1ine and solar spectra etc., and
in this connection, the working of an actual spectroscope may be demonstra-

ted.

c. Film loops showing the various types of emission spectra may also

prove to be an interesting demonstration item.




QUESTIONS

2

1. Why do some objects appear "colored"?
2. Would you consider "white" to be a color? Explain your answer.
3. Would you classify “b]aqkfﬁgs a color? Explain.

4. How would you define the frequency and wavelength of a wave? Illustrate
the wavelength of a wave by a diagram. ‘

5. Compare the Wavelengths of viéible light, radio waves, infrared and

ultraviolet rays, and x-rays. Which one has the shortest wavelength?
Which one has the longest wavelength?

6. Give a complete description of Young's double slit experiment. What
conclusion can you make from this experiment regarding the nature of
light (i.e. particle or wave nature)? Explain your conclusion.




