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a2 unit on wave theory with emphasis on the basic similar-
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fraction and interference, reflection, refraction, polar-
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that this unification of material which has been done in
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CHAPTER I
INTRODUCTION

The high school physics course content has increased
greatly in the past twenty years with the addition of such
topics as television, electroniecs, and nuclear energy and
this increase has created a physics course which contains
more material than it is possible to teach in a one-year
program. This situation has caused some physics teachers
to omit certain sections of the course and there has bheen
no general agreement as to which sections should be omitted.
The result of this is that many students leave a physics
course with the idea that each seetian of physies is inde~
pendent and they also may feel that certain sections are
less important because they were not studied.

While it is realized that there is no simple solubtion
to this problem, a partial solution might be to unify cer-
tain areas of physies. At the present time, the high
school physiecs students study, at various times during the
course, sound waves, light waves, heat waves, radio waves,
and other types of waves. This procedure results in using
too much time and, too often, the students fail to see any
connection between the various types of wave motion studied.

The purpose of this report shall be the developument of



a unit on wave motion which will study all types of waves
but will emphasize the similarities of the various wave
motions. For example, there 1s no need to spend time study-
ing the reflection and refraction of light waves and then
study the reflection and refraction of sound waves; instead,
reflection and refraction will be studied as phenomena
applicable to all forms of wave wotion.

Although it is impossible to make a complete listing of
all the material to be covered in the unit, the following
prineciples and concepts are considered to be the more import-
ant.

1. Simple harmonic motion

2, Graphical study of sine waves

3. Transverse and longitudinal waves

4, wavelength, frequency, and velocity of waves

5. Wave fronts

6. Huygens' Prineiple

7. Diffraction

8. Interference

9. Reflection

10, Refraction

11. Polarization

12. Doppler effect

It is not necessary that the topies be taken up exactly
in the order listed; however, each of the first six topics
is basic and must be covered before a study of the other con-
cepts is possible. This report shall present a brief



treatment of the basic principles and a more detailed pres-
entation of the other concepts.

Cne of the desired outcomes of this unit would be the
saving of time as a result of the unification of the mater-
ial; however, a more important outecome would be that a stu-
dent would see the interrelationship between the various
parts of physics and would think of physics as a unified

science.



CHAPTER II

SUGGESTED CLASSROOM PRESENTATION OF
BASIC WAVE CONCEPTS

Simple Harmonie Motion

An understanding of simple harmonic motion is necessary
because, in many cases, a wave motion is produced as a re-
sult of simple harmonic motion, for example, the sound waves
produced by a vibrating tuning fork. In the study of simple
harmonic motion, the following terms will be used and the
students should have a clear understanding of their meaning;
displacement, amplitude, period, and frequency.

Simple harmonic motion is defined as motion in which the
force on a particle is proportional to the displacement from
the equilibrium position and this can be expressed by the
formula,

Force = -constant x displacement

The minus sign indicates that the force is opposite to the
direction of displacement and therefore, the force tends to
return the particle to the equilibrium position. Another
way of deseribing simple harmonie motion is by using a parti-
cle which is moving in a cirele at uniform speed. The pro-
Jection of this particle on any diameter will be an example
of simple harmonic motion and this can be demonstrated by



the shadow projection of circular motion. A wheel with a
handle on the rim is placed perpendicular to a screen and
rotated with unilform speed and as the handle moves uniform-
ly in a cirecle; itz shadow will execute simple harmonic
motion (5,127).

Another very slimple demonstration of simple harmonic
motion is to place a steel bar, about one meter long, in a
c¢lamp and allow it to vibrate horizontally while viewing it
end on. The visibility of the motion can be inecreased if
the end of the bar is painted so that it will contrast with
the background (5,130). An interesting modification of this
demonstration 1s to give the bar both horizontal and vertical
displacement and the resulting motion will give Lissajous
figures, which will be relatively simple if the ratio of
width to thickness of the bar is a small integer (5,131).
Other demonstrations of simple harmonie motion include; ob-
servation of a tuning fork under stroboscopie illunination,
vibration of a mass suspended by a vertical spring, and motion
of a simple pendulum.

Graphical Study of Sine Waves

The prineiple of superposition states that, when two
waves interact, the resultant displacement of any point is
the sum of the displacements produced by each wave separate-
ly (3,211) and the students can use this principle to find
the resultant wave when two or more waves are moving along
the same line.

First, consider two waves of the same frequency in the
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same plane, which are in phase; then, consider the two waves
18¢° out of phase; and then consider the twe waves out of
use waves which have different fregquencies. The instructor
should demonstvrate all of these cases on the blackboard malk-
ing the drawings as accurate as possible.

The case of two waves which are vibrating at right angles
should be studied by using some type of three-dimensional
rodel, such as two boards at right angles on which are trac-
ed the two waves and then indicate the position in sgpace of
Lissajous figures are the result of looking at this resultant
wave end on, Specific examples of wave motion in which there
polarized light and the motion of a waterial particle in a
sound field.
wave move perpendicular to the direction of propagation of
the wave; while, in longitudinal waves, the particles uove
parallel to the direction of motion of the wave. DIy weans
of a long flexible spring, such as a 'Slinky' which is ob-
tainable at the loecal toy store, both types of waves can be
demonstrated. The 'Slinky' 1s laid on the floor and one end
is given a sideways motion; the resulting wave will be a
transverse wave. If several twrns of the 'Slinky' are pulleg
Wmm:umm,mmm motion will



be a longitudinal wave. Both waves chould be demonstrated
in two ways, with both ends free and with one end fixed.
The students should pay particular attention to the differ-
ences between the two cases and should look for changes in
amplitude, wavelength, or phase.

A more permanent type of wave machine (Figure 1) can be
constructed out of a series of penduluvi:s whieh are hung from
a horizontal bar and are on pivots so that they can be swung
in the same plane or in parallel planes. Collars are placed
on the rods of the pendulums so that they may be connected
by rubber bands and the collars may be moved up or down Lo
show various degrees of coupling. To show transverse waves,
arrange the pivots so that all of the pendulums will swing
in parallel planes and, for longitudinal waves, arrange the
pivots so that all of the pendulums will swing in the same
plane (5,144).

In discussing transverse and longltudinal waves, the
following terms might be used to describe them and therefore
the students should know the meaning of these words: crest,
through, compression,; and rarefaction. At this point, as
throughout the teaching of the unit, the teacher should em-
phasize the basiec similarities of all wave motion and yet
should use sufficient concrete examples (Lo clearly illustrate
such dissimilaricies as do exist. Ior example, the types of
waves which are transverse or which are longitudinal should

be clearly identifiled.
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Wavelength, Prequency, and Velocity of Waves

In this section, the students should learn the defini-
tions of wavelength, amplitude, and frequency and should be
able to describe them in terms of either transverse or long-
itudinal waves. The relationship between the waves and the
source which produced them should be pointed out. The fre-
quency of the wave 1s the same as the frequency of the source.

The basic formula which relates wavelength, frequency,
and veloclty

velocity = frequency x wavelength
should be studied and various examples considered. For ex-
ample, by knowing the assigned frequency of a radio station
and the velocity of radio waves, 1t is a simple matter to
find the wavelength of this particular radio wave.

While it is not always desirable for students to mem-
orize word-for-word definitions, the following are taken from
White (6,201) and are very clear and concise. The wavelength
is the distance between two similar points on any two con-
secutive waves; the amplitude is the maximum value of the dis-
placement; the frequency is the number of waves passing any
given point per second. As with any definitions, i1t is im-
portant that the student have an understanding of all words
used in the definition.

Wave Fronts and Huygens' Principle

When waves spread out from some source, a surface is pro-
duced which contains particles in the same phase of vibration;

such a surface is called a wave front (4,186). In many cases,
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a source will send out waves in all directions and the result-
ing wave front is deseribed as spherical; however, as the ra-
dius of a spherical wave front becomes large, the wave front
becomes almost plane.

As a spherical wave front travels outward from a source,
the intensity of the wave decreases rapidly. The relative
intensities of two waves at different distances from the source
are inversely proportional to the squares of the distances from
the source (4,186). This can be demonstrated easily using an
ordinary light bulb and a light meter or a loudspeaker and a
sound-measuring device.

Huygens' Principle states that each point on a wave front
may be considered as a secondary source of waves with the same
velocity as the primary wave and a line tangent to all of
the secondary waves willl give a wave front of the primary
source (4,599). This principle should be illustrated by black-
board construction for both spherical and plane waves and the
student should be able to construct a new wave front from any
given type of wave front. Huygens' Principle can be demon-
stratgd using a ripple tank and several sources (5,154).

After the study of this section and periodically through-
out the unit, the instructor should check that the students
have an understanding of the basic ideas and have certain abil-
ities., The students should understand simple harmonic motion,
wavelength, amplitude, frequeney, and wave fronts. They should
be able to find the resultant wave from two given waves, to

describe tranverse and longitudinal waves, to use the formula,






CHAPTER III

SUGGESTED CLASSROOM PRESENTATION OF
VARIOUS WAVE PHENOMENA

Diffraetion and Interference

Diffraction and interference are interrelated and there-
fore, they should be studied at the same time. Interference
is produced by the interaction of two separate waves and may
be constructive, when the two waves reinforce each other, or
destructive, when they tend to cancel each other. Diffrac-
tion is nothing more than the interference of waves irom ad-
Jjoining points on a wave front (3,314). The term diffraction
is generally used to describe the pattern produced by a single
slit while interflerence is usually used to describe the pat-
tern produced by tﬁo or more slits.

Diffraction by a single slit can be demonstrated quickly
and easily to the entire class using a single-filament lamp
and pieces of photographic plate with very narrow slits on
them. The pleces of photographic plate are prepared by ex-
posing them to light, developing them, and then making the
slites using a straight edge and a razor blade. Place the
single-filament lamp on the demonstration desk; then pass out
the pleces of photographic plate to the students and when
the students cbserve the lamp through the slit, the diffraction

I



pattern will be very evident (3,235). If pieces of fine-
mesh wire are used in place of the photographic plates, the
students will observe diffraction in two directions at the
same time,

Another methed of demonstrating diffraction is by the
use of a ripple tank, which is essentially a shallow tray
filled with water and which has a mechanical vibrator as a
source of waves (5,149). To demonstrate diffraction, place
some barrier, wlith an opening in the middle, across the tank
and observe the pattern formed. With the ripple tank, it is
very easy to change the size of the opening and observe the
effect this produces on the diffraction pattern. In explain-
ing the diffraction pattern to the students, i1t is important
to emphasize how the relationship bebween the size of the open-
ing and the wave length of the wave will affect the diffraec-
tion pattern. If the aperture is very large compared to the
wave length, the diffraction is praetically neglible (3,295).

Diffraction effects can be obtained without the use of
a 8lit souree. Diffraction around & small circular object
¢an be demonstrated using a point source of light, a coin, and
a sereen, Tu obtain the point source of light, the beam of
light from a projeetor is focused by a lens on a small hole
in a sereen and this hole then serves as a point source.

Place the coin directly in front of the point source and ob-
serve 1ts geometric shadow on the sereen. In the center of
the shadow will be a bright spot which is due to the construc-
tive interference of all waves from the edge of the coin;
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since they have all traveled the same distance, they will
arrive at the eceater in phase (5,400)., In doing this demon-
stration, it is necessary to be very preeise in the placing
of the ecoin, If it is placed slightly out of line, a dark
spot will be found instead of a bright spot.

Diffraction can also be demonstrated with sound waves
using a whistle, a spherical mirror, a sereen, and a sensi-
tive flame., Place the whistle at the focus of the spherical
mlrror so that the sound waves will be plane waves; then
place the sereen between the whistle and the flame and slow-
1y move the sereen pideways. The flame will respond to the
sound while still in the geometric shadow (5,176).

In studying interference patverns, the first demon-
stration should be the observation of a single-filament lamp
through a double slit on a photographic plate. If the top of
the lamp is covered by colored cellophane and the bottom is
covered by a different color of cellophane, the effect of
different wavelengths can easily be shown to the students
(3,235).

Demonstrations ¢f interference can also be performed with
the ripple tank and by using sound waves, The demenstration
using the ripple tank is ldentical to the diffpaction demon-
stration except that twe openings are used, When using sound
waves, & plane sound wave is sent toward a sereen with two
parallel slits and the region on the other gide in investigat-
ed with a sensitive flame or some other detecting device (5,177).

Ancther method of demonstrating interference or diffrac-
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tion is by the use of microwaves which are radio waves of a
few centimeters wavelength. Microwave experiments have four
main advantages; wavelengths can be measured with a meter-
stick; the apparatus is simpler than optical equipment; the
adjustments are less critical; and the effects are more evi-
dent (1,290). A microwave transmitter and receiver are avail-
able from several of the a«ienti-_ﬁ;.c' supply houses.

To demonstrate interference, a coupling loop with two
secondary sources (dipoles) is attached to the microwave
transmitter, The secondary sources are clamped to a meter-
stick on a wooden optical bench and the two dlpoles are orient-
ed the same so that the waves will leave in phase. Set the
sources 50 centimeters apart at shoulder height and locate
the points of minimum intengity to each source. The
difference in the distances from any point of minimum intensity
to the two sources should be an odd number of half-wavelengths.
If one dipole is then rotated 180° , the sources will be out
of phase and the interference pattern should shift correspond-
ingly (1,291). '

Another type of interference which should be studied is
the interference due to thin air films and a demonstration of
Newton's rings will illustrate the principles involved. A
plano-convex lens is placed with its curved side touching a
plane piece of glass and light is projected through the lens
and this light 1s reflected from the plane plece of glass,

The reflected light is then collected and focused on a sereen
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producing a pattern which is a series of alternating light
and dark rings (5,397). The center spot is dark due to the
automatic phase shift of the reflected ray at the air-to-
glass surface (3,268). This automatic phase shift ecan be
demonstrated with the 'Slinky' by having one end fixed.

While studying interference, the instructor should bring
out some of the practical uses of interference; such as the
use of the Michelson interferometer to accurately determine
the length of the standard meter or the use of a thin air
film to determine if a surface 1s optiecally flat. If two
optiecally flat surfaces are separated by a small wedge, the
interference fringes produced will be straight; but if there
is any distortion in the surfaces, there will be a correspond-
ing distortion in the fringes.

In order to emphasize the basic similarities of the wvar-
ious wave types, the instructor should assign applicable
readings and problems from the various sections of the text.
All of these readings and problems should deal with the same
phenomena but utilize data and information from different
kinds of waves.

Reflection

Reflection of waves from plane and curved surfaces should
be studied by both the wave front method and the ray method.
The wave front method has the advantage that it gives a clear-
er picture of what is actually happening; while the ray method
has the advantage of being simpler to use even when consider-

ing complex cases.
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The wave front method may be illustrated by considering
a simple case, such as reflection of the wave from a point
source at a plane surface (Figure 2). From the point source
(S), construect several arcs which represent the wave front
at various positions; then construct an are (C) which is tan-
gent to the plane surface. Using Huygens' Prineiple, con-
struct a secondary wave front (C') and at the point of tangen-
ey (E) swing the arc in the direction of the source. The re-
flected wave front must contain the two points (D&F) where
the secondary wave crosses the plane surface and it must be
tangent to the arec constructed at the point of tangency (E).
Therefore, the curve (DE'F) represents the reflected wave
front, The wave front method becomes complex when consider-
ing any case except a very simple one and it is not recommend-
ed that all cases of reflection be studied by this method;
however, this method should be illustrated at least once.

The ray method of treating reflection has been the tra-
ditional method for many years because of its simplieity.
This method is based on the law of reflection which states
that the angle of incidence is equal to the angle of reflec-
tion; however, it should be emphasized to the students that
the angles of ineidence and reflection must be measured from
the normal to the surface. For illustrating the ray method,
consider a point source and a curved surface and from the
point, draw any ray to the surface. Construct a normal at
the point of contaet and then construct the angle of reflec~
tion whiech will determine the direction of the reflected ray.



Figure 2. Reflection by the Wave Front Method
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The student should be made aware of the relationship between
rays and wave fronts. Any ray which leaves a source is per-
pendicular to the wave front from the same souree; in other
words, rays are radli of ecircular wave fronts. Therefore, it
is possible when given two rays, which originated at the same
source, to determine where the sourece 1s located or appears
to be located, in the case of a virtual source.

Actual demonstrations of the reflection of a wave can
be done using the wave machine if a rod at one end is fixed
and by using the ripple tank and plaeing a properly shaped
obstacle in the path of the waves. Reflection can also be
demonstrated with light waves, sound waves, and microwaves.

An interesting and unusual demonstration based on reflec-
tion ean be performed using a large concave mirror, a flower,
and a box which is open on one side (Figure 3). The flower
is hung upside down in the box and placed at the center of
curvature of the mirvror with the opeén side of the box facing
the mirror; then the apparatus 1s enclosed so that a person
viewing the demonstration will view it at the proper angle.

A person looking in the mirror will see a real image of the
flower located on the top of the box. This image will look
gso life-like that the observer will be unable to distinguish
it from a real flower (6,315).

Refraetion

Refraction of waves occurs when a wave leaves one medium
and enters a second where the veloeity of the wave is differ-
ent., As with reflection, refraction should be studied by
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both the wave front method and the ray method, using the wave
frong method for cases of refraction of a plane wave at a |
plane surface and the ray method for spherical waves at plane
or spherical surfaces.

To illustrate the wave front method, consider a plane
wave (ABC) whiech strikes a plane surface at some angle of in-
cidence (Figure 4). Using Huygens' construction, determine
the position of a secondary wave (B'C') in the first mediunm
and also swing an ar¢ into the second mediws from the point
of contact (A) of the primary wave with the plane surface.
The ratio of the radii of the ares used must be the same as
the ratio of the veloecities of the wave in the two media,
From the point of intersection (B') of the secondary wave and
the plane surface, construet a tangent (A'B') to the are in
the second medium. This tangent (A!B') will represent the
wave front in the seeond medium,

The ray method of construction is based upon the law of
refraction, usually called Snell's law, which states that the
ratio of the sine of the angle of ineidence to the sine of
the angle of refraction is equal to the ratioc of the veloei-
ties in the two media (4,533).

Tllustrating the ray method for a single ray striking a
plane surface should be done first, since all other cases
can then be done by merely repeating the same procedure for
all of the rays involved, Consider a ray (AB) striking a
plane surface at some angle (FPigure 5) and construct the nor-
mal (NB) at the point of contaet (B); then, using the point






Ty
ey



A

of econtact (B) as the center, construct a eirele of unit ra-
dius. From the point of intersection (C) of the inecident
mmmmle,mm(cn)mmmtomm-
mal (NB); (CD) represents the sine of the angle of ineidence.
Sinee the ratio of the velocities 1s known, the sine of the
angle of refraetion ean be determined from Snell's law, This
distance (BE) is laid off on the line representing the plane
surface and a perpendicular (EF) is eonstructed which extends
into the second medium wntil it crosses the circumference of
the eirele, A line (BF) from the center of the eirele to
this point of intersection will represent the path of the ray
in the second medium,

The instructor should consider many different cases of
refraction, in some cases changing the ratlio of the veloei-
ties and in other cases changing the shape of the surface and
the shape of the wave, One speeial case that should be con-
sidered is the case where the angle of incidence exceedes
the eritical angle and there is total reflection instead of
refraction.

Many diff'erent cases of refraction of actual waves may
be shown by use of the ripple tank, Obstacles of any shape,
such as lenses or prisms, are made of clear glass and submerg-
ed just below the surface, so that a shallower layer of water
liea in the path of the wave; then a low-frequency wave 1is
set up in the tank and passed over the obstacle (5,154).
Refraction can also be shown by light waves using lenses and
prisms and by sound waves using a gas such as carbon dioxide



as the refracting medium,

Some interesting demonstrations of refraction of miero-
waves can be performed using microwave apparatus deseribed
by Hull (2,563), A 60° prism, 10 inehes on a side, is con-
structed from 1/4-inch plywood and filled with paraffin,
which gives the prism an index of refraction of 1.47. An-
other 60° prism ecomposed of parallel metal plates will have
an index of refraction, less than one, given by the formula,

n = (1 - (4/20)2)3/2
where d is the wavelength and b is the distance between the
plates. When using the parallel plate prism, the electric
vector of the mierowaves must be parallel to the plates of
the prism,
Polarization

Polarization is a phenomena which is characteristic of
transverse waves and therefore, the student must have a good
understanding of transverse waves before studylng polariza-
tion, One important concept that the student must have is
that in a sinshhmmm. the vibration may be in
many different directions and yet be perpendicular to the
directlon of motion of the wave, A simple way to deseribe
this is Yo consider an end-on view of a wave as a eirele and
then any diameter of this ecirele would represent a possible
plane of vibration, A transverse wave of this type is called
an unpolarized wave because any plane of vibration is equally
probable; but if the plane of vibration is limited to one
particular angle, then the wave is descrlbed as plane polar-
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St
strations as possible because the students will understand
a concept better if a demonstration 1s presented along with
the explanation of the concept. Throughout the unit, the in-
structor should use the text and other available books as
sources of student assignments to increase the students'
information about the various wave phenomena. These assign-
ments should be carefully correlated with the particular wave
phenomena which is being studied. At the end of this unit,
the instructor should test the students' understanding of the
material and, if there are any areas of weakness, these areas
should be studied again, repeating some of the same denon-
strations and adding new demonstrations when possible.



CHAPTER IV
SUMMARY

In this unilt, the material presented has been consider-
ed as separate topies; however, the student should be made
aware that in actual practice the situation is never ag sim-
ple as in theory. For example, a wave may undergo reflection,
refraction, and polarization, all at the same time.

There are certain difficulties which a high sechool phy-
glcs teacher may encounter when attempting to use some of the
ideas 1n this report. One major problem might be the lack
of certain equipment needed for the demonstrations. Some of
the equipment,. such as a ripple tank, can easily be construct-
ed at a low cost; however, items such as the microwave trans-
mitter or receiver ure expensive ltems and the cost is some-
times prohibitive. In such cases, the instructor should
attempt to devise other demonstrations, using available equip-
ment, that will illustrate the principle being studied.

Another problem that might arige would be the lack of
certain previous courges by the students. In the report, the
pregsentations of the wave front method and the ray methed are
based on basic principles and comstructions of geometry; if
the students have not had this course, the presentations will
have little meaning to them. As in all teaching situations,
the instructor should examine the background of the students
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