Chapter 24 INTERFERENCE

Over the past few chapters we have been comparing, and contrasting, the
behavior of water waves with that of light. We found that water waves
reflect and refract in the same way as does light. In the last chapter we
also observed that these water waves BEND around edges of barriers - a
phencmenon called diffraction. Careful examination of the behavior of
light shows that light also exhibits the effect of diffraction, and this
led us to deduce that the wavelength of light must be very small.

In this chapter we will look at another effect found in water waves -
interference. This will lead us in the following chapter to see whether
we can also detect the phenomenon of interference of light.

At this point you might be inclined to ask, where is all this seemingly
endless comparison between water waves and light leading? The answer to
this question has three parts.

1. It is leading to a complete explanation of the character of light.

2. It is providing us (whether we realize it or not) with an
understanding of all aspects of light behavior.

3. Since waves are important and interesting in themselves, it is
providing us with important insight into wave behavior.

PERFORMANCE OBJECTIVES
After completing this chapter, you should be able to:

1. Demonstrate a two-point interference pattern in a ripple tank when:
a. the sources are in phase,
b. the sources are out of phase by 1/2 (180 degrees).

2. Predict the resulting two-point source interference pattern that one
gets when:
a. the sources are in phase,
b. the sources are out of phase by 1/2.

3. Explain how the following changes will affect the interference pattern
provided by two-point sources:
a. a change in frequency,
b. a change in source separation,
c. a change in frequency of one source relative to the other.

4., Mathematically predict the number of nodal lines when given the source
separation as a function of the wavelength.

5. Calculate mathematically the wavelength from an interference pattern
produced by two—point sources in phase using the following formula:
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6. Modify the above equations to account for two—-point sources being
out—of-phase.



Chapter 24 STUDY GUIDE -1-
Read: Section 24-1 Interference on a Spring page 487

What kind of interference can you demonstrate using the slinky? Obtain
a slinky and:

a. Send two pulses from one end. When? Where? How do they interfere?
b. Vary the amplitude and length of the pulse. Results?

c. Send two pulses from the same side, one from each end.
Send two pulses, from opposite sides, one from each end.

1. Did the pulses start at the same time?
2. How can you tell?
3. What two factors determine where they will meet?

Problems: page 487: #1 #2
499: #12

Experiment: INTERFERENCE FROM TWO POINT SOURCES (Directions
provided.)

d8. A written summary using the questions as a guide is to be
presented to your instructor for evaluation. . (::::::)

Read: Section 24-2 Interference From Two Point Sources page 488
24-3 The Shape of Nodal Lines page 491

a. How are the nodal lines numbered? The anti—-nodal lines?
b. Optional...View the following Film Loops:

RT-11 Superposition of Pulses
RT-12 Interference of Waves

Problems: page 491: #3 #4
492: #5 #6 #7
499: #15 #17

Use the enclosed work sheet which shows the crests (thicker lines) and
troughs (thinner lines) with the distance (d) between sources equal to
S wavelengths.

a. Are the sources in phase? How do you know?

b. Locate, draw and number the nodal lines in the 1st quadrant. How
many are there?

c. What exists on a line perpendicular to and bisecting the line
between the two sources?

d. Locate a point on a line perpendicular to and bisecting the line
between the two sources and show the direction of motion by vector
addition of individual velocities of each pulse.

€. Locate and draw the nodal lines in the other three guadrants.
Notice the symmetrical pattern that exists.



Chapter 24 STUDY GUIDE -2-

f. For a few points on each nodal line in the 1st quadrant, determine
the path difference " Ad" between that point and the two sources
in units of wavelength.

g. Develop a mathematical expression which equates the path
difference as a function of the wavelength "A " and the nodal line
llnll =

Note..." d" represents the path difference between a point in the
pattern to one point source and that point to the other point
source while "d" represents the distance between the two point

8. In Item 7, it is hoped that you found that Ad = (n — 1/2)A . This
equation is good only when:

a. the two point sources are not too close together, and

b. the point on the nodal line (to which one measures) is not tooc far
from the two point sources.

c. Solving for the wavelength, one gets: A = .

Knowing that the wavelength for light is very small, what limitations
might one place on the above formula when:

d. you work far, far from the two point sources, and/or
e. when the sources are very close together?
7. Read: Section 24-4 Wavelength, Source Separation, and Angles p 493

10. Batisfy that the following two eguations are correct based on the
assumptions given in Section 24-4 of the text.

d sin © g %lL

A = e A e

0w — 1r2 n - 1/2
What are the two assumptions?

11. One of the problems you may face is that of predicting the number of
nodal lines that exist for a given situation where "d" and "A " are
known. Show that the equation A =d sin ® / (n - 1/2) can be used
to predict the number of nodal lines.

Hint...What value will we use for 87 (::::::)

12. Problems: page 495: #B8
500z #19 #20 #21 #22

13. Use the apparatus of the last experiment to generate an interference
pattern of two point sources in phase, or use Film Loop RT-12 to
project an interference pattern on a piece of paper to:

2. locate two points on each of two different numbered nodal lines
{in the 1st quadrant), one close to and one far from the two
point sources, and
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15.
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20.

21.

22.

Chapter 24 STUDY GUIDE -3-

b. measure the wavelength of the actual wave.
c. Determine the wavelength using the following equations:

Ad d sin © d %./L
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n - 1/2 n - 1s2 n - 1/2 @

d. Compare the calculated wavelengths to the measured value. Report
your findings to your instructor.

Read: Section 24-5 Phase page 495

a. What is: t ? T ? P ?

b. The phase delay "p" equals « {(mathematical formula)

c. How is "t" related to "T"?
d. Why must "p" be bounded by zero and 1/2 rather than by zero and 1?7

e. If 53 falls behind 53, which way do the nodal lines bend?

Using the ripple tank, demonstrate activities suggested in Experiment
41 INTERFERENCE AND PHASE page 90. No write-up is necessary.

Optional...Film Loop RT-13: Effect of Phase Difference Between
Sources

Summary...A simple alteration to the previous formulae can be made
which will allow for phase delay if there is one. To make
the alteration, replace (n — 1/2) with (p + n — 1/2). The
altered equations will then be useful whether or not the
sources are in phase.

Problems: page 498: #9 #10
S00: #24 #25 #26 #27 #28
Read: Section 24-6 Summary and Conclusions page 498

What would the interference pattern look like if it were made by two
sources that were not in phase?

a. Place two generators in a ripple tank, each with one point source
on it.

b. Vary the frequency of one relative to the other and observe the
results. '

You have now finished experimenting with the ripple tank. Empty it,
wipe it clean and dismantle it. Then see that it is put away.

Complete enclosed Written Exercise titled INTERFERENCE and then have
it evaluated.



ANSWERS CHAFTER 24
2. (c)(3) path difference, phase difference

3x (1) (12) S:h:Ba
{2) A distance of 1 wavelength from the wall.

6. (3) Double Crest—A, Double Trough-C, Nodal FPoint-B
{4) {(a) greater in Fig. 24-9 (b) more nodal lines in Fig. 24-é6
{5) Second Nodal Line
{6) On which nodal line the point lies.
(7) (17) S.A.B.
{15) See instructor for a demonstration using measuring tapes.

7. (a) yes—crest of one source are same distance from their source as a

corresponding crest is from its source

(b) S {c) anti—-nodal point (constructive interference)

{d) Have instructor check.

(f) n = 1, path difference = 1/2 wavelength
n = 2, path difference = 3/2 wavelength
n = 3, path difference = 5/2 wavelength and so forth

(g) Ad = (n—-1/2) A

8. (c) A = Ad/(n-1/2)
{(d) The path difference Ad could be smaller than the accuracy of
the value when measured.

10. d is small, X, is small

12. (8) When the wavelength is greater than Z2d.
{19) S.A.B.
(20) (a) 0.24 (b) 2.0 cm, 2.9 cm
(22) 8 = 23.6 deg. = 36.9 deg.., 8 = 29.3 deg. ¥ = 30.7 deg.

i4. (a) t = time delay T = period p = phase delay
(b) p = t/T
c) £t <=T
{(d) One cannot be ahead of the other by more than 1/2 T.
(e) towards 5,

18. (7)) 0.36

{10) vyes
(23) {(a) 1/5 (b) 2 km/min {c) 1.6 km/min
(24) (25) {26) {(27) S5.A.B.
(28) (a) 1/2 (b) pi/2 radians
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INTERFERENCE FROM TWO POINT SOURCES

When two or more waves pass through the same point at the same time, they
interfer with one another. The magnitude of the disturbance may be predicted
by application of the principle of superposition. That is, the resultant is
the algebraic sum of the disturbances due to the individual waves. Sometimes,
a consistant interference pattern is produced. Standing waves are one example
of such a pattern. Two adjacent point sources in a ripple tank product an
interference pattern which has important physical applications.

Set up the ripple tank and place two point sources about 5 cm apart on the
wave generator. Adjust the wood or plastic dowels until both clothes pins are
moving up and down at the same time. Have your instructor check the pattern
when you think you have the two point sources vibrating in phase.

Describe the resulting pattern. The points where the waves from the two
point sources cancel (points of little or practically no disturbance) are
called 'nodes'. Lines formed by joining adjacent nodes are called nodal lines.
Points of maximum disturbance are called antinodes.

Increase the frequency of the generator. What happens to the pattern of
nodal and antinodal lines? Does the number of nodal lines increase or decrease?

A second area of investigation will be the distance between the two point
sources. Ideally the distance between the two point sources should be changed
without stopping the generator +to assure that the frequency is kept as nearly
constant as possible. Since we cannot do that, shut off the generator using the
key. Adjust the distance between the two sources, turn on the generator and
observe the pattern. How does changing the distance affect the pattern? Make
special note as to whether you think the generator remained at the same frequency
both before and after the adjustment.

Report your findings to your instructor and ask to see the transparencies
that can assist you in understanding how the distance between two point

sources affects the number of nodal lines.
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Chapter 24 Written Exercise Interference

1. A point on the third line is found to be 35.0 cm from one source and 4L2.7 cm
from the other. (a) What is the path difference? (b) What is the wave lenghh?
(e) If the sources are 9.3 cm apart, what is the interference angle of this line?
(d) How many nodal lines are there?

e
b.

Ce

de

2. Two point sources (in phase) in a ripple tank are 9.0 cm apart, and vibrate
to produce a 3.4 cm wave. How many nodal lines are produced?

Empirical data has been gathered to show that the formula v = 332 + 0.6T (in
meters per second), is valid for the velocity of sound through the atmosphere for
the range of temperatures we ordinarily experience. [v = velocity; T = temperature
difference between 0°C and the temperature at which you wish to calculate the
velocity of sound. ]

Expensive experimentation has shown that sound exhibits behaviors that are similar
to the wave phenomenon we have observed in the ripple tanke.

3« Using the above formula; calculate the velocity of sound at 19°¢c.

Le What is the wavelength of the sound from the middle "C" string of a piano
under the conditions stated in problem three. (f = 256 cycles/sec)

5¢ When the temperature is h2OC, the echo of a ship's horn returns by way of a
cliff to the ship in 5.7 seconds. How far is the ship from the cliff?
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Chapter 24 Written Exercise  =2-

Two loudspeakers are located 9.3 meters apart at the front of an auditorium.

A test record on which was recor.ded a certain sound of constant frequency

is played through the above speaker system. An observer hears the sound loud

and clear when standing anywhere in the center aisle, but hears "dead spots" in
the auditorium as he moves about from place to place. He attaches a rope of

28 meters long to a point midway between the speakers. He then moves in an

arc and discovers the first dead spot 3.1 meters to the right of the center aisle.
What is the wave length of the sound reproduced by the test record?

How far apart must two point sources be placed in a ripple tank in order for
the second nodal line to be at 20° if the wave travels at 24 cm/sec and the
frequency is 13/sec?

A series of periodic transverse waves, frequency of 14 cycles/sec, travels along
a string. The distance between a crest and either adjacent trough is 3.4 m.

(a) What is the wavelength?

(b) What is the speed of the wave motion?

de

be

A "phase delay" is indicated. What does it mean to you?
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Chapter ,?/ Test erferénce

A point on the third line is found to be 35.0 cm from one source and 42.7 cm
from the other. (a) What is the path difference? (b) What is the wave lenghh?
(e¢) If the sources are 9.3 cm apart, what is the interference angle of this line?
(d) How many nodal lines are there?
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Two point sources (in phase) in a ripple tank are 9.0 cm apart, and vibrate
to produce a 3.4 cm wave., How many nodal lines are produced?
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Empirical data has been gathered to show that the fornula v = 332 + 0.6T (in
meters per second), is valid for the velocity of sound through the atmosphere for
the range of temveratures we ordinarily experience. [v = velocity; T = temperature
difference between 0°C and the temperature at which you wish to calculate the
velocity of sound. ]

Expensive experimentation has shown that sound exhibits behaviors that are similar
to the wave phenomenon we have observed in the ripple tank.

3.
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Using the above formula; calculate the velocity of sound at 1900.
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What is the wavelength of the sound from the middle "C" string of a piano
under the conditions stated in problem three. (f = 256 cycles/sec)
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When the temperature is 4200, the echo of a ship's horn returns by way of a
cliff to the ship in 5.7 seconds. How far is the ship from the cliff?
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Chapter ‘7" Test Interference —R-

Two loudspeakers are located 9.3 meters apart at the front of an auditorium.

A test record on which was recor.ded a certain sound of constant frequency

is played through the above speaker system. An observer hears the sound loud

and clear when standing anywhere in the center aisle, but hears "dead spots" in
the auditorium as he moves about from place to place. He attaches a rope of

28 meters long to a point midway between the speakers. He then moves in an

arc and discovers the first dead spot 3.1 meters to the right of the center aisle.
What is the wave length of the sound reproduced by the test record?
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How far apart must two point sources be placed in a ripple tank in order for
the second nodal line to be at 20° if the wave travels at 24 cm/sec and the
frequency is 13/sec?
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A series of periodic transverse waves, frequency of 14 cycles/sec, travels along
a string. The distance between a crest and either adjacent trough is 3.4 m.

(a) What is the wavelength?

(b) What is the speed of the wave motion?
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A "phase delay" is indicated. What does it mean to you?



TEST CHAPTER 24 NAME

1. Attached to this quiz is a representation of an interference pattern
produced by two point sources of waves.

4.

A'

Carefully draw and label the following:

a. the central maximum

b. the third nodal line

c. the locus (i.e. set) of points that are one wavelength further
from S1 than from S2.

Calcul ate the angle to the third maximum line using d sin & for
the path difference.

Using the attached diagram, pick a point on the third maximum line
and draw a line connecting this point with the point midway between
the sources. Measure the angle between this line and the central
maximum. If all drawings, measurements, and calculation are
perfect, do you expect this angle to be equal to the answer in (B)
above. If not which do you expect to be larger and why?

When we were analyzing two point interference patterns, why did we
develop two different equations for path difference?

Describe two independent ways you could decrease the number of nodal
lines that are present in a two point interference pattern.

What would be the appearance of the interference pattern of two point
sources if the phase between the sources was constantly changing in a
rapid and random manner?

ia.
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Chapter 24 Test

On a day when there is no wind, a loudspeaker S is
placed at each goalpost at one end of a football field.
The loudspeakers are in phase and are emitting sounds
of the same constant freguency and intensity. The boys
in a class are asked to find positions on the field
where the sound is faintest.and the girls to find
positions where the sound is loudest. The positions
taken are shown in the diagram below.

¥ ¢ & o o g g
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Which one of the following changes would result in the
students standing closer together?

(A) 1Increasing the wavelength of the note emitted
(B) Moving the lcoudspeakers closer together
(C) Increasing the frequency of the note emitted

(D) Choosing a day when the air temperature is much
higher

(E) Putting the loudspeakers out of phase

Which girl is at a point{one wavelength further
from one loudspeaker than from the other?

% | te) 3 (E)

None of the above
(8) 2 (D) 4 '

le.

Name

Which student is at a position with best satisfies the

e s = &
cond;tlons-r =33 ?
X = tbe distance from the student to the right
bisector of the line joining the loudspeakers

L = the distance of the student from the midpoint
between the speakers

A = the wavelength of the sound from the speakers
and d = the distance between the speakers
(n) 2 €] 5 (B) 7
(B)

-9

(D) 6

An interference pattern is produced by two point
sources vibrating in phase in a ripple tank. If the
frequency of the two point sources increases, the
pattern

(A) has fewer nodal lines

(B) has more nodal lines

(C) remaine the same

(D) spreads out farther into the ripple tank

(E) spreads out less into the ripple tank

Two point-sources in a'ripple tank vibrate in phase
at a frequency of 12 Hz to produce waves having a
wavelength 0.024 m. The difference in path-length

from the two point-sources to a point on the second
nodal line is

(A) 0.6 em (C) 2.4 em (E) 4.8 em

(B) 1.2 em (D) 3.6 cm
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Ghapter 2l Test

5, and 8; are two point sources situated 6 cm apart,
vibrating in phase, and producing waves having a

wavelength of % cm. (Diagram not drawn to scale.)

g 148

If Q is a point on the second nodal line, 24 cm
away from O, then MQ is approximately
() 2.5 cm (c)

7.5 cm {8) A5 e

(B) 5 ecm () 10 em

The distance between successive nodes in a standing
wave pattern is

(a) 1/4 A (C)  3/4 2 (E) 21

(B) 1/2 A (M 12

A nodal line pattern is produced by two point sources
vibrating in phase in a ripple tank. A point P is
selected on the second nodal line so that it is 37 cm
from one source and 28 cm from the other source. The
wavelength of the waves in centimetres is

(a) 18 (c) 9.0 (E) 4.5
(B) 13.5 (o) 6.0

S, and S, are two point sources situated 6 cm apart,

vibrating in phase, and producing waves having a wave-

length of > Ccm.

1 (Diagram not drawn to scale.)

L .-

If P is a point on the first nodal line, then
PS; - PS; will be equal to

5

(A) 77 om (c) % o (E) %E om
5

(B) 57 cem (D) %cm

Two periodic point sources vibrating in phase produce
an interference pattern on a water surface.

The path difference between the two point sources and

a point on the nth nodal line is

(a) nx (€) (n+ 1)1 ® A= %A

(B) (n=-1A (D) tn+—21-11



Ghosts in the classroom

Phillip M. Rinard
Emporia State University, Emporia, Kansas 66801

While a TV *‘ghost” may be aggravating to a casual
viewer, it is an opportunity for a physics teacher to create
a student project that is unique to the local conditions.
The phenomenon has been used to measure the speed of
light,! but the objective of this project is to locate the
building or object causing the ghost (as was also the case
in Ref. 2). The project involves the propagation and reflec-
tion of radio waves, the use of a TV set as a timer in the
microsecond range, and ingenuity from the students.

TV *“ghosts” are faint images displaced from the -

normal image on the screen. They are due to a reflected
signal arriving at the receiver slightly later than the signal
coming directly from the transmitter. The ghost signal
exists because it is a reflection from some nearby structure,
Since it does not travel along the shortest path from the
transmitter, it arrives later. The signal strength of the ghost
will usually be less than that of the direct signal because
the reflector is imperfect and will tend to disperse the
beam.

Since 525 lines are formed on the TV screen in 1/30
sec (in the U.S.), it would seem that each line is traced in
63.49 psec. But actually, only 53.33 usec are used. During
the remaining 10.16 psec the electron beam is off and a
synchronization signal is received.® So if the length of
the line on a TV picture tube is L (including overscan'),
and the ghost is AL from the normal image, then the time
delay of the ghost is 53.33 AL/L usec. With the speed of
light in air being about 2.997 x 10° m/sec, the extra
distance traveled by the ghost signal is 15980 AL/L m or
9.931 AL/L miles. For example, a ghost that is 5.0 cm from
the normal image on a TV tube that is 40-cm wide must
have traveled 2.0 x 10® m or 1.2 miles farther than the
direct signal. ”

A complication now arises because knowing the extra
distance is not sufficient to locate the reflector uniquely.
It could be anywhere on an ellipse whose foci are the trans-
mitting and receiving antennae (Fig. 1). The string and pin
construction of an ellipse shows this to be true. The string’s
]engthi{s, +s,) is greater than the distance D between the
pins at the foci by 9.931 AL/L miles. However, since a
reflected beam will be weak, only the positions on the
ellipse within a very few miles of the receiver need be con-
sidered as likely ghost sources. The reflection is also more
likely to come from a structure rising above the general
terrain,

By constructing the appropriate ellipse on an accu-
rate, detailed map, the students can look for local struc-
tures that lie on (or very near) the ellipse. To construct the
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Fig. 1. The transmitter

T and the receiver R

are at the foci of an ellipse.

All ghosts due to reflections
from points on the ellipse

travel the distance sy + 54,

which is greater than the distance
D followed by the direct signal.

ellipse, the following information is needed: (a) the
straight-line distance D from the transmitter to the re-
ceiver, (b) the direction to the transmitter from the TV’s
location, and (c) the extra distance traveled by the re-
flected signal. Various maps can provide the numbers for
(a) and (b). The most accurate are those of the U.S. Geolog-
ical Survey.* They are also available on such small scales
that the vicinity of a city is clearly presented, including
broadcasting towers, water towers, and even some individ-
ual buildings. With these inexpensive maps, it is possible
to pinpoint likely sources of ghosts.

The semi-axes ¢ and b of the ellipse (x/a)? + ('_J’v,;'.fa)2
= 1 can be deduced, using Fig. 1. The geometry of the
ellipse gives

9.931ALJE = (53 +s8)-D=2b-D (1)
which can be solved for b to get
b=(9.931AL/L + D)J2 (2)

But since D= 2+/b> - a?, it follows that

a=~/b* - D[4 (3)

After using Egs. (2) and (3) to get a and b, the ellipse can
be drawn by selecting values of y and calculating

x=%ta~/1-(y/b)* )

A pocket calculator can make this less painful, and it is
an excellent application for a programmable calculator.
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Fig. 2. A portion of Emporia is copied

from a USGS map. The author’s TV is at
position T. A portion of the cllipse is shown
(dashed line) which corresponds to the
ghost displaced by 5/8 in, out of a total
span of 18 in. Some of the larger struc-
tures nearby are indicated, including two
water storage tanks W and a small water
tower W . A second TV sct used is at the
position shown by T .

As an example, while viewing the VHF channel 13
from -Topeka, my set can show a ghost very clearly. The
line length L is about 18 in. (allowing 10% for overscan
beyond the visible borders), and the ghost is displaced by
AL =5/8 in. Thus the extra distance is about 0.34 mile.
A USGS map indicates that D = 42 miles, with an angle
from Emporia to the transmission tower of 12° E of N.
(I had to position the relatively new tower on the map by
measuring its position with my car relative to road inter-
sections surrounding the tower.) So for this ghost, b = 21
miles and ¢ = 2.7 miles.

I drew the ellipse on tracing paper to the scale of the
USGS map showing Emporia in the largest detail. The
tracing paper was then superimposed on the map, keeping
in mind that the long axis of the ellipse must be 12° Eof N
(Fig. 2). Two likely structures were found on the ellipse:
large water storage tanks W on high ground (Kansas stand-
ards imposed here), and a smaller but closer water tower
W'

To help decide between these two possibilities,
another TV set at a friend’s house (T' on. Fig. 2) was
similarly used. For some antenna positions, a ghost was
seen whose ellipse very nearly passed through W' while no
ghosts came close to W. It thus seems that the nearest
water tower W' is the most likely source of the ghost.

ghost.

= / 5 / =S
LA™ gr :
ol \ LT%“:r L i ’
gE e
I 2
12 mile

My thanks to Garnett Hill for providing this second
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issippi, order from Distribution Section, U. S. Geological Survey,
Federal Center, Denver, Colorado 80225. To decide which
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their sizes and prices. Currently, the prices are about $1.25 per
map.

The Rydberg constant — a hand-calculator

exercise

A. G. Briggs

Department of Chemistry, Loughborough University, Leicestershire LE11 3TU, England

In general, electronic calculators are convenient
rather than essential but for many calculations in spectros-
copy they cannot really be dispensed with if full use is to
be made of accurate data. For example, when Niels Bohr
developed his theory of the H atom he showed that in the
already established expression for the wavenumber values
of spectral lines,

PSRN, o PN | (1)
v-R[Hg - ﬂi]

where vis 1/, the reciprocal of the wavelength,the Rydberg
constant R could be expressed as

me‘

== 3 2
8 ech’ @

R=

where
m is the electron mass

e the electron charge

€g the permittivity of space
¢ the velocity of light and
h Planck’s constant

and hence was calculable from a knowledge of the natural
constants, It is of interest to test this using modern meas-
urements (see table). The experimentally derived value of
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OBJECTIVE TEST: GCh. 17 PSSC Physics
"Interference" Name

1. a) Define interference:

b) Offer 3 examples--2 different types of waves producing
interference (answer what they are and what they do)
1.

2e

3e
2, 8a) Define "standing wave":

b) Offer 3 examples--3 different types of waves producing this
effect (Name the medium and describe what happens when the
standing waves are in it):

2e
3.

3. &) The source separation is " and the wavelength is 1",
Construct and locate accurately (1) all major(mreskxamadx noc
points; (2) the complete family of nodal lines.

Place

sources e =3
on this

line




NE T e

fﬂ/ac{
SAure £ . e e ORI 1 )
R 1’?";; P'
!'h.f;;{" -
e
Py .Pl
L., Are the points P,
nodal points or not?
2o,
4
PR [}
pLEq N= |
YB:
I‘%’: Jeni e =i | PS' 5 E"

i m

>

>

{
[ iy
S+ The wavelength produced by 2 sources is 1" and their separation
is 3", Compute the entire set of angles for the first 3 nodal
lines (to the left and to the right). Use the table suppliec.

Ans's:

T

6. 8) Define "phase delay":

b) Two sources cenerate waves at 1/L0 sec intervals, only one
source hits the water 1/60 sec after the other one all thc
time. Compute the phase delay of the 2nd source.

Ans:



9.

10,

a) Sketch below the pattern b) Sketch below the p=

freehand, of nodal lines freehand, of nocal
from 2 sources when they from 2 gources when
are in phase: are 180" out of pha

¢c) Describe, in your own words, how the pattern would be af ¢
if they were alternately switched "in phase" and "out of
phase" rapidly:

Describe completely, under what conditions you can have 2 zour
generating waves in phase, and yet produce no nodal lines:

Two point sources are generating waves, with the same waveleng

bf 1 em and they are placed in the ripple tank a distance of 5

apaert.

a) If the sources are in phase, what angle @ does the straigh:
part of the first nodal line make with the central line:

Ans:

b) 1If the sources have a phase delay p = %4, what is 6 ?

Ans:

c) How many nodsl lines will be produced?

-

Ans:

a) Completely describe an experiment where you could use t e
ideas of this chapter to measure the wavelength of light:

b) Completely describe an experiment where you eould use the
deas of thls chapter to measure the wavelength of sounc wa



sequence show a
wave?
vave,

hl

traveling wave or a standing

(b) If the sequence shows a traveling
in which direction is it moving?

: BN N NGt
| b -~ D AN -5 —
S b S e N e D =D ==
O
Al — LB D= ——
e_.— e s — — o — ——
Fig. 271
e S. Fig. 28 shows several modes of possible vibra-
tion of a string anchored rigldly at both ends.
Drawing a}shows sheows the fundamental mode of
vibration. The fundamental is also called the
first harmonic. Drawing(b'shows a mode of vi-
bration called the 2nd. harmonic,
a) Sketch the 3rd. and Lth, harmonics in the
spaces prdodded,
b) In drawings: a, b, c, and dé, label all nodes
N and all antinodes A,
¢c) In each of the four cases, express the
* .wavelength A , in terms of the length of
the string, L.
d) Assuming the velocity of t he waves on tne
string to be constant, what would be the net
result of decreasing L?
# 4 ¢
L a | F
| = —
i 4 . r
F= = ;

Fig. 28
/7 Viork Sheet

W-12

Open And Closed Plpes

L=t



/[ /i Zext
/_/ Loop
/7 Loop
/7 Text

{'7 Work Sheet

1:7 Text

L2

Chap. 17-2 Interference From two Polnt Sources

Page

80-23971 Superposition of Pulses
80-2,4051 Interference of Waves
292 Homework problems: L, 7, 8, 9

W-13 Chapter 17 Problems 5 and 6

Chap. 17-2 Reading Quiz

1.
2.

What is the meaning of the term phase?

Fig. 29 shows the positions of several water

waves at some given instant. The waves were

generated by two polnt sources S, and Ss. The

solid lines represent wave crestS and the

dashed lines represent the troughs.

a) Are the sources in or out of phase?

b) What letter(s) indicate the points of maxi-
mum water depth?

¢) What letter(s) incdicate the points of mini-
mum water depth?

d) What letter(s) indicate the points where
the water is undisturbed?

e) Sketch in the nodal lines.

f) Would S, in operation alone generate stand-
ing or %raveling waves?

g) If S, and S_ were generating monotone (one

fregliency) €ound waves, describe the phe=

nomena a listener would encounter in walk-

ing from G to K; from 3; to Sy.

e N \\\

) ‘\ Q

: ‘.-..
\
,, %
/ \ \'
YA ‘. I\
S 45,

Fig. 29,



3. What effects on the nodal pattern would you
expect in Fig, 29 as the result of increasing

[/ Text Chap

Z:? Text Page
/~7 Text Chap
1.

=

5.

the separation of the sources, S;ﬁ&
2 17-3 The Shape of Nodal Lines

293 Homework problems: 10, 11, 12, 13
. 17-13 Reading Quiz

How would an increases in wave length effect the
number of nodal lines in the a rrangement shown
in Fig, 29, question 2 of the above Reading
Cuiz,

How is an hyperbola defined in Analytical
Geometry? 4
In order for dlistructive interference to occur
at a point in Fig. 29, above section, the dif-
fer?nce in pa?h lengths, Efslh— ﬁ?a} must equal
an (even, odd) number of ()}, s A&, p
none of these). é 3 hé ?
In guestion 2e of Reading Culz section 17-2,
you were asked to sketeh in all the nodal lines
in Fig. 29. Flck any point on the 3rd. nodal
line and label 1t point P. Complete the fol-
lowing ecuation.

1 - Psa .
khat 1s the general expression for the dif-

ference (F3, - P3,) for any point P:on the
nth. nodal tine? Fig. 29.

PS

Z 7 Teaxt Chap, 3 By W 1Y Wavelengths, Source Separatlion, and

/_/ Text Pare

Angles

203  Homework problems: 1ll, 15, 16, 17,
1 8 3 lg‘::‘

/ /] Resource Bk Check homework problems: 1 - 19

{ / Work Sheet

/_J Text Lab
/_J Text Lab

W-14 Cuiz Section 17-L

II1-11 Wayes From Two Foint Sources (part
7

IT-12 Interference and rhase

/J Text Chap. 17-5 Phase >

/7 Loop
/7 Text Page

80-24131 Effect of Phase Differences Between
Sources

2013 Homework problems: 20%, 21, 22,



/7 Resource 3k.

' . 23, 2lss, 25

Check homework problems: 20 - ‘25

1:7 Work Sheet W=15 Quiz Section 17-5

/_J Text
/7 Text

f / Resource Bk.

// Text
1:7 Text
/_/ Text
/_/ Text

Chag. 17-6  Summary and Conclusion

Page 29i  Homework problems: 26:, 27#, 28, 29

Check homework problems: 26 = 29

Fage = 29lIiL Further Reading

Chap. 181 Can We See Interference in Light?

Fage 312 Homework problems: 1, 2

Chape 18-1 Reading Quiz

1,

'/1"

7 ‘; [_'h' 3

t S

g

For a given wavelength, how does the separa-
tion of the nodal lines formed by the inter-
ference of two polnt sources change as the
separation of the two sourcds changes? Illus-
trate your snswer,

Use a mathematical argument to show why point
sources of light must be much closer together,
in order to get a measurable separation of
nodal lines at convenient distances from the
source, than point sources in a ripple tank,
Why are monochromatic sources of light used in
interference experiments?

Here is an arrangement of two independent light
sources and a screen that resaibles the sethp
for producing interference im a ripple tank]
Fig. 30. Why is it impossible to observe any
interference pattern with this set up? Sketch
a modification of the setup that will remedy
the ciffieulty.

ﬁncAcsn
>

o
i
5

Fig. 30,
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WORK SHEET 1l (W-1l)
QUIZ SECTION 17-L

l. Given the two focal points, Si and Sp, and the formula
for finding any point P on an"hyperbola (PS; - PS; = K),
construct the hyperbola.

K




WORK SHEET 14 (W-14) Continued

QUIZ SECTION 17-L

2. Sketch the nodal lines, Crests were made by two point
sources in phase, Number the nodal lines.

& S B ey

(@

& N el 5 4

3, Show that PS, = PS_ = (n - 1/2) A. Use the above figure
to sketch an} 1ine§ to show the above. Use back of page
one for formulas.

i, Make a sketch anc state reasons (if you think reasons:are
needed) to prove, A = d(Xn/L)/(n - 1/2). Use the back of
this sheet for your work.



WORK SHEET 25 (W-15)

CUIZ S=CTION 17-5

Label points and line segments in this‘diagramg “L.. -

Write a short description of what the diagram is
representing in the ripple tank.

Show that P'S; - FP'S, = (p+n - 1/2) A .
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DEPARTMENT OF PHYSICS

March 28, 1972

Dick Heckathorn
Midpark High School
7000 Paula Drive
Cleveland, Ohio 44130

Dear Dick:

You have an interesting paradox in your interference problem.
The difficulty lies, I think, in the term "no interference.” The
values of 8 that satisfy the equation sin 6 = n-é-are the values of
8 for which the intensity is zero. Now, for n=1 and A>w it is
certainly true that sin 6 >1, but that means that there is no
corresponding @ not that there is no interference. That is, the
intensity is not zero for any angle.

To see what this implies consider the case wherer%'begins to
increase toward 1, At first the angle B8 of the first minimum moves
out toward 90°, then past 90°--that is, behind the plane of the slit.
(This is not impossible if we think of a source of light instead of
a real slit.) Finally, when {% =1, the direction of the first min-
imum becomes 180°--directly behind the ”slit”. After this the inten-
sity is not zero anywhere, but is less behind the ”“s1it” than in
front, and as -e- continues to increase the back and front intensities
become more nearly the same: We are appraoching the case of a
geometrical line source.

To put it briefly, as Aincreases or w decreases, the broad
central maximum of intensity spreads out over larger and larger
angles, until the intensity becomes more or less uniform all around
the slit.

It should be apparent now, that to get the smallest possible
"image” of the slit (that is, to make the diffraction pattern as
narrow as possible) you should use the largest slit possible. One
reason the telescope on Mt. Palomar is 200 inches across is to give
the best possible resolution. If you try to carry this to extremes
in the lab, however, you soon find that the ”image” of your slit is
getting larger as the slit gets larger. This is because the equations
we have used depends on an approximation (the Fraunhoffer Approxi-
mation) which breaks down when the slit is too wide or the viewing
screen is too close to the slit. Technically the approximation is
AR/w?<<1, where R is the slit-to-screen distance. If a lens is placed
after the slit and the screen placed at the focal point, it is
equivalent to having the screen at infinity and the approximation
holds for all values of w. Then when the slit is very wide the



pattern on the screen will approach a point, which is just what
we get at the focal point with no slit present at all (i.e., an
infinitely wide slit).

I hope this isn’t too long winded or too trivial for you, but
it is an interesting problem, which intelligent students do raise
now and then. I’m glad to be able to help.

Sincerely,

Dom

Donald R. Wheeler

P.S. We've had good response to the Summer Institute questionaires,
and I’11 be in touch shortly.

DRW: 1h
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Questions 8-10: A straight wave moving

from medium 1 to medium 2 is refracted at

the interface. The direction of propagation
shown.

Table of Sines

g medium 1 30°=0.5
. 37°=0.6
3 interface
@ 53°=0.8

medium 2 60°=0.9

Let v; and v, denote the velocities of the
wave in media 1 and 2, respectively.

8 Which one of the following could be the
angle between the interface and the re-
fracted wave crest?

A 23°
B 30°
@ 37°
. 53%
E 60°

9 What value for vy/v, is predicted by the
wave model of light?

A 4/9
B 2/3
171
D 9/4
E 3/2

10 What is the value of the ratio,
vo/v; predicted by the particle model %

vy /v, predicted by the wave model

A 4/9
B 2/3
C 1/1
D 9/4
E 3/2

Questions 11-12: Some glass plates are
coated with thin films to decrease the
amount of reflection that would occur at
the coated surfaces:

ray |1
alr

- s-coating _d

glass plate

ray | II

air

N M E

The thickness, d, and refractive index,
n., of the coatings are varied to give differ-
ent effects. In the following key, n, repre-

‘sents the refractive index of the glass plates

and A represents the wave length of light in
the coatings. The refractive indices, n., of
the coatings are always greater than that of
air.

Key:
A d=A/4;n.<ng
B d=A/2;n.<ng
C d=X;n.<ng
D d=A/4;n.>ng
E d=Xx;n.=ng

11 What combination of d and n. would
give minimum reflection of ray 1?

12 What combination of d and n. would
give minimum refiection of ray 11?7

" Questions 13-15 refer to the diagram below:

M
_//"\\ XYTZ \/__

baoead ||| kadend
l-20 cm.al._.v—jl:o cm.

Two triangular-shaped pulses, identical
in shape " but opposite in displacement,
travel toward each other along a rope. The
length of the displaccd portion of each pulse
is 20 cm. and the points of maximum dis-
placement, M and N, are each 10 cm. from
the leading edge of their respective pulses.
M and N are each displaced 4.0 cm. from
the rest position of the rope.

13 Point X is midway between the pulses.
As the pulses pass through X, what is
the maximum displacement which X will
undergo?

" A zero cm.
B 2.0 cm.
C 40 cm.
D 6.0 cm.
E 8.0 cm.

14 Point Y is 5 cm. to the right of point X.
When the lcading edges of the two
pulses coincide at X, the displacement
of Y from its rest position will be most
nearly ’

A zero cm.

B 2.0 cm. downward.
C 4.0 cm. downward,
D 2.0 cm. upward.
E 4.0 cm. upward.




15 What will be the maximum displacement
which point Y will undergo during the
passage of these two pulscs?

A zero cm.
B 20 cm.
C 4.0 cm.
D 6.0 cm.
E 80 cm.

Questions 24-26 refer to the diagram below,
which shows ripples from sources Sy and S»

in a ripple tank. Various points r through z -

are marked on the diagram. The lines rep-
resent wave crests.

24 Which of the lettered points listed be-
low is one-half wavelength farther from
one source than from the other?

Ar

N X e

B
C
D
E

25 Which of the lettered points listed below
represents a double crest which is one
wavelength farther from one source than
from the other?

26 Which one of the pairs of lettered points
listed below lies on a singie nodal line?

A xandz
B wandx
C uandy
D vandx
E randv

At

Questions 20-31: Two point sources, S; and
S,, emit waves of the same frequency, n is
an integer.

2227207708 4 7 7oA Gl
; 4 2

29 Suppose that the sources are in phase
and that there is a maximum in the di-
rection of the arrows. What must the
distance AS; be?

1
A (n—;).\

B nx

1
C (n+§)h

D '(n—i—)a

1
E nl+'2—

30 The maximum resulting from the inter-
ference pattern shifts so that the angle 4,
describing the direction to the maximum,
increases. This change can be accounted
for by which one of the following?

A Moving the point of observation far-
ther away from the two sources

B Increasing the scparation of the two
sources

C Decreasing the wavelength of the two
sources

D Increasing the frequency of the two
sources

E Decreasing the separation of the two
sources

31 Suppose that S, lags behind S, by a frac-
tion, p, of a period and that there is a
maximum in the direction of the arrows.
What must the distance AS; be?

1.
A (n—;)l-}-p
B npi
C (n+p)r

|
D (n—‘—‘— +plA
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1. A point on the thi rd,;l:me is found to be 40.8 cm from one source and 2.7 cm
from the other. (a) What is the path difference? (b) What is the wave lengih?
@ (c) If the sources are 9.3 cm apart, what is the interference angle of this line?

(d) How many nodal lines are there?
W= 3

Ps, = ¥O.B \a §.8 eaniw 3- (&) «42.7=-40.8 = 1.9 e
-1'-‘ o Howm L] "
a * : Aal 1.9 e
Ps.-y2.dew be 0.6 ewv 3. (b)) A fet . 1=
d =93 Ca 11.79° 3 ;
R 3’ &) X ‘%_._Scﬂ—ﬂ r Sin B= _>_\_ (h"/z) = 0.7 o :’}
de / o=t o ! & ?_-_g!.ﬂ. cais 204
(4 M= g - A_'I . 2 3 e A |
S R R
| 3 Ps

2. Two loudspeakers are located 6.3 meters apart at the front of en auditorium.
A test record on vhich was recor.ded a certain sound of constanl freguency
is played through the above spzaker system. An observer hears the sound loud
and clear when standing anywhere in the center aisle, but hears "“dead spots" in
the auditorium as he moves about from place to place. He attaches a rope of
18 meters long to a point midway between the speakers. He then moves in an
arc and discovers the first dead spot 3.1 meters to the right of the center aisle.
What is the wave length of the sound reproduced-by the test record?

@J;?n % = N 3ol « Bta T
oz L3 M e f /8/ ‘ kld
L= 1&u
Y, = 3w
w =l
k-.

3. How far apart must tvo point sources be placed in a ripple tank in order for
the second nodal line to be at 30° if the wave travels at 2 cm/sec and the

frequency is 13/sec?
24 Ci Seac /&

@ 5‘5‘1"&# ; _’\ . fjs‘;tg % /B sse YEO * 01538 cm
n = !

= L
@= 30° OL = LCV‘-"-,"-)
d=7? Sin&
\J:a‘{’%ﬂ{-. g }:’_ (“-.f‘r
‘*"D/slo f Son O

|3 X= Y

+
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1. Attached to this quiz is a representation of an interference pattern

produced by two point sources of waves.

(ote ¥ &
TEST CHAPTER 24 i Cucet NAME 7{-%(/ a.=3

Carefully draw and label the following:
a. the central maximum '

A
/jé: b. the third nodal line
c. the locus (i.e. set) of points that are one wavelength further

from S1 than from S52.

B. Calculate the angle to the third maximum line using d sin @ for

P4 the pathodiff-erence. ,\—,—% i BE 5;,_<"_E?~ o akab ool = a.apsmﬂ:_.a_ac_
qo 2} < 3

C. Using the attached diagram, pick a point on the third maximum line X

and draw a line connecting this point with the point midway between - =f
;L# the sources. HMeasure the angle between this line and the central pire

maximum. If all drawings, measurements, and calculation are

perfect, do you expect this angle to be equal to the answer in (B)

above. I+ not which do you expect to be larger and why?

D= 90° SN B= Xa Xn ol ; Bago®

=

2. When we were analyzing two point interference patterns, why did we
develop two different equations for path difference?

Yl,mu — Quzinedad

3. Describe two independent ways you could decrease the number of nodal
lines that are present in a two point interference pattern.

(1) ceercase F
(2) olecrzine d

4. What would be the appearance of the interference pattern of two point
sources if the phase between the sources was constantly changing in a
rapid and random manner?

;L,r Ceornd Z;mLZ4; c?é;:tru;7

e, O ke 00 B O gyl et ) T e K s, D g

-0 e

B, il
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Chapter 24 Test

On a day when there is no wind, a loudspeaker S is
placed at each goalpost at one end of a football tield.
The loudspeakers are in phase and are emitting sounds

of the same constant frequency and intensity.

The boys

in a class are asked to find positions on the field
where the sound is faintest.and the girls to find

positions where the scound is loudest.

The positicns

taken are shown in the diagram below.

d @ & @ d o d

d

Boy

P

Girl

g o @ g oo &

P Jdededode

dodQdQdoded
d dododod o

s] ls]

Which one of the following changes would result in the
students standing closer together?

(n)
(B)
(c)
(D)

(E)

Increasing the wavelength of the note emitted
Moving the loudspeakers closer together
Increasing the frequency of the note emitted

Choosing a day when the air temperature is much
higher 4

Putting the loudspeakers out of phase .

Which girl is at a pointlone wavelength further
from one loudspeaker than from the other?

(a)
(B)

1
2

{C) 3 (E) MNone of the above

(D) 4

-

le.

Name

Which student is at a position with best satisfies the

conditions =~ =

and
(n)
(B)

An interference pattern is
sources vibrating in phase
frequency of the two voint

X 33
L 39 °

X = tpe distance from the student to the right
bisector of the line joining the loudsypeakers

the distance of the student from the midpoint
between the speakers

the wavelength of the sound from the speakers

d = the distance between the speakers
2 (), 5 fE) 7
4 (D) 6

produced by two peint
in a ripple tank. If the
sources increases, the

pattern

(a)
(B)
(c)
(D)
(E)

has fewer nodal lines

has more nodal lines

remains the same

spreads out farther into the ripple tank

spreads out lecss into the ripple tank

Two point-sources in a ripple tank vibrate in phase
at a frequency of 12 lz to produce waves having a

wavelength 0.024 m.

1..e difference in path-length

from the two point-sources to a peint en the second

nodal line is
(R) 0.6 cm (€) 2.4 em (E) 4.8 cm
(B) 1.2 em (D) 3.6 em
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whapter 24 Test

£y and 8; are two point sgrrees situated 6 om apart,
vibrating in phase, and producing waves having a
& &
wavelength of 7 °cm. (Diagram not drawn to scale.)
:
M Q
----3 ----------- n’
’
/!
/
r
e
r
&
’
&/
ot
’
o/
4
*
4
I
o
o
¢
/
r
L4
5, i a2
I3l
0

I1f Q0 is a point on the secisnd nodal line; 24 cm
away from 0, then MQ is apnroximately

(a) 2.5 cm ) TS5 e () 15 om

(B) 5 cm (D} 10 cn

The distaace between succrssive nodes in a standing
wave pattern is

Ay 1/4 X (e) 374 % (E) 2 A

e, 1/2 1 \9@)11

A nodal line pattern is produced by two point sources
vibrating in phase in a ripple tank. A point P is
lected on the second nodal line so that it is 37 cm
rom one source and Z8 cm from the opther source. The
ravelength of the waves in centimetres is

be 0

(n) 18 (c) 9.0 () 4.5
[B) 135 (D) 6.0

$, and S, are two point scurces situated 6 em apart,

vibrating in phase, and producing waves having a wave-

length of % cm. (Diagram not drawn to scale.)
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If P is a point on the first nodal line, then
PS; - PS; will be equal to
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Two_periqﬁic point sources vibrating in phase produce
an ilntericrence pattern on a water surface.

The path difference between the two point sources and

a peint on the nth nodal line is
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