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CONSTRUCTING AN
INTERFERENCE PATTERN - A PROJECT -

by
J.S.Kovacs and Peter Signell

1. Interference Patterns Betray Waves

Light’s ability to produce striking interference patterns is a prime
indicator that it has some sort of wave nature. However, the waves are
not so easy to examine more directly. For example, the eye could only
see the individual wave arrivals if they came a millionth of a millionth as
fast! Coupled with the waves’ high speed (over a billion km/hr) and short
wavelength (less than a millionth of a meter), we generally find it easier to
examine light’s wave properties through its interference patterns.

2. Outline of the Project

The idea here is to take a wave incident normally upon two parallel
slits cut out of an opaque light barrier, then propagate the light passing
through the slits onto a screen. Calculation of the resulting interference
pattern on the screen illustrates how interference patterns arise. It also
tests one’s understanding of wave properties: wave motion, phase, inten-
sity, and average intensity all enter into the calculation in crucial ways.
There is also calculator practice in locating a zero of a non-linear func-
tion. In fact, if your calculator is programmable you can plot much more
of the interference pattern than just the central peak required here. This
project, the mathematical construction of wave amplitudes and interfer-
ence, is a good test of your understanding of waves. If you have trouble,
it is a signal that your understanding is inadequate.

3. Procedure

(a) Obtain a trig calculator and graph paper.

(b) Decide on numerical values of the apparatus dimensions shown in
Fig. 1. The distances (d,L,z) can be specified in units of wavelength
of the incident light. We suggest that d, the slit separation, be of
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screen A . Figure 1. Two views of a

2-slit interference system.

the order of a wavelength. Help: [S-1]' The slit-to-screen distance
L should be at least a few wavelengths; then the first minimum
will occur at a modest value of screen position z. Note that the
interference pattern will be symmetric about « = 0. Help: [S-2]

(¢) Choose a convenient function to describe the time and position vari-
ation of the plane waves that are incident upon the slits. Help: [S-3]

(d) Using the function chosen in (c), calculate the peak intensity at
x = 0 as well as a time at which this peak occurs. We suggest that
you measure time in units of the light wave’s vibrational period
(inverse of frequency). Help: [S-5]

(e) Using simple trig, the calculator, and interpolation, determine
the first screen position zy which has zero intensity at all times.
Help: [S-7] (Assume that the amplitude of each slit’s wave is con-
stant; that it does not fall off with distance from the slit. This
simplifying assumption is really only a good approximation when
x> L but we will use it anyway.)

(f) Choose two or more screen points that nicely divide the interval
between z = 0 and z(, the first minimum. Calculate the intensity
as a function of time at each of these points, and at z = 0 and

1[S-1] refers to sequence [S-1] in the attached Special Assistance Supplement. Tt

provides special help, if you need it, for what was just discussed.
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Zo, graphing the results in order to find the peak intensity at each D = (D1 + D3)/2
point.?  Help: [S-6] State, on the graphs, why these time variations

are not seen by the human eye. Help: [S-4] T = light wave period

(g) Plot a graph of average intensity (time-average) vs. screen position Then the time-average intensity is:
x, including the values you obtained at x = 0, at =g, and at the two
or more points in between. Clearly identify xy as well as the other

. I1=0a?%/2.
points on your graph. Help: [S-8]

(h) For obtaining credit for your project, see this module’s attached
Local Guide.
B. Phasor Method
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A. Formal Solution
See side A in the sketch.

See Appendix A for def. of Dy, D>.

(for those interested)

A = A+A A=a=(2+2cosh)/? =2cos0/2
= A 2
D t D t Dy — Dy
_ Zg_t Z_t - [9. 0=2mr——=
= cos2m ()\ T) + cos 2w ()\ T) Help: [S-12] T
D t 7(D1 — D)
= 592 - _ - a=2c08 ——=
a cos 2 ( 3 T) \
¢ =0/2
Where:
(phase of A) = (phase of A3) + ¢ = (phase of A1) — ¢
_ Dy 0 _ Dy w(Dy—Dy)
a =2 cos[m(Dy — Da) /) - op 2247 _op~2 T\ H2)
S U T W 7\
D, = distance from slit #1 to position x on screen. Help: [S-7] _ 2 (D1 + D2>
Dy = .. .slit #2 ... A 2

2You can use calculus, if you wish, to determine the times at which the peaks occur. Hence: A = A; + Ay = avcos |:2ﬂ_ (Dl + Dy 3
. — 1 2 = —_—
2 T
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Then the time-average intensity is:® I = a?/2.

3For an explanation of this method see “Phasors” (MISN-0-27).

MISN-0-258 LG-1

LOCAL GUIDE

Equipment Needed:

You will need a calculator with square roots and trig functions.

Choice of Values:

No credit will be given if your choices for numerical values of d and/or L
coincide with those used in the Special Assistance Supplement, sequence

[S-1].
Credit for this Module:
Complete all work before coming to our Exam Room.

Bring, to our exam room, the originals of your graphs and your geometry
sketch that shows your constants. As usual, fill out your Exam Applica-
tion sheet and bring it and your project materials to the Exam Manager
at the entrance to the Exam Room. The Exam Sheet for Unit 238 will
tell you that you must hand in your originals.

10
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SPECIAL ASSISTANCE SUPPLEMENT

(from TX-3b)

For example: d =2\; L = 3\

(from TX-3b)

The physical apparatus and the light waves are symmetrical about = =
0 so the interference pattern produced by them must have that same
symmetry.

(from TX-3c)

We will choose (see the diagram):
D t
Ay 2 = cos [27r (j — —)]

A T
We could equally well have chosen a sine kd»t
and cosine function, or either of them with N
a phase. )
Note: T is wave “period.” With our cosine L
choice, at position = from each of the slits,
the amplitudes are:

where 12
D |(L 2+ x4 d/2\?
X\ )

1/2
Dy (L 2+ v —dj2\*]"
PN APY A

11
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(from TX-3f)

At each point on the screen the intensity I is fluctuating at about 10'°
times per second. The eye cannot respond this fast so it just registers the
average intensity, which is exactly one-half the peak intensity. (This is
because the total amplitude is a cosine wave so the intensity is a cosine-
squared function. The latter’s average value is half its peak values).

(from TX-3d)

x = 0. Then:
97 1/2

T =5 |G ()]

hence A; = A5 and the total amplitude is just twice either one. The
peak value of either one is unity so the peak value of the total amplitude
is 2. It occurs when each amplitude has a peak; that is, when the cosine
arguments vanish. This time is:

-5 [0 (]

For the case,
tpeak = V10T =~ 3.16 T

12
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(from TX-3f)
Using plus the fact that the light intensity I is the square of the
total amplitude A, we find at points z = 0.3\ and z = 0.6X:
I=|AP = |A; + Ao
o T 1 2.75 1
0.3 316 2.724 1
3.17 2745
3.18 2.746 l
3.19 2724 -
[S-9] 2.73 x=0.3
3.16 3.18
T —=
/N t/T 1 0.60 |
0.6 3.18 .574
3.19 .587 f I x=0.6l
3.20 .595 l
3.21  .599 -
3.22 599 0.58
3.23 .593 , . . . . .
3.18 3.20 3.22
YT —
Thus:
Tpear(z = 0.3X) = 2.750
Ipear(z = 0.6A) = 0.600

13
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(from TX-3e and Appendiz A)
The null will occur when:

Dy — Dy =1X/2

so the two slit amplitudes are then:

A A
Assuming the same constants as in ,

5= [ ()] o ()]

Solve by interpolation (faster than algebra, but use algebra if you wish!
[S-13])
Note: RHS = “Right Hand Side of the equation.”

1/2

x/A  RHS Differences
.650  .403

> .030
700 .433

> .029
750 463

> .029
.800 492

> .029
.850  .521

Constant differences mean that the RHS is linear in (z/A). We can
interpolate graphically or algebraically. Algebraically:

0.050
“%0 = 0.800 + (0.008 x 5 5) = 0.814 [S-10]
Thus: A(z = 0.814), any time) = 0. Graphical interpolation gives the

same answer, of course. Help: [S-1/]

14
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(from TX-3g)

See Help: [S-4], Help: [S-7], Help: [S-6] for these four points.

See Help: [S-2] for a discussion of why the slope is sketched as zero at
the origin.

21

00.0 0.5 1.0

XA —

See Help: [S-4] for why I,,q. = 2, not 4.

(from [S-6])
The values of x/\, d/A, and L/ were used to get Di/\ and Ds/A.

These in turn were used to get A; and As, hence I, for various times t.
Should you use radians or degrees? Does it matter? Help: [S-11]

15
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S-10 (from [S-7])

0.850 |-
1 L slope
IS (21 om0
X/ T os0 0.050
0.800
| : |
0.750.460 0.480 0.50 0.520

RHS —=

This can also be found using the straight line equation. Help: [S-13]

(from [S-9))

It sure does matter! The “27” in the equation denominators are really
“2m radians.” Degrees would be incorrect.

(from Appendiz A)

See Input Skill #1 for the reference.

(from [5-10])

To find x/A brainlessly, find the equation of the straight line:
(%) = (slope) - (RHS) + (intercept).

Do it by substituting two known points:

0.800 = (slope) (0.492) + (intercept);

0.850 = (slope) (0.521) + (intercept).

Solve those two equations in two unknowns, simultaneously, to get:
.850 —.800  .050

521 — 492  .029’

intercept = (.800) — (492)(%)

Then put those into the desired RHS:

slope =

(;) - (:828) -(.500) + (.800) — (.492) - (:828)

16
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AS-7

S-14 (from [S-7])

0.840

X/A
0.820

0.814

0.800 |

0.490 0.500

0.510
RHS—

0.520

17

MISN-0-258 ME-1

MODEL EXAM

INSTRUCTIONS TO THE GRADER
Grader! The student must have attached:

e the ORIGINAL of his/her graphs
e the ORIGINAL of his/her geometry sketch and constants

If the student handed in a copy, not an original, of either one, then
immediately give the student a grade of zero

on this exam. Write the reason on the Exam Answer Sheet and grade no
further.
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