I nterference and Diffraction of Light
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Warning
 Donot look directly into the laser beam. Set up your experiment so the laser
beamsin NOT at eye level.
 Donot scratch thewall with a pen / pencil. Use a piece of paper to record the
data.

Introduction

In practice, the property of light can be described a®p#gs illustrated in the previous labs,
Geometrical Optics and Refractive Index” and “Thin Lensed its Equations.” The ray optics
explains that the light ray goes through straight to f@susnage associated with most of daily
life phenomena, such as telescopes, microscopes, etgevidr, in a microscopic way, light has a
different property. Light is one of the electromagnetiwes, which is described by frequencies
or wavelengths. In a word, light also has a waveastter.

Young'’s double slits experiment is a famous test to shewave property of light which is
based on diffraction and interference. This cannoixplmed by ray optics because only two
slits gives multiple fringes on a screen. According i® plarticular experiment, the wavelength
of the light can be obtained as follows:

dsing

n
whered is the distance between slitsis the order of light spot, ardis the angle from the
center to the light spot. With a single slit, one caculs this in the same way, but the theory is
not straightforward. The eventual formula appears &rb#ar to the double slits:
Wsin@
A=
m

whereW is the slit widthm is the order, andis the angle as stated above. However, this is for
the dark fringes.

A=

Objectives:
* Tolearn the wave property of light
* To find the wavelength of laser with double and singls bliised upon the theory




* Preparation

The Cornell Interference and Diffraction
Slitfilm Demonstrator is used in this lab. It
contains several slits including single,
double, and multiple slits.
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With CAL marked in the upper right corner
each slit is placed as shown. The numbers
and 2 indicate single and double slits,
respectively. The values, such as 0.8786
10* m, are the distance between slits,
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The series of slits along with arrows are th¢
continuous slits._Do not use themless
you know exactly where you illuminate.

The shaded ones are multiple slitsich are
not used in this lab.
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What do_most peopleelieve will happen (misconceptions) when you shine a laser bea
double slit?What is the possiblghape or patteron the screen? Draw and explain it briefly.

Double slits

@/E Screen




1. Wavelength deter mination from the
inter ference maxima of double dlits:

To calculate the wavelength, you will use the
following formula:
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where A is the wavelength of the laser beam,
d is the distance between slits, is the
distance from the slit to the screey, is the
distance of the-th intensity maximum from
the central maximum, and is the order.

Warning: the tape measurer mayT your
finger. Exercise caution to handle it.

Double slits

Screen

Conversion formulas if needed

From ‘mm’ to ‘m’, multiply it by 0.001.
From ‘cm’ to ‘m’, multiply it by 0.010.
From ‘feet’ to ‘m’, multiply it by 0.3048.
From ‘inches’ to ‘m’, multiply it by 0.0254

e.g. 3.4 mm 0.0034 m
e.g. 5.6 cm 0.056 m
e.g. 6.9 feet 2.1031 m
e.g. 4.5inches0.1143 m

Central maximum

L = (meter e N
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> Obtain the distance between slits, d : Y > 80)
(See the preparation.)
Find thecenter of each bright spot to measure the=
left right
d= (m)
n left v, right y,, Ave. Yy, o A
(left+ right)/2 (=tanyy/L)
1
2
3
4
Average value ofA =

How well do your values agree and with the expected val6e3@B<10’ m (or 632.8 nm)?

(Helium-Neon L aser)

JA accepted - A measured

x100%0 =

Percent error

accepted

& Insight: If you use an approximatiorsin 8 = tand when the angle is very small, you hav
sin@=Y. Thus, the above formula can Be= %2 . Take the best value from the above data

and calculate with this formula. Compare how closewitis the above result:
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2. Wavelength deter mination from the inter fer ence minima of single dits:

To calculate the wavelength, you will use
the following formula:

Wsin& ,  whered = tan_l[—

: ‘)

where A is the wavelength of the laser
beam,W is the slit width,L is the
distance from the slit to the screey,, is

the distance of thm-th dark fringe from
the central maximum, anah is the order.

A= Y

M easur ement of distance between dlits
and screen:

L (metersy~

» Obtain the slit width, W :
(Choose a single slit, which are indicated as 1 in thamgalar.)
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Find from thecenter of central maximum to each center of the dark frimgmeasure theg,. fl

W= (m)
left vy, right v, Ave. Y. % A
(left+ right)/2 (=tan'y./L)

Average value ofA =

How well do your values agree and with the expected val6e3@B<10’ m (or 632.8 nm)?

(Helium-Neon L aser)

JA accepted - A measured

Percent error x100%0 =

accepted

Question: Label which is the image of single or double ghbte that the dark part is a dark fringe.)
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