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~ Introduction

netic waves
rization of an EM wave

3. Interference and diffraction (double and single
slit experiments)

- Polarization and Interference experiment:

1. Description of the apparati
2. Data analysis
- Tips for the experiment
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Electromagnetic waves
Electromagnetic wave = oscillating electric and magnetic
fields
An EM wave

¢ = 299792458 m/s ~ 3 x 10° m/s
Electric and magnetic fields are always perpendicular to

each other P

|
/ '
- |
Drection of dectrc hed oscillaton.
POLARIZATION.
411
i m

Dirnchon of sght "ay propagaticn
N\

Image taken fiom HyperFhysics

(James Clerk Maxwell...

Pretty smart guy...
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~ Polarization

light wave = X P2
ion of the
«
jht is usually 4 »
s N
U polarlzed AII directions of the Unpolarized beam of light

electric field are equally probable. moving perpendicularly to
the screen. No preferred

direction of oscillation

- Linearly polarized light = the < >
direction of oscillation at a Linearly polarized beam of

particular point in space is always light moving perpendicularly
to the screen. Electric field

the same points in one direction only.
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Polarization by selective absorption

* White light (as from a light bulb) is usually unpolarized.

- Polarizer = material that
of the incoming light

- If we place two linear polarizers in sequence then:

1. First one: it makes unpolarized light linearly polarized

2. Second one: it determines which fraction of the incoming light
arrives at the end of the apparatus

Unzolarized
light Polarizer

arized Transmission axis )
Polarized but
half intensit
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 Malus’ Law

arizers in sequence, the magnitude of
arized electric field will depend on the
rizers.

: 0
|Eo| cos @ =N .
Sionied BT \A
/ \ Orientation of second
polarizer
Electric field coming out Electric field coming :
of second polarizer out of first polarizer : \

Orientation of first
polarizer

- This is how the electric field behaves when passing
through two linear polarizers. \What do we actually see?
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 Malus’ Law

stect the electric field directly

average Intensity
le squared of the electric field

2

—

i L

+ From the ormula In the previous slide we obtain the so-
called Malus’ Law.

I I, cos? 9

/ Relative angle between the axes of

Intensity coming out the two polarizers

of second polarizer Intensity coming out of
first polarizer
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Malus’ Law

The intensity coming out of the polarizers as a function of
the angle between the two then looks like:

If the two polarizers are

perpendicular to each
other no light is

transmitted

4’ ‘ ‘-'

 YOU'SHALLNGT
PASS!

PHYS 1493/1494/2699: Exp. 5 — Polarization and Interference



Interference

» The result of this superposition can lead to a wave with
greater or smaller amplitude

- This phenomenon is called interference

INTERFERENCE
Destructive Constructive
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Young's double slit experiment

Question: if light is a wave,

what should we expect from
it?

- Young's double-slit
experiment (1801):

Pass light through two very
narrow slits and observe
pattern on distant screen.

- Waves coming out of the two
slits interfere and create a
fringe pattern of bright and
dark spots
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Young's double slit experiment

= The pattern on the wall can be derived from optics

* \We need to see how two rays from the two slits interfere
with each other

Interference pattern

- Al =1 —1 =~dsin correspond to
r 2 dark spots

- D

Maxima m= —2
correspond to

bright spots Viewing screen
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Condition for a bright spot

Let the screen be at a
distance D from the slits. Let's
take this distance much larger
than the distance between
slits (D>>d).

Rays emerge almost parallel
to each other.

In order for both of them to
one of _

the two must travel a slightly sy /”(?) ~ )
longer distance: )’

I Extra distance
i s Slits traveled by the
Al = dsin 0 second ray
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Condition for a bright spot

» \We want a bright spot, /.e. constructive interference

In order for two the difference in travel
distance must be a

Al = dsinf = m\

where m is an integer number and A is the wavelength of
Incoming light

Since D>>d we can use the small angle approximation:

sinf) ~ tan 6 ~ x,,/D

The distance of the m-th bright
spot from the center is then:

AD
» d
Viewing screan
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yuble-slit experiment

J in the double slit experiment is due
>Ct

u will also have diffraction. Light
; be a combination of the two effects
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Young's double-slit experiment

The pattern appearing in the double slit experiment is due
to the interference effect

However, In real life you will also have diffraction. Light
phenomena will always be a combination of the two effects

Diffraction = Spread of
waves around an obstacle or
slit

Only relevant when the
obstacle size is comparable
to the wavelength

Wave behaves as if it was
interfering with itself

FICURE 316-4 The diffraction of water waver in a riople tank,
Waves moving from lefl toright flare ot thrugh an agening n a
bamer aleng the waser surface
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‘intensity pattern
und a single slit the intensity is

2
sin 9) | a=single-slit width
» . A =wavelength
in 60 I 6 =angle on the screen
]
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Diffraction intensity pattern

- |If diffraction is made around a the intensity is
iven by:
J y sin (W_a sin 9) : a = single-slit width
I =1 A . A = wavelength
X sin 6 0 = angle on the screen

- Single-slit minima occur at:

\Trgesit /%
wa | j envelope | [
~ sinf = nm RN W

N

oy
‘”
c
(b
—
—

" — ::1, ::2, :—3, .« o

- Again, using small angle
approximation, the minima

occur at: \D
()

a

PHYS 1493/1494/2699: Exp. 5 — Polarization and Interference 17



Diffraction intensity pattern

- |If diffraction is made around a the intensity is
iven by:
J y sin (W_a sin 9) : a = single-slit width
I =1 A . A = wavelength
X sin 6 0 = angle on the screen

- Single-slit minima occur at:

Veingesit | /| %
T7Ta i | envelope L A
—sinf = nm R WY

A
" — ::1, ::2, ::3, .« o

oy
‘”
c
(b
—
=

- Again, using small angle
approximation, the minima

occur at: \D
T =nmn Careful! The expression is similar to that for the
-

a double slit but now it’s for , hot bright
ones
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wo polarizers at an angle 6 with respect to each
HCIERR cos’ 0

- To study the interference and diffraction phenomena

Use a He-Ne laser as coherent light source (single wavelength)
Determine A\ of the laser from the double-slit interference pattern
Determine \ of the laser from single-slit diffraction pattern
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Equipment

Fecise scientific generator of
Blarized white light... a light bulb...

e

Linear Translator

Allows you to 7 9 Measures
| ge the

AR Rt T IR G o relative
ng point on Incandescent Light Source Hotomerer i(ntensity)
creen by
ons of Tmm

Holders Fiberoptic

MO g v

Cable

. . Incandescent Light Source

Polarization Filters Power Cord
(18 and 19)

Red Filter Shit Accessory n m ﬂ“

(32) Slide (13) Bench Couplers and Screws
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Part 1: Malus’ law

- Equipment:
Incandescent light source (source of EM waves)
Polarization filters
Photometer (measures intensity of outgoing EM waves)

- For polarization:

Incandescent light is a source of unpolarized EM waves

E-field has no preferred direction
Place a polarizer in front of the incandescent light source

Outgoing light should be
polarized!

Lot zed lipht b="F olasizad | gt b=

Fig.l  Pclarization of light
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Part 1: Malus’ Law

- Polarizers in sequence
Place two polarizers in front of the light source
- Measuring intensity of light:

Align the axis of both polarizers such that they are parallel to each
other. Measure and record intensity.

with
respect to the first one. Record intensity at each step

Unpolarized
light Polarizer

Anglyzer

Trarsmission axis

I i v
/%f I-.'u cos
(
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- Perform a linear fit

- Plot residuals to

Part 1: Malus' Law

-+ According to Malus’ law:

1(0) = I, cos” ¢

* You will have a set of (I;, 6;)pairs

by plotting I/, vs. cos®

and find and

(w/_errors!).
Are they what you
expect?

check for
consistency of the fit
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Part 2: double-slit experiment

- Procedure:

Mount laser in far end of optical bench.
Mount slit set C (double-slit) in front of the laser beam.
Observe double-slit intensity pattern with a white piece of paper.

Use linear translator with fiber optic attached to measure
intensity at different positions in the transverse direction

Op: cal beren Caemopenent holcers Lirear translator

Comporent aclder Fier onlic zab e
for double slt

Photcmeter
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Part 2: double-slit experiment

Record the Locations of Double Siit Interference Maxima

Plot x_ vs. order number (m)

Perform a linear fit

: gl =4.6333x + 25.244
Use slope to estimate the | e e 09097

wavelength of the laser

Remember to propagate

PR
uncertainties! orciar TRETESr 32

If you are careful enough the
results can be fairly accurate:

)\meas — 620.1 = 3.5 nm
Atheor = 032.8 nm
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Part 3: single-slit envelope

* Once again take measurements in the transverse direction

- Should be able to observe

but in smaller increments and look for brighter spots

- Plot relative intensity (/1) vs. Double Sit Inensity
order number m. 12

1=

0.6

the single-slit envelope.

06

- Using the single-slit width 04
(a), determine wavelength of 2
laser. A . _

Sin (% Sin 6) order number m
I — IO mwa .
X sin v
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Part 3: single-slit envelope

Once again take measurements in the transverse direction
but in smaller increments and look for brighter spots

Plot relative intensity (/] ) vs. Double S Inensity
pOSition Xm. 12

1=

Should be able to observe *
the single-slit envelope, note

where the single slit minima
are Xn

06

01

0z -

Plot x»vs. n, where n is _ -
minima order number Position

Using slope and wavelength NOTI%\TRiskptﬁrt S dep?ndinggn '
from part 2, determine a your . AS em 10r the exact proceaure:

()\D
TG =l
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Tips

- Here are some tips that might be
useful:

1. For all the three parts: be careful when

you read the intensity. The photometer is T, ﬁ 5[7
analogical and the reading might be SN f ? [? 5

influenced by parallax. Try to read the DT : &EEE:A‘ ‘

photometer always in the same way To\ escenst) | S8\ ser!
2. For the polarizer part: put the polarizers

as close as possible to the optic fiber

i Dord'T
- .. -Th wiTH 2
cable to minimize the amount of i & S 185 tS!

environmental light coming in.

-
=
S
By
-
e
>
«
~
o
2
"t
)

3. Forthe last part: move everything closer

to the laser to make the pattern bigger
but remember to change the value of D!
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