LC-1: Interference Name
Lab #1 Worksheet Section

Your TA will use this sheet to score yourlab. Youneed to tumnitin at theend of 1ab. You
should use complete sentences and clearly explain your reasoning to receive full credit.

Thelightsourceis alaser diode with awavelength of about670nm. Carefully read the laser
handling precautionsin thelab manud: thelaser diodeis a source of extremely intense light
which can damage your or someoneelse@@ vison if mishandled.

Y our experiment congsts of

Part A: Interference and Diffraction

1) A laser diodelight source,

2) A circular wheel of single dits of variouswidths

3) A circular whedl of doubk dits of variouswidthsand spacings aswell as

4) A diffraction grating mounted to a holder tha fits on theoptical track

5) A light detector. Thelightdetector also has a circular whedl in frontof it, with apertures of
various larger widths You move the light detector perpendicular to the beam pah to
guantitatively measure intengty variations of the interfering or diffracted light The
different dits are to set the spatia resolution of the light detector: dit #1 works well, with
a sengtivity setting of A0Q(dlide switch on detector). If this is too senstive (so tha the
detector saturates, as evidenced by flat topsto the diffraction peaks), you can use A0

6) An optical track onwhich all these pieces can be mounied.

Part B: Using interference to measure small spacings
7) A CD andaDVD

Part C: Thin film interference
8) A Luminesque Fireworks Bow, and other multilayer plastic cut from alower-qudity bow.
9) A piece of dichroic Gurt glassQ Thisis a glass subdrate with thin-film multilayers on top.

Part A. Interference: Start out with Experiment |1 in the lab manual

Here you will be investigaing two-dlit interference. The two dits illuminaed by the laser
beam act as two sources of spheica waves of light tha are of the same frequency and
same phase. These spheical waves form an interference patern throughoutall space. Tha
is, at al points in space, the total lightis a supepogtion of light originaing from the two
dits. You investigae the interference patern visudly by looking at the reflection from a
white screen, and you record quantitative information on the computer with alight detector
tha you move manudly across theinterference patern.

Setup: Postion the Multiple dit setOcircular wheel at 110 cm on the track, and the laser
diodedirectly behindit (this barely fits onthetrack). Make sure that theactud disc lines up
with the 110cm mark, and not jug some part of the plastic holder. This sets the dlit-screen
distance to 100cm.

Turn the multiple dit wheel to postion the &=0.04 mm, d=0.25 mmOdoubk dit in front of
thelaser beam.

Postion the detector aperture (Ilabded A Oor @0on the aperture wheel) near the center of the
track.

If the diffraction patern doesn® fall on the detector aperture, use the thumbscrews on the
back of thelaser to adjud itsangle

Put the white screen on thetrack in front of the light detector.
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A1) Describe or sketch what you see on thewhite screen.

A?2) Thewavelength of thediodelaser is about 670 nm. Calculate approximately how many
wavelengthsof laser light are in the space between the dits and thewhite screen.

A3) Now take off the white screen, and start the DataStudio program on thelab computer by
clicking once on the settingsfile on the Q.aboratoriesOpage of the cour se web site (not the
lab manud web site). Use the computer to record the intengty pdtern: click start and dowly
move the photoddector across the interference pattern by turning the wheal with your hand.
Enlarge the daa in DataStudio so only the central peak and two peaks on either sidefill the
screen. Record the distances beween the central maximum and the immediately adjacent
minimum, and the next maximum.

From central peak to nearest minimum From central peak to neighbor peak
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A4) Here is a sketch of your experimental setup, but notto scale. The dit spacing d is much
smaller than shown, and the screen distance L is much larger than shown. Thetwo dits act as
two in-phase sources of light Thewaves travel outin al directions and hit the screen in all
places Bthelines are jud to indicate the pah of thelight tha hits the detector at point x.

Detector

T S

R 5=dsing = path length difference

Slits

< L >

We showed in class tha one pah is longe than the othe by an amount " =dsin#,
where 6 isthe angle of the detector away from thedashed centerline

Using this relation, find the pah length difference for the maximum and minimum in the
previousquestion. (Hint tanf = x/L)

1" minimum Next maximum

0

J in millimeters

J in nanometers

0 in wavelengths of laser light

Ab5) The waves from each dit start out in phase, but they propagae difference distances to
reach the detector. What isthecondition ond that they

Interfere condructively? Interfere destructively?
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How does this compare with theresultsin your table above?

A7) Findthe spoton thewhed tha has groupsof 2, 3, 4, and 5 dits. These all have the same
dit separation, and dit width, jug different numbers of dits. Take daa on the computer
for each of these. This will result in four graphs Examine the graphsby zoomingin to
the central 5 peaks of each. If you aways start the detector at the same spot, and moveit
in the same direction, thegraphswill be mogly aigned with each other on the computer
screen.

Do thefollowing aspects of the interference pdatern increase, decrease, or stay the same
asthenumbe of ditsincreases?

Separation between max | Width of max Height of max

Increase, decrease,
or stay the same

A8) In this part you use a @eplica gratingOThis is an extendeal version of the multiple dits
above with @litsCruled continuousy across it at a dendty of 600 lines'mm. Shining the
laser beam throughthegrating is like shining it throughthe multiple ditsin A8) but with
more than 1000dlits, since thelaser beam covers severa millimeters of grating.

Take out the dit whedl, and put the replica grating (square object taped to holder) on the
track about20 cm in front of the screen. Use the computer to measure the postionsof the
seconday maxima (as before, rotate thewhedl to movethe detector).

i) At what angle away from the central maximum does the seconday maxima occur?

i) Isthis angle GmallOor tigCP

iii) Determine the wavelength of the laser light usng the postions of the interference
maxima on the screen, the dit separation of the grating, and the distance between the
grating and the screen.




LC-1: Interference Name
Lab #1 Worksheet Section

B. Interference from a compact disc and digital video disc.

CDs and DVDs have information recorded on closely-spaced tracks spiraling around the
disc. Neighboing tracks are separated by a fixed radial distance. These tracks can act like the
dits you used above but in reflection. This is another type of @iffraction gratingOIn this
section you measure thetrack spacingona CD and DVD by interference.

TheCD isintheplastic case, and theDVD isin the white envdope

Put the white barrier in front of the detector and tape the CD to it. The CD tracks should be
vertical at the point the beam hits the CD. Be careful where the reflectionsfrom the CD end
up B don®hit somebody in the eye! It hdps to turn off the laser when you are not using it.
Take a blank sheet of pgper, and make a hole about 1 cm diameter for the laser to shine
through. Pogtion the pgoer about 10 cm in front of the CD so tha the laser shines through
and hits the CD.

B1) What do you see reflected onthe pgpe?

B2) Edtimate the track sepaation on the CD from the patern on the pee.
(Hint: one easy way is to find the distance of the pgper from the CD at which the two
diffraction spots hit the (long) edges of the pgoer. Then you know that they are separated by
11inches, and thedistance from central max to aspotis 11/ 2 = 5.5 inches. This works best
if thetracks are vertical where thelaser beam hits)

0

Beam
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B3) Repedat for the DVD.

B4) Look uptypical track spacingsfor a CD and DVD ontheweb, and compare.

B5) Why do you see colors when white light reflects from the CD/DVD?
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C. Thin film interference

In parts 4 and B, you saw how the interference of regularly-spaced light sources can result in
condrudive or destructive interference. In the first pat of the lab, each dit in the wheel or
diffraction grating became a tiny source of transmitted light In the second part, highly
reflective tracks on a CD or DVD each became atiny source of reflected light

In both of these cases, thelight sources were arranged regularly alonga surface.

But there are many cases where the reflections are arranged through the thickness of the
material. A common example is the sogp bubbke we discussed in lecture, where reflections
from the top and bottom surface of the sogp film act as two light sources, which interfere at
your eye. When white light shines on the film, some wavelengths (colors) of the light will
interfere condructively, and some destrudively. You see the colors that interfere

condrudively.
@ﬁ nairzl.o
nﬁ|m:1.5

nairzl.o

C1) Make a numbered list of thefactors tha contribute to the phase difference at your eye of
thetwo reflected beams.
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C2) Make a rough estimate of the thickness in millimeters of the thinnest film like the one
abovetha would appear yellow ( “ #570nm) when illuminated with white light

yellow

C3) A film like the oneaboveis extremely fragile because it is so thin. In the last ten years,
companies have developed processes to efficiently produe microlayer plastic films
congsting of hundedsof alternaing pdyester (n=1.8) and acrylic (n=1.5) layers.

Thisisandogousto adiffraction grating, with areflection at each interface between layersin
the plastic in the same way tha the film interference on the previous page was andogousto
two-dlit interference.

Here thegratingis throughthethickness, rather than across the surface asin a CD/DVD.

The Luminesque Fireworks Bow is made from such plastic. Not all tables have these B

borrow from another table if you don®have one You should at least have some multilayer
plastic cut from alower-qudity bow, butit is not as uniform.

You should aso have a piece of QlichroicOglass. This glass appears colored because of a
multilayer thin-film deposted onits surface.

Look at thebow/glassin three different ways and describe what you see:

i) Hold the bow in front of a window or light source, and look throughthe front of the
bow at thelight source

i) Continueto look throughthe bow at the light source. Tilt the bow in variousways,
continuing to look at thetranamitted light

iii) Look at thelightreflected from the bow.
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C4). Thefigure bdow isadrawing of afilm asif it had only two layers rather than hundeds
Sketch four different pathsthelight could take to reach your eye in trangmission.

Air (n=1)

Polyester (n=1.8)

Acrylic (n=1.5)

Air (n=1) /\

White
light

C5) Choo= two of the paths and write down the phase difference between them. Do thisin
terms of thelayer thicknesses and theindices of refraction.

Wha layer thicknesses are required to give condrudive interference for the ob%rved
wavelength (~450nm).

C6) Wha is onereason that thetrangmitted color might changewhen thebowistilted?



