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Copyright, Warranty, and Equipment Return

Please—Feel free to duplicate this manual
subject to the copyright restrictions below.

Copyright Notice

The PASCO scientific 012-07137 Precision
Interferometer manual is copyrighted and all rights
reserved. However, permission is granted to non-profit
educational institutions for reproduction of any part of
the manual providing the reproductions are used only for
their laboratories and are not sold for profit.
Reproduction under any other circumstances, without
the written consent of PASCO scientific, is prohibited.

Limited Warranty

PASCO scientific warrants the product to be free from
defects in materials and workmanship for a period of
one year from the date of shipment to the customer.
PASCO will repair or replace at its option any part of
the product which is deemed to be defective in material
or workmanship. The warranty does not cover damage
to the product caused by abuse or improper use.
Determination of whether a product failure is the result
of a manufacturing defect or improper use by the
customer shall be made solely by PASCO scientific.
Responsibility for the return of equipment for warranty
repair belongs to the customer. Equipment must be
properly packed to prevent damage and shipped postage
or freight prepaid. (Damage caused by improper
packing of the equipment for return shipment will not
be covered by the warranty.) Shipping costs for
returning the equipment after repair will be paid by
PASCO scientific.

EquipmentReturn

Should the product have to be returned to PASCO
scientific for any reason, notify PASCO scientific by
letter, phone, or fax BEFORE returning the product.
Upon natification, the return authorization and shipping
instructions will be promptly issued.

NOTE: NO EQUIPMENT WILL BE ACCEPTED
FOR RETURN WITHOUT AN AUTHORIZATION
FROM PASCO.

When returning equipment for repair, the units must be
packed properly. Carrierswill not accept responsibility
for damage caused by improper packing. To be certain
the unit will not be damaged in shipment, observe the
followingrules:

1. The packing carton must be strong enough for the
itemshipped.

2. Make certain there are at least two inches of packing
material between any point on the apparatus and the
inside walls of the carton.

3. Make certain that the packing material cannot shift
in the box or become compressed, allowing the
instrument come in contact with the packing carton.

Phone: 1-800-772-8700 x1004 (USA)
+1916 462 8384 (outside USA)

Email: support@pasco.com

Chat: http://pasco.com
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Precision Interferometer

Introduction

The OS-9255A Precision Interferometer providesboth a
theoretica and apractica introductiontointerferometry.
Precise measurements can be madein three modes:

Michelson

TheMichelsonInterferometer ishistorically important, and
alsoprovidesasimpleinterferometricconfigurationfor
introducing basi c principles. Studentscan measurethe
wavel ength of light and theindices of refraction of air and
other substances.

Twyman-Green

The Twyman-Green Interferometer isan important
contemporary tool for testing optical components. It has
madeit possibleto create optical systemsthat are accurate
to within afraction of awavel ength.

NOTE: ThePASCO Precison|nterferometerisnot
designedfor actual component testinginthe
Twyman-Green mode. Itisintended only to provide
asimpleintroductiontothisimportant application of
interferometry.
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Fabry-Perot

The Fabry-Perot Interferometer isalso an important
contemporary tool, used most often for high resolution
spectrometry. Thefringes are sharper, thinner, and more
widely spaced thanthe Michelsonfringes, sosmall differ-
encesinwaveength can be accurately resolved. The
Fabry-Perotinterferometer isalsoimportantinlaser
theory, asit providestheresonant cavity inwhich light
amplificationtakesplace.

Switching between thesethree modes of operation and
aligningcomponentsisrelatively smple, sinceal mirrors
mount to the basein fixed positions, using captive panel
screws. Lenses, viewing screens, and other components
mount magnetically to the base using theincluded compo-
nent holders.

Measurementsare precisein al three modes of operation.
A 5 kg machined aluminum base providesastable surface
for experimentsand measurements. All mirrorsareflat to
1/4wavel ength, and thebuilt-in micrometer resolvesmirror
movement to within onemicron.
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Equipment

TheOS-9255A Precision Interferometer includesthe
followingequipment:

» 5kgBasewithbuilt-inmicrometer
o AdjustableMirror

» MovableMirror

* Beam Splitter

» Compensator Plate

¢ (2) Component Holder

* Viewing Screen

* Lens, 18 mm Foca Length

* Diffuser

* Fitted StorageCase

Additional Equipment Required —
o Laser (0OS-8514 or SE-9449A)
* Laser Bench (0S-9172)

NOTE:

Thepreceding equi pment includeseverything needed
for basic Michelsoninterferometry. Y ou can pro-
duceclear fringesand make precise measurements
of thewavelength of your source. However, to
performtheexperimentsin thismanual, youwill
need additiona components, such asthe OS-9256A
Interferometer Accessoriesor acomparable set of
your own components.

ThePrecison Interferometer isavailableasa
complete system. Pleaserefer to your current
PASCO cataogfor details.

Additional Equipment Recommended —
TheOS-9256A I nterferometer Accessoriesincludes:

* Rotating Pointer

* VacuumCell

e Component Holder

* Lens, 18 mm Focal Length

* Lens, 48 mm Focal Length

* GlassPlate

* (2) Polarizer

* Vacuum Pumpwith Gauge

NOTE:

The OS-9255A Fitted Case also provides storagefor
these accessory components.

About Your Light Source

Westrongly recommend alaser for most introductory
applications. A spectral light source can be used (seethe
Appendix), but that really comprisesan experimentinand
of itself for beginning students. A laser sourceiseasy to
useand producesbright, sharp fringes.

The OS-8514 Mini Laser with Bracket, SE-9449A HE-NE
Laser, and OS-9172 Laser Alignment Bench areavailable
from PASCO. However, any low power laser that operates
inthevisiblerangewill work well. If youwant to
demonstrate theimportance of polarizationin
interferometry, anon-polarized laser should be used. For
easy dignment, the beam should beapproximately 4 cm
abovethelevel of the bench top.

0S-9172
Laser Alignment
Bench
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Theory of Operation

Interference Theory

A beam of light can be model ed asawave of oscillating
electric and magnetic fields. When two or more beams of
light meet in space, thesefieldsadd according tothe
principle of superposition. That is, at each point in space,
theelectric and magnetic fieldsare determined asthe
vector sum of the fields of the separate beams.

If each beam of light originatesfrom aseparate source,
thereisgenerally nofixed rel ationship betweenthe el ectro-
magnetic oscillationsinthebeams. At any ingtantintime
therewill be pointsin spacewherethefieldsadd to
produce amaximum field strength. However, the oscilla-
tionsof visiblelight arefar faster than the human eye can
apprehend. Sincethereisno fixed relationship betweenthe
oscillations, apoint at whichthereisamaximum at one
instant may have aminimum at the next instant. The
human eye averagestheseresultsand perceivesauniform
intensity of light.

If the beams of light originate from the same source, there
isgenerally somedegreeof correlation betweenthe
frequency and phase of the oscillations. At onepointin
spacethelight from the beams may be continualy in
phase. Inthis case, the combined field will dwaysbea
maximum and abright spot will be seen. At another point
thelight from the beams may be continually out of phase
and aminimum, or dark spot, will be seen.

Thomas Y oung was one of thefirst to design amethod for
producing such aninterference pattern. Heal lowed a
single, narrow beam of light tofall ontwo narrow, closely
spaced dits. Oppositethe ditshe placed aviewing screen.
Wherethelight from thetwo dits struck the screen, a
regular pattern of dark and bright bands appeared. When
first performed, Y oung’ sexperiment offeredimportant
evidencefor thewave nature of light.

Y oung’ sdlits can be used asasimpleinterferometer. If the
spacing between the ditsisknown, the spacing of the
maximaand minimacan be used to determine the wave-
length of thelight. Conversdly, if thewavelength of the
light isknown, the spacing of thedlits could be determined
fromtheinterference patterns.

The Michelson Interferometer

In 1881, 78 yearsafter Y oungintroduced histwo-dlit
experiment, A.A. Michelsondesignedand built aninterfer-
ometer usingasimilar principle. Originally Michelson
designed hisinterferometer asameansto test for the
existence of the ether, ahypothesized medium inwhich
light propagated. Duein part to his efforts, the ether isno
longer considered aviable hypothesis. But beyond this,
Michelson’ sinterferometer hasbecomeawidely used
instrument for measuring thewavelength of light, for using
thewave ength of aknown light sourceto measure
extremely small distances, andforinvestigating optical
media

Figure 1 showsadiagram of aMichelsoninterferometer.
Thebeam of light from thelaser strikesthe beam-splitter,
which reflects 50% of theincident light and transmitsthe
other 50%. Theincident beam istherefore split into two
beams; one beam istransmitted toward the movable mirror
(M), the other isreflected toward the fixed mirror (M.,).
Bothmirrorsreflect thelight directly back toward the
beam-splitter. Half thelight from M isreflected fromthe
beam-gplitter tothe viewing screen, and half thelight from
M, istransmitted through the beam-splitter totheviewing
screen.

—————— Viewing Screen

v
Beam Compensator
Splitter 4 Plate
5 ' /2
@ > ” > Wl
© > > f
- 'J N 192
Lens M Movable Mirror
M)
v
A
— 1 jl\djustable Mirror
(M,)

Figure 1. Michelson Interferometer
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Inthisway, theoriginal
beam of light issplit, and
portionsof theresulting
beamsare brought back
together. Sincethe
beams are from the same
source, their phasesare
highly correlated. When
alensisplaced between

©

the laser source and the
beam-gplitter, thelight ray
spreads out, and an
interference pattern of dark and bright rings, or fringes, is
seen ontheviewing screen (Figure 2).

Figure 2. Fringes

Sincethetwo interfering beams of light were split fromthe
sameinitial beam, they wereinitialy in phase. Their
relative phase when they meet at any point ontheviewing
screen, therefore, depends on the differencein thelength
of their optical pathsin reachingthat point.

By moving M, the path length of one of the beams can be
varied. Since the beam traverses the path between M, and
thebeam-splitter twice, moving M, 1/4wavelength nearer
the beam-splitter will reducetheoptical path of that beam
by 1/2 wavelength. Theinterference pattern will change;
theradii of themaximawill be reduced so they now
occupy the position of theformer minima. If M, ismoved
anadditional 1/4wavelength closer tothebeam-splitter,
theradii of themaximawill again bereduced so maxima
and minimatrade positions, but thisnew arrangement will
beindistinguishablefromtheorigind pattern.

By slowly moving the mirror ameasured distanced_, and
counting m, the number of timesthefringepatternis
restored toitsorigina state, thewavelength of thelight (A)
canbecalculated as:

\ - 2n

m
m

If thewavelength of thelight isknown, the same proce-
dure can be used to measured .

| PASC O

NOTE: UsingtheCompensator

In Figure 1, notice that one beam passesthrough the
glassof thebeam-splitter only once, whilethe other
beam passesthrough it threetimes. If ahighly co-
herent and monochromatic light sourceisused,

such asalaser, thisisno problem. With other light
sourcesthisisaproblem.

Thedifferencein the effective path length of the
separated beamsisincreased, thereby decreasing
the coherence of the beams at the viewing
screen. Thiswill obscuretheinterference pattern.

A compensator isidentical tothebeam-splitter, but
without thereflective coating. By insertingitinthe
beam path, as shown in Figure 1, both beams pass
throughthesamethicknessof glass, eliminatingthis
problem.

The Twyman-Green Interferometer

The Twyman-Green Interferometer isavariation of the
Michelson Interferometer that isused to test optical
components. A lens can betested by placing it in the beam
path, so that only one of theinterfering beams passes
throughthetest lens(seeFigure 3). Any irregularitiesinthe
lens can be detected in the resulting interference pattern. In
particular, spherical aberration, coma, and astigmatism
show up asspecific variationsin thefringe pattern.

———
v
Test
Lens ~ 4 Lens
> —
S > > f\ - ‘
lJ > V ‘
v
Y
A
e ———

Figure 3. Twyman-Green Interferometer
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The Fabry-Perot Interferometer

In the Fabry-Perot Interferometer, two partial mirrorsare
aigned pardlel tooneanother, forming areflectivecavity.

Figure 4 showstwao raysof light entering such acavity and

reflecting back and forthinside. At each reflection, part of
thebeamistransmitted, splitting eachincident ray intoa

seriesof rays. Sincethetransmitted raysareal split froma
singleincident ray, they haveaconstant phaserelationship

(assuming asufficiently coherent light sourceisused).

The phase rel ationship between thetransmitted rays
depends on the angle at which each ray entersthe cavity

and on the distance between the two mirrors. Theresultisa
circular fringe pattern, similar tothe Michel son pattern, but

with fringesthat arethinner, brighter, and morewidely

spaced. The sharpness of the Fabry-Perot fringes makesit a

valuabletool inhigh-resol ution spectrometry.

As with the Michelson Interferometer, as the movable
mirror ismoved toward or away from the fixed mirror, the
fringe pattern shifts. When the mirror movement isequal to
1/2 of thewavelength of thelight source, the new fringe
patternisidentical totheoriginal.

Partial Mirrors

Adjustable Movable

Viewing
Screen

Figure 4. Fabry-Perot Interferometer

Setup and Operation

Laser Alignment

* |f youareusingaPASCO Laser and Laser Alignment

Bench, the setup and alignment procedureisasfol-
lows.

« |f you areusing adifferent laser, the alignment proce-

dureissimilar. Adjust your laser sothat thebeamis
approximately 4 cm abovethetabletop. Thenaign
thebeam asin steps 4 and 5, below.

« |f youareusing aspectral light sourceinstead of a
laser, see Quggestions for Additional Experiments,
near the end of the manual.

Toset up and align your PASCO L aser:

1. Settheinterferometer base on alab table with the mi-
crometer knob pointing toward you.

2. Postionthelaser alignment benchtotheleft of the
baseapproximately perpendicul ar totheinterferometer
base and place the laser on the bench.

3. Securethemovablemirror intherecessed holeinthe
interferometer base.

4. Turnthelaser on. Using theleveling screwsonthela
ser bench, adjust itsheight until thelaser beamisap-
proximately parallel withthetop of theinterferometer
base and strikes the movable mirror in the center. (To
check that the beamis parallel with the base, placea
piece of paper in the beam path, with the edge of the
paper flush against the base. Mark theheight of the
beam on the paper. Using the piece of paper, check that
the beam height isthe same at both ends of the bench.)

5. Adjustthe X-Y position of thelaser until thebeamis
reflected from themovablemirror right back into the
laser aperture. Thisismost easily doneby gently did-
ing the rear end of the laser transverseto the axis of the
aignment bench, asshowninFigure5b.

Y ou are now ready to set up theinterferometer in any of
itsthree modes of operation.

| PASC ON
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Laserbeam

=

=

Movéble

mirror

Slide the rear of the

laser laterally on the

alignment bench until

the beam is reflected

straight back into the
laseraperture.

Figure 5. Aligning the Laser

NOTE:

For easeof install ation, the placement of theindividual
componentsin the various modesisindicated on the
label.

Michelson Mode

1. Alignthelaser andinterferometer baseasprevioudy
described. Thelaser beam should beapproximately
parallel with thetop of the base, should strike the center
of themovablemirror, and should bereflected directly
back into the laser aperture.

2. Mount the adjustable mirror on theinterferometer base.
Position one component holder in front of thelaser.
Place the other component holder opposite the adjust-
able mirror and attach the viewing screento its mag-
netic backing. SeeFigure6.

3. Positionthebeam-splitter at a45 degreeangletothe
laser beam, within the crop marks, so that the beamiis
reflected to the fixed mirror. Adjust the angle of the
beam-splitter as needed so that the reflected beam hits
thefixed mirror near itscenter.

4. Thereshould now betwo sets of bright dotson the
viewing screen; one set comesfrom thefixed mirror
and the other comes from the movable mirror. Each
set of dots should include abright dot with two or more
dotsof lesser brightness (dueto multiplereflections).
Adjust theangle of the beam-splitter again until thetwo
setsof dotsare as closetogether as possible, then
tightenthethumbscrew to securethe beam-splitter.

| PASC O

Component Interferometer
holder base

AR

0S-9255A

Compensator
(optional)

Viewing screen

A /,// =
N 7 4
3 \
g | DN \
N v L]
Movable

Beam .
Component il

holder splitter

Adjustable mirror
Lens ’

18mm FL z

mmmmmm

e o

I Thumbscrews

Micrometer
knob

Figure 6. Michelson Mode Setup

5. Using the thumbscrews on the back of the adjustable

mirror, adjust the mirror’ stilt until the two setsof dots
ontheviewing screencoincide.

6. Thecompensator isnot needed for producing interfer-

encefringeswhenusing alaser light source. However,
if you wish to usethe compensator, it mounts perpen-
dicular tothe beam-splitter, asshown.

7. Attachthe 18 mm FL lensto the magnetic backing of

the component holder in front of the laser, as shown,
and adjustitsposition until thediverging beamiscen-
tered on the beam-splitter. 'Y ou should now seecircu-
lar fringeson theviewing screen. If not, carefully ad-
just thetilt of the adjustablemirror until thefringesap-

pear.

8. If you havetroubleobtaining fringes, see Trouble-

Shooting at the end of this section.
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Twyman-Green Mode

1. Setuptheinterferometer inthe Michelson mode, as
describedabove.

2. Removethepointer from therotational component
holder. (It isrecommended to store the pointer, washer
and thumbscrew in the storage case.) Place the compo-
nent holder between the beam-splitter and the movable
mirror (seeFigure 7). It attachesmagnetically. Mount a
second 18mmFL lens(L ) onitsmagnetic backing
and positionit.

3. Removetheorigina lens(L,) frominfront of thelaser.

Observe the two sets of dots on the viewing screen—one
set from the movable mirror and one set from the
adjustable mirror. Adjust the position of L2 until both sets
of dots are the same size.

4. Adjust thetilt of the adjustable mirror until thetwo sets
of dotscoincide.

5. ReplacelensL, infront of thelaser. Movetheviewing
screen soit'sat least 12 inches from the edge of the
interferometer base. Fringesshould appear inthebright
disk of the viewing screen. Fine adjustmentsof L, may
be necessary to find thefringes. A piece of white paper
or cardboard can be used in place of theviewing
screen. A 48 mm FL convex lensmay also be used to
magnify the projectedimageof thefringes.

e pr—
0S9255A  — INTERFEROMETER

(/‘ I
)

Lens

% i \ = 18mmFL

Rotational \
componentholder

1 div=1MICRON

Figure 7. Twyman-Green Mode Setup

Fabry-Perot Mode

1. Alignthelaser andinterferometer baseasdescribedin
Laser Alignment at the beginning of thissection. The
laser beam should beapproximately paralel withthe
top of the base, should strike the center of the movable
mirror, and should bereflected directly back into the

laser aperture.

2. Mount the adjustable mirror whereindicated on thein-
terferometer base and one component holder in front of
themovablemirror. See Figure 8.

3. Placethe other component holder behind themovable
mirror and attach theviewing screentoitsmagnetic
backing. Y ou should see several images of thelaser
beam ontheviewing screen.

4. Usingthethumbscrews, adjust thetilt of the adjustable
mirror until thereis only one bright dot on the screen.

5. Now mount the 18 mm FL Iens on the front compo-
nent holder. A clear sharp interference pattern should
bevisibleon theviewing screen. If you uselight with
two component wavelengths, instead of alaser, two sets
of fringes can bedi stinguished on theviewing screen.

Lens Adjustable mirror Movable mirror
18mm FL

L EARGY PRECISION

0552558 o INTERFEROMETER

(/) %

) (/)

Component /

holder Component
holder

c
[}
[}
It
[}
7]
o

£
=
o

>

1.div =1 MICRON

Figure 8. Fabry-Perot Mode Setup
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Tips on Using the Interferometer

Accurate Fringe-Counting

Thefollowing techniques can hel p you make accurate
measurements.

1. It'snot necessary that your interference pattern be per-
fectly symmetricd or sharp. Aslong asyou canclearly
distinguish the maximaand minima, you can make ac-
curate measurements.

2. It'seasy tolosetrack when counting fringes. Thefol-
lowingtechniquecanhelp.

Center theinterference
pattern ontheviewing
screen using thethumb-
screws on the back of the
fixed mirror. Select aref-
erencelineonthemilli-
meter scaleand lineit up
with the boundary be-

tweenamaximaand a
minima(seeFigure9).
Movethemicrometer dia
until the boundary between the next maximum and
minimum reachesthesameposition astheoriginal
boundary. (Thefringe pattern should look the same as
intheorigina position.) Onefringehasgoneby.

Figure 9.
Counting Fringes

3. Whenturning themicrometer dial to count fringes, al-
waysturnit one complete revolution before you start
counting, then continueturningitinthesamedirection
whilecounting. Thiswill dmost entirely eliminateer-
rors due to backlash in the micrometer movement.

Backlashisadight dippagethat waysoccurswhen
you reversethe direction of motioninamechanical in-
strument. (Turning themicrometer dial clockwise
movesthe movable mirror toward theright. Turning
thedial counter-clockwisemovesthemirror toward the
left.) The PASCO micrometer isdesigned to minimize
backlash. However, by using the technique described
above, you can practicaly eliminateall effectsof back-
lash inyour measurements.

4. Alwaystakesevera readingsand averagethemfor
greater accuracy.

| PASC O

5. Thedipring at the base of the micrometer knob adjusts
thetensoninthedia. Before making ameasurement,
be sure thetension is adjusted to give you the best pos-
siblecontrol over themirror movement.

Calibrating the Micrometer

For even more accurate measurements of the mirror
movement, you can use alaser to calibrate the micrometer.
Todothis, set up theinterferometer in Michelson or
Fabry-Perot mode. Turn the micrometer knob asyou
count off at least 20 fringes. Carefully notethechangein
the micrometer reading, and record thisvalueasd'. The
actua mirror movement, d, isequal to NA/2, where A is
theknown wavel ength of thelight (0.6328 um for a
standard helium-neon laser) and N isthe number of fringes
that were counted. In future measurements, multiply your
micrometer readings by d/d' for amore accurate measure-
ment.

NOTE: Y ou canalso adjust themicrometer calibra-
tionmechanically. Theprocessisnot difficult, but
for most accurate results, the above procedureistill
recommended. Seethe Maintenance section at the
end of themanual for the mechanical calibration
procedure.

Demonstrations

The PASCO interferometer isnot designed for large
demongtrations. However, for small demongtrations, you
can usethe48 mmfocal lengthlens(includedinthe
Interferometer Accessories) to magnify thefringepattern
and project it onto awall or screen. Itishelpful to havea
powerful laser for largeprojections.

Using the Diffuser

It's sometimes more convenient to view theinterference
pattern through the diffuser rather than on theviewing
screen. Just placethe diffuser where you would normally
placetheviewing screen, and look through it toward the
interferometer.
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Sources of Experimental Error

Backlash— Although PASCO's carefully designed mirror
movement reducesbackl ash considerably, every mechani-
cal systemissusceptibleto backlash. However, the effects
of backlash can bepracticaly eliminated by using proper
techniquewhen counting fringes (seeitem 3 under Accu-
rate Fringe-Counting, onthepreviouspage).

Mirror Travel— Theamount of mirror movement per
dial turn of the micrometer is constant to within 1.5%.
Most of thiserror occurs at the extreme ends of the
mirror’ stotal possible movement. For very accurate
measurements, see Calibrating the Micrometer, above,
and remember that the mirrorsareflat towithin 1/4
wavelength across their surface.

Troubleshooting

If you have trouble producing aclear set of interference
fringes, consider thefollowing possi blesourcesof diffi-

culty:

1. Warmupyour Laser— Many lasersvary inintensity
and/or polarization asthey warm up. To eliminate any
possiblefringeor intensity variations, allow thelaser to
warm up prior to setting up an experiment. (The
PASCO laser should warm upin about 1 hour.)

2. Check your Mirrors— The beam-splitter and
movable mirror are carefully mounted in their brackets
to remain perpendicular to the interferometer base
when set up. If the brackets are bent dightly out of
alignment, theresulting fringe patternswill bedistorted
somewhat. If they aresignificantly out of alignment, it
may beimpossibleto obtain fringes.

3. Background Fringes— Reflections from the front
and back surfaces of the mirrors and beam-splitter of-
ten cause minor interference patterns in the back-
ground of the main fringe pattern. These background
patterns normally do not move whenthe mirror is
moved, and have no impact on measurements made
using the main interference pattern.

4. Convection Currents— If the fringe pattern ap-
pears to wave or vibrate, check for air currents. Even
adight breeze can effect the fringes.

5. Vibration— Under norma conditions, the
interferometer base and mirror mounts are stable
enough to provide avibration free setup. However, if
theexperiment tableisvibrating sufficiently, it will
effect theinterference pattern.

10

IMPORTANT: If themovablemirror doesn't
move when you turn the micrometer dial, see
Micrometer Soacer Replacementinthe
Maintenance section at the end of thismanual.

Component Specifications

Interferometer Mirrors—3.175cmindiameter;
0.635 + 0.012 cm thick; flat to 1/4 wavelength on both
sides; coated on one side for 80% reflectance and 20%
transmission.

Beam-Splitter— 3.175 cmin diameter; 0.635 + 0.012 cm
thick; flat to 1/4 wavelength on both sides; coated on one
sidefor 50% reflectance and 50% transmission.

Compensator— Identical to the beam-splitter, but
uncoated.

MovableMirror— movementiscontrolled by the
micrometer that isbuilt-into theinterferometer base;
turning thedia clockwise movesthe mirror towardthe
right (looking from themicrometer side); rotating the
micrometer by one division on the rotating shaft moves the
mirror by 1 micron; 25 micronsper micrometer dial
revolution (1% near center of movement); movement
through full distance of trave islinear towithin 1.5%.

IMPORTANT: Avoidtouchingany mirror
surfaces. Minute scratchesand dirt canimpair the
clarity of interferenceimages. Seethe Maintenance
section at theend of thismanual for cleaning
instructions.
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Experiment 1: Introduction to Interferometry

EQUIPMENT NEEDED:
— Basiclnterferometer (OS-9255A)

Lens Componentholder
— Laser (OS-8514 or SE-9449A) 18mm FL /]
— Laser Alignment Bench (0S-9172)
; % % PRECISION

— Interferometer Accessories (OS-9256A): = INTERFEROMETER

ComponentHolder , (2) Cdlibrated Polarizers /BT SRR

Introduction VR

Ingeneral, aninterferometer can beusedin : \ Ry
twoways. If the characteristics of thelight (V) / « 0
sourceareaccurately known (wavel ength, / - Movable
polarization, intensity), changesinthebeam Beam Compensator mirror
path can beintroduced and the effects on the splitter eetondl)

interference pattern can beanalyzed. Experi-
ments 2 and 3 are examples of thisprocedure. On

theother hand, by introducing specific changesin A
the beam path, information can be obtained [l '“I"“\\\“\f\\\\f 8 8
about thelight sourcethat isbeing used. =
Inthisexperiment, you'll usetheinterferometer to II Adi
. LLL justment )
measurethewavelength of your light source. If I Thumbscrews Adl{rl:i’j:;b'e
you haveapair of polarizers, you canaso
investigatethepol arization of your source. T Micrometer
knob
Procedure

Figure 1.1. Michelson Mode Setup
Part|: Waveength

1. Alignthelaser andinterferometer inthe Michelson mode, so aninterference patternisclearly visibleon your
viewing screen. See Setup and Operationfor ingtructions.

2. Adjust themicrometer knob to amedium reading (approximately 50 um). Inthisposition, therel ationship be-
tween the micrometer reading and the mirror movement ismost nearly linear.

3. Turnthemicrometer knob onefull turn counterclockwise. Continue turning counterclockwise until the zero onthe
knobisaligned with theindex mark. Record the micrometer reading.

NOTE: When you reverse the direction in which you turn the micrometer knob, there is a small amount of
give before the mirror begins to move. This is called mechanical backlash, and is present in all mechanical
systems involving reversals in direction of movement. By beginning with a full counterclockwise turn, and
then turning only counterclockwise when counting fringes, you can eliminate errors due to backlash.

4. Adjust the position of theviewing screen so that one of the marks on the millimeter scaleisaigned with one of the
fringesinyour interference pattern. Y ou will find it easier to count the fringesif the reference mark isone or two
fringes out from the center of the pattern.

5. Rotate the micrometer knob slowly counterclockwise. Count the fringes asthey passyour reference mark.
Continue until some predetermined number of fringes have passed your mark (count at least 20 fringes). Asyou
finish your count, the fringes should bein the same position with respect to your reference mark asthey were
when you started to count. Record thefinal reading of the micrometer dial.
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6. Record d_, thedistance that the movable mirror moved toward the beam-splitter according to your
readings of the micrometer knob. Remember, each small division onthemicrometer knob corre-
spondsto onepm (10'6 meters) of mirror movement.

7. Record N, the number of fringetransitionsthat you counted.
8. Repest steps 3 through 7 several times, recording your resultseach time.

9. Goonto part two. If you have time afterward, try setting up the interferometer in Fabry-Perot mode
and repesting steps 3 through 8.

Partll : Polarization (usngtheCalibrated Polarizer, part of OS-9256A I nter ferometer Accessories)

1. Placeapolarizer between thelaser and the beam-splitter. Try severa polarization angles. How does
thiseffect the brightnessand clarity of thefringe pattern?

2. Removethat polarizer and placeapolarizer infront of thefixed or movable mirror. Try several
polarization angles. How doesthiseffect thefringe pattern?

3. Now try two polarizers, onein front of thefixed mirror, and onein front of the movable mirror. First
rotate one polarizer, then the other. Again, notethe effects.
Analysis
Partl

1. Foreachtrid, calculatethewavelength of thelight (A =2d_/N), then averageyour results. If you tried
the Fabry-Perot mode al so, cal cul ate the wavel ength independently for that data. The sameformula

aoplies.
Partll

1. Fromyour observationsin step 1 of the procedure, can you determinethe polarization characteristics
of your light source? Doesit vary with time?

2. Do your observationsfrom step 2 give you any moreinformation about the polarization of your
source?

3. Fromyour observationsin step 3, do cross-polarized beamsinterfere?

Questions

1. Inthecdculation to determinethe value of A based on the micrometer movement, why was dm
multiplied by two?

2. Why movethe mirror through many fringe transitionsinstead of just one? Why take several measure-
mentsand averagetheresults?

3. If youtried the Fabry-Perot mode, wasyour measured A the same? If not, can you speculate about possible
reasonsfor the difference? Do you have more confidencein one val ue as opposed to the other?

4. If thewavelength of your light sourceisaccurately known, compareyour resultswith theknown
vaue. If thereisadifference, to what do you attribute it?

5. When measuring mirror movement using themicrometer dial ontheinterferometer, what factorslimit
the accuracy of your measurement?

6. When measuring mirror movement by counting fringesusing alight source of knownwavel ength,
what factors might limit the accuracy of your measurement?

7. What roledoespolarization play in producing aninterference pattern?
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Experiment 2: The Index of Refraction of Air

EQUIPMENT NEEDED:

— Basiclnterferometer (OS-9255A) 24

— Laser (OS-8514 or SE-9449A)

— Laser Alignment Bench (0S-9172)

— Interferometer Accessories (OS-9256A):
Rotationa pointer, Vacuumcell, Vacuumpump

Introduction

Index of Refraction (n)
H

IntheMiche soninterferometer, the characteristicsof the 0
fringe pattern depend on the phaserel ationships between 0 Gas Pressure (cm Hg)
thetwo interfering beams. There are two waysto change
the phaserelationships. Oneway isto changethe distance
traveled by one or both beams (by moving themovable
mirror, for example). Another way isto changethe
medium through which one or both of the beams pass.

Figure 2.1. Index of Refraction versus Gas
Pressure

Either method will influencetheinterferencepattern. In i OO
thisexperiment you will usethe second method to
measuretheindex of refraction for air. Vacuum Cell

=

\)
(\_

For light of aspecific frequency, thewavelength A varies
accordingtotheformula

A= }»oln;

where), isthewavelength of thelight in avacuum, and
nistheindex of refraction for the material inwhichthe
light ispropagating. For reasonably low pressures, the
index of refractionfor agasvarieslinearly withthegas I |HH\\\\\\C\)\\\\\:\\\§\:@
pressure. Of coursefor avacuum, wherethe pressureis - ——
zero, theindex of refractionisexactly 1. A graph of
index of refraction versuspressurefor agasisshownin
Figure2.1. By experimentally determining thed ope, the
index of refraction of air can be determined at various
pressures.

Air Outlet

Figure 2.2. Equipment Setup
Procedure

1. Alignthelaser andinterferometer in the Michel son mode. See Setup and Operation.

2. Placetherotationa pointer between the movable mirror and the beam-splitter (see Figure 2.2).
Attach the vacuum cell to its magnetic backing and push the air hose of the vacuum pump over the
air outlet hole of the cell. Adjust the alignment of thefixed mirror as needed so the center of the
interferencepatternisclearly visible on theviewing screen. (Thefringepatternwill besomewhat
digorted by irregularitiesintheglassend-platesof thevacuum cdl. Thisisnot aproblem.)

3. For accurate measurements, the end-plates of the vacuum cell must be perpendicular to the laser
beam. Rotatethe cell and observethefringes. Based on your observations, how can you be sure
that thevacuum cell isproperly aligned?

| PASC O 13



Precision Interferometer

4.

Besurethat theair in the vacuum cell isat atmospheric pressure. 1 you are using the OS-8502 Hand-
HeldV acuum Pump, thisisaccomplished by flipping the vacuum rel easetoggle switch.

. Record P, theinitial reading on the vacuum pump gauge. Slowly pump out thearr inthevacuum cell. As

you do this, count N, the number of fringe transitions that occur. When you're done, record N and also
P,, thefinal reading on the vacuum gauge. (Some people prefer to begin with the vacuum cell evacuated,
then count fringes asthey let the air dowly in. Use whichever method iseasier for you.)

NOTE: Most vacuum gauges measure pressure with respect to atmospheric pressure (i.e., 34 cm Hg
means that the pressure is 34 cm Hg below atmospheric pressure, which is ~ 76 cm Hg). The actual
pressure inside the cell is:

P, =P

absolute atmospheric - Pgauge

Analyzing Your Data

1
2.

Asthe laser beam passes back and forth between the beam-splitter and the movable mirror, it passes
twicethroughthevacuum cell. Outsidethecell the optical path lengths of thetwo interferometer beams
do not changethroughout the experiment. Insidethecell, however, thewavel ength of thelight getslonger
asthe pressureis reduced.

Supposethat originally thecell length, d, was 10 wavel engthslong (of course, it'smuch longer). Asyou
pump out the cell, thewavel ength increasesuntil, at some point, the cell isonly 9-1/2 wavel engthslong.
Sincethelaser beam passestwicethroughthecell, thelight now goesthrough onelessoscillationwithin
thecell. Thishasthe same effect on the interference pattern aswhen the movable mirror ismoved
toward the beam-splitter by 1/2 wavelength. A singlefringetransitionwill haveoccurred.

Originally thereareN. = 2d/A. wavelengths of light within the cell (counting both passes of thelaser
beam). Atthefina pressurethereareN, = 2d/A, wavelengthswithin the cell. The difference between
thesevalues, N —N._, isjust N, the number of fringes you counted as you evacuated the cell. Therefore:
N = 2d/A, - 2d/A..

However, A =A /n andA, =A /n; wheren and n_aretheinitia and final valuesfor theindex of
refraction of thearlnsdethecell Therefore N = 2d(n —n)/A; sothatn —n = NA /2d. The slope of
thenvspressuregraphistherefore:
nj-ng¢ _ NAg
—P; ~ 2d(P; - Py)

where P =theinitia air pressure; P =thefinal air pressure; n, = theindex of refraction of air at pressure
P; n = theindex of refraction of air a pressure P, ; N = the number of fringe transitions counted during
evacuation; A, = the wavelength of the laser light in vacuum (see your instructor);

d =thelength of the vacuum cell (2.54 cm).

Calculate the dope of the n vspressure graph for air.
On a separate piece of paper, draw the n vs pressure graph.

Questions

14

1
2.

From your graph, whatisn_ , theindex of refraction for air at apressure of 1 atmosphere (76 cm Hg).

Inthisexperiment, alinear relationship between pressureand index of refraction was assumed. How
might you test that assumption?

Theindex of refraction for agas depends on temperature aswell as pressure. Describe an experiment
that would determine the temperature dependence of theindex of refractionfor air.

| PASC O
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Experiment 3: The Index of Refraction of Glass

EQUIPMENT NEEDED:
— BasiclInterferometer (OS-9255A)
— Laser (OS-8514 or SE-9449A)

— Laser Alignment Bench _(039172) T p—
— Interferometer Accessories(0S-9256A): 05 425EA | e INIEREEHCHELER

Rotating Table, GlassPlate Glass plate

Introduction
In Experiment 2, theindex of refraction of air was
measured by dowly varying thedensity of air alonga
fixed length of one beam pathintheMichelson

Interferometer. That method obviously won't work 'Rotational

with asolid substance, such asglass. Therefore, in pointer

order to measuretheindex of refraction of glass, it's

necessary to dowly vary thelength of glassthrough 1 i \\\\\\C\’\\\ﬁ

whichtheinterferometer beam passes. Thisexperi- [BlpREEE

ment introduces atechniquefor making sucha II

measurement. ] Read Angle of

I Inclination on

Procedure Degree Scale

1. Alignthelaser andinterferometerintheMichelson
mode. See Setup and Operation. Figure 3.1. Equipment Setup

2. Placetherotating table between thebeam-splitter
and movablemirror, perpendicular tothe optical path.

NOTE: If the movable mirror is too far forward, the rotating table won't fit. Y ou may need to |loosen the
thumbscrew and slidethemirror farther back.

3. Mount theglassplate on the magnetic backing of therotational pointer.

4. Positionthe pointer sothatits“0” edge ontheVernier scaleislined up with the zero on the degree
scaleontheinterferometer base.

5. Removethelensfrominfront of thelaser. Hold the viewing screen between the glass plate and
themovablemirror. If thereisonebright dot and some secondary dots on the viewing screen,
adjust the angle of the rotating table until thereisone bright dot. Then realign the pointer scale.
The plate should now be perpendicular to the opticd path.

6. Replacetheviewing screen and thelensand make any minor adjustmentsthat are necessary to get
aclear set of fringes ontheviewing screen.

7. Slowly rotate thetable by moving thelever arm. Count the number of fringe transitionsthat occur
asyou rotate the table from O degreesto an angle © (at least 10 degrees).
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Data Analysis

16

Inprinciple, themethod for cal cul ating theindex of refractionisrelatively smple. Thelight passes
through agreater length of glassasthe plateisrotated. The general stepsfor measuring theindex of
refractionin such acaseisasfollows:

. Determinethe changeinthe path length of thelight beam asthe glassplateisrotated. Determine how

much of the change in path length isthrough glass, dg(e), and how muchisthroughair, d_(6).

. Relatethechangein pathlengthto your measured fringetransitionswith thefollowing equation:

2n4d4(6) +2n4dy(6)
Ao
wheren_=theindex of refraction of air (see Experiment 2), n_=theindex of refraction of the glass

plate (asayet unknown), 7‘0 = the wavelength of your light sourcein vacuum, and N = the number of
fringetransitionsthat you counted.

Carryingout thisanalysisfor the glassplateisrather complicated, sowelll leave you with the equation
shown below for cal culating theindex of refraction based on your measurements. Neverthel ess, we
encourageyou to attempt theanalysisfor yourself. It will greatly increase your understanding of the
measurement and also of thecomplicationsinherentintheanalyss.

(2t — NA )(1 — cosb)
2t(1 —cos 0) — NAq

wheret = thethickness of the glassplate.

NOTE: Our thanks to Prof. Emest Henninger, DePauw University, for providing this equation from Light
Principles and Measurements, by Monk, McGraw-Hill, 1937.
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Suggestions for Additional Experiments

Twyman-Green—

Twyman-Green operation givesstudents aquick, qualita:
tivelook a how interferometry can be used to test optical
components. See Twyman-Green Modein the Setup and

Operation section of themanual.

Any digtortion of thecircular fringe patternisdueto
spherical aberration from thetest lens. Turn the lensuntil
it dtsat variousanglestothe optical path and watch the
fringe pattern change. Distortion hereisduepartialy to
astigmatismfromthelens.

Spectral Light Fringes—

Althoughinterferometry iseasiest withalaser light source,
measurements can be made successfully using any mono-
chromatic source of sufficient brightness. However, if a
laser isnot used, itisgenerally not possibleto project the
interferencefringes onto ascreen. Instead, thefringesare
viewed by looking into the beam-splitter (or intothe
movablemirror in Fabry-Perot mode).

If you useaspectra light sourcewith spectral linesat
several different frequencies, it may be necessary to usea
filter that blocksall but one of the spectrd wavel engths.

Michelson Mode:

NOTE:

One difficulty when using a non-laser light source in
Michelson mode is that the coherence length of the
light is far less with a non-laser source. Because of
this, the compensator should be used. It mounts
magnetically on the back of the beam-splitter (the
side opposite the thumbscrew).

It'salsoimportant that the optical paths of thetwo
interfering beams should be nearly equa. To ensure
that thisisthe case, set up theinterferometer witha
laser (if you have one) and adjust the movable
mirror positionuntil thefewest possiblefringes
appear on the screen. (Theoretically, when the beam
pathsareexactly equal, one big maximum should
appear that occupiesthewhole screen. But thisis
usualy not possibleto achievein practice dueto
optica imperfections.) Thenremovetheviewing
screen and replacethelaser with the spectral light
source. If fringesaren't visblewhenlookinginto the
beam-gsplitter, proceed asfollows:

| PASC O

a. Tapetwo thin pieces of wire or thread to the surface of
the diffuser to form cross-hairs.

b. Placethediffuser between thelight source and the
beam-gplitter.

c. Adjust theangleof the beam-splitter so that, when look-
ing into the beam-splitter, you can seetwo images of
thecross-hairs.

d. Adjustthetilt of thefixed mirror until the cross-hairsare
superimposed. Y ou should be ableto see the fringe pat-
tern.

Fabry-Perot mode:

a. Tapetwo thin pieces of wire or thread to the surface of
the diffuser to form cross-hairs.

b. Set up the equipment in Fabry-Perot mode, and place
thediffuser between thelight source and the fixed mir-
ror.

c. Look intothemovable mirror from behind. Adjust the
tilt of thefixed mirror until thecross-hairsare superim-
posed. Y ou should be ableto see thefringe pattern.

WhiteL ight Fringes—

Withcareful dignment, theinterferometer will produce
fringesfrom multi-chromatic or evenwhitelight . The
procedureisthe same asfor any non-laser source, as
described above. However, sinceitisharder to get avisible
interference pattern, it isstrongly recommended that you
first set up theinterferometer using alaser. Then subgtitute
your whitelight source.

Usea Photometer—

Use aphotometer, such asthe PASPORT High Sensitivity
Light Sensor (PS-2176), to scan the fringe patterns. Y ou
can comparetheintensity distributionsinthe Michel son
and Fabry-Perot modes. Or useit to moreaccurately
determine polarization effects. Or just useit asanaidin
counting fringes.

Heat Distributionin Air—

Withtheinterferometer in Michel son mode, strikeamatch
and bring it closeto one of the optical paths. Notethe
distortionsin thefringe pattern. For amore quantitative
approach, you could construct an air tight cell, and hesat the
contentsto observe the effects of heat on theindex of
refractionof air.
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IMPORTANT— The Vacuum Cell is not designed to
be heated.

Index of Refraction for Gases—

Measuretheindicesof refraction for various gases.
Caution: The PASCO Vacuum Chamber isNOT designed
to hold positive pressures. Y ouwill need to provideyour
own gaschamber.

Fabry-Per ot Spectr oscopy—

The Fabry-Perot modeis customarily used asahigh-
resol ution spectrometer. Very closespectral lines, asin
magnetic splitting, can beresolved much moreaccurately
thanwith any but the highest quality diffractiongratings.

Maintenance

Micrometer Calibration

Themicrometer iscalibrated beforeit is shipped. How-
eve, if recdibration becomesnecessary, usethefollowing
procedure:

1. Turntheinterferometer

over, and remove the bot- Loosen
tom cover. screws and

slide the

2. Loosen thetwo screws bearing
. - . surface as

showninFigureAl. Slide required.

thebearing surfacetoward
thepivot to increase mir-
ror movement per turn of
themicrometer dia. Slide
the bearing surface away
from the pivot to decrease
mirror movement per dial
turn. Tighten the screws
and replacethe bottom
cover.

Figure A1.
Calibration

Tesgtingyour cdibrationismost easily performedusinga
laser light source of knownwavelength, asin
Experiment 1.

Micrometer Spacer Replacement

Inorder to provide extremely fine, backlash-free control of
themovablemirror, themechanical linkage between the
micrometer and the movablemirror ismaintained under a
state of spring-loaded compression. Thiscompressonaso
holdspart of thelinkage (aspacer) in place. Under normal use,
the spacer will never fal out of position. However, asudden
jolt can jar the gpacer and the springloose. In this case, the
micrometer will nolonger work, and you'll hear the parts
rollingaroundinside.

18

To replace the spacer:

1. Turntheinterferometer
over, and remove the bot-
tom cover.

2. Position the spacer be-
tween the two bal bear-
ings, asshownin Figure
A2. Release the lever,
and check that the spacer
issnuglyinplace.

3. Replacethebottom
pandl.

Spacer

Lever
arm

Figure A2. Spacer
Replacement

Mirror Care

The mirror and beam-splitter surfaces are precision
ground and coated. Dirt or scratcheswill distort the
fringe pattern, so handle al optical surfaceswith care.
Clean the surfaces occasionally with lenstissue.

Vacuum Cell

Clean the glass windows on the vacuum chamber occa
sionally withlenstissue.

Storage

Rotate the Micrometer Knob fully IN before storing the
Interferometer.

Vacuum Pump Replacement

Thevacuum pump ismodel OS-8502. For moreinforma-
tion see the PASCO web site at www.pasco.com.
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Teacher's Guide

Experiment 1: Introduction to Interferometry

Part | — General

Dm wavdength
Michdson 160x10°  640.0x10°
160x10°  640.0x10°
160x10°  640.0x10°
Fabry-Perot 1.60x10°  640.0x 107
150x10°  600.0x 10°
155x10°  620.0x10°
average 630.0x10°+16.7x 10
actud: 632.8x10°
%diff.  0.44%

Part Il - General

1.

The pattern became somewhat dimmer, dueto
absorbtion by the polarizer; but other than that, there
wasno variation whenwe polarized thelight coming
intotheinterferometer.

Addingapolarizer infront of themovablemirror had
little effect. The contrast of theinterference pattern
reduced, and the pattern rotated when the polarizer was
rotated.

Therewas no pattern unlessthetwo polarizerswerein
thesameorientation.

| PASC O

Reference to — Analysis (Part Il)

1.

3.

The laser we used was unpolarized, and does not seem
tochangepolarizationwithtime.

. No, there was no change. Thiswould support our

hypothesisthat the laser used was unpolarized.

Cross-polarized beamsdo not interfere.

Answers to — Questions

1.

The changein path length istwice the movement of the
mirror.

M easuring only many fringes, many times, decreases
the chance of random error affecting our results.

They were roughly the same. The Fabry-Perot
measurement couldingtill more confidence, becausethe
fringesare sharper and easier to count.

The differenceisprobably dueto our uncertainty in
measurement.

Limiting factorsareplay inthe system and uncertainty
inour micrometer position.

L osing count of fringes, and inexact positioning of the
fringesrelativeto our referencemark.

In order tointerfere, the two light beams must havethe
samepolarization.
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Experiment 2: The Index of Refraction of Air

Reference to — Procedure Answers to — Questions

1. Thechamber will beproperly aigned when thereflec- 1. Extrapolating from our dopeand theknownindex of
tionsoff thefront and back end-platesare aigned with refraction of vacuum,
each other and with the main interference pattern. (This _

: : n. =1.000263.
alignment may actually causeasecondary interference am
pattern, but it will be very faint and will not affect your 2. Measuretheindex of refraction at variouspressures,
measurements.) and seeif itincreaseslinearly. (It does)

2. It seemseasiest to gpply the vacuum first, then count 3. Answerswill vary; but they should include someway
the fringes asthe vacuum was rel eased. of heating theair on onearm of theinterferometer
Theaverage dope, starting at aguage reading of 60, &?&g:ﬁgﬁ? theair ontheother arm or theinter-
was3.462x10°. '

1.0003 ; —
1.0002 § =
1.0001 A =

[ | 1

0.9999

0.9998 4

0.9997

0.9996 -

0.9995 ]
0O 10 20 30 40 50 60 70 80 90
Pressure (cm hg)
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Experiment 3: The Index of Refraction of Glass

Reference to — Procedure

1. Theglassplatemust beabsolutely perpendicular tothe
laser for accurate measurement of theindex of refrac-
tion. When the plateisperpendicular, therewill bea
faint secondary fringe pattern (Fabry-Perot interference
between the front and back surfaces of the plate) vis-
ibleinthe center of theview screen.

2. Itisimportant to measure aslargean angleaspossible,
and measuretheangleascarefully aspossible.

Reference to — Analysis

1. Theactual equation, whichisderivedin Opticsof the
Electromagnetic Soectrum, by C.L. Andrews
(Prentice-Hall, 1960)is

N2\,2

_(2t—Nk0)(1—cose)+( It )

9" 2t(1 —cosh) — N,

n

Thesecondtermisnegligiblefor visblewavelengths,
and may beignored.
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Notes — General

Itisoften difficult to count large numbersof fringesdueto
eyedtrain. If you find thisto be the case, you may want to
makeacircuit such asthis:

"

56k§

—W——W

1k 1k

1k
10k
N SZ’z,(L)
20k

The phototransistor should be mounted in aplate of sheet
steel, which can then be held in the magnetic viewscreen
holder. Mask thetransistor with apiece of electrica tape
with apinhole at the center. Adjust the sensitivity of the
circuit with the 20k potentiometer so that the flashes of the
LED can be counted instead of the actual fringes.

Thiscircuit may aso be used in conjunction with the
PASCO Series 6500 computer interface so that thefringes
can be counted by computer, if desired.
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Technical Support

Feedback

If you have any comments about the product or manual,
pleaselet usknow. If you have any suggestionson
aternate experimentsor find aproblemin themanual,
pleasetell us. PASCO appreciatesany customer
feedback. Y our input helps us eval uate and improve our
product.

To Reach PASCO

For technical support, call usat 1-800-772-8700 x1004
(USA)or+1916 462 8384 (outside USA).

E-mdl: support@pasco.com

Chat:  www.pasco.com
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Contacting Technical Support

Beforeyou call the PASCO Technical Support staff, it
would behelpful to preparethefollowinginformation:

If your problem is with the PASCO apparatus, note:

e Title and model number (usually listed on the
label);
Approximate age of apparatus;
A detailed description of the problem/sequence
of events (in case you can’t call PASCO right
away, you won’t lose valuable data);

e [fpossible, have the apparatus within reach
when calling to facilitate description of
individual parts.

If your problem relates to the instruction manual,
note:
e Part number and revision (listed by month and
year on the front cover);
e Have the manual at hand to discuss your
questions.
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