Index of refraction of gases

by Martin Schroedterfall 2000

m Goals

To determine

« theindexof refration(n) of air, Ar, andCO, atstandardatmospheri@ressurdy

m |ntroduction

The index of refractionis causedby the dielectric polarizability of atoms.This, however,is of no relevancen this lab.
Sufficeit to saythatfor low densityp therelationbetweem andp is ratherlinear. You will establishthis linearity for three
gasesA Michelsoninterferometeiis usedto measurehe changen optical pathlengthof laserlight (A = 633nm) in a gas
cell. By countingthe numberof fringesN passingby asthe pressureP in the cell is decreasedyne canobtainthe index of
refractionatanyarbitrarypressure.

laser

mirror to vacuum
pump
lens gas cell
] >,
< -
beam X
splitter
\
observer

m Hintsto derive the working equation

niPs]

A d
2x d

Ps +1

oz

Printed by Mathematica for Students



» Usingfamiliar opticsprinciples,relatethe changén the numbeof fringesN to thechangdn opticalpathlength.

m Procedure

Calibratethe dialpressuragaugeby useof the U-tubemanometerBe careful not to let the liquid Hg shoot out.
Setup the Michelsoninterferometemwithout the gascell.

Insertthe gascell andthediverginglens.

Fill thecell with a gasand deviseaway tomake surghatthe cell isindeedfilled with the gashatyouwant.
Makea sketchof theset-upthatyou used.

Safe handling instructions for high pressure gastank / regulator
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To flood the systenwith CO, andAr, youwill needto usethe compressegascylinders.
Havea TAreviewthis processwith you beforeyou usethe equipment.

Purginganyremaininggasesn thegauges:
» Opentheoutletvalve,and turnout (counterclockwise}heregulatorvalve untilit is loose.

Settingoutletpressure:
» Openthe cylinder valve andreadthe cylinder pressuregaugeto know the pressurensidethe cylinder. If it is below 200

psi, pleasénform your TA.

» Slowly turnin (clockwise)the regulatorcontrol while watchingthe outlet pressureandlistening for gasflow. Now close
the outletvalve.

» To flood the systemwith the gas,setthe outlet pressurego about5 psi, andconnecta hoseto the gasoutlet. Evacuatehe
systemwith the handpumpandslowly openthe outlet valve slowly until the pressuregaugeon your interferometeisystem
returnsto O psi (atmospheric).
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Whenyou aredonewith the experiment:
» Closethe cylindervalve, turnout (counterclockwise)the regulatovalve,closethe outletvalve.

m Questions
1. Whatis thepurpose othediverginglens?
2. Why shouldthe pressurbechangedslowly duringdatataking?Think aboutthe idealgaslaw.

3. How canyou obtainn at standardemperaturels ? l.e.: How doesn vary with temperaturePerformthe temperature
correctionto compareyour resultsto thevaluesin the CRC Handbook of Chemistry and Physics.

4. Isthewavelengthof theHe-Nelasergivenin air or in vacuumZEstimatethe resultinguncertaintyin your valuefor n[Pg].

m Additional hints

* Be carefulin deriving the error propagationequation.lt is bestnot to usethe cookbookformula, but to work it out from
scratch.

Printed by Mathematica for Students



