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Kitt PeakCondition Report

� It is dark. Flashlightsarenot alwaysprovided. Recommendsomethingyou cancarry
atall timesin yourpocket

� Temperature:Freezingto 70� F

� Low humiditycommon,highhumidityoccasional

� Cando laundrywhile youarethere(powdereddetergentprovided)

� Food,bedding,towelsprovided

� “Night lunch” signup recommended



Interfer ometric Observations of Comets

Jeff Morgenthaler

Outline

� How doesinterferencework?

– Wavenatureof light
– DeriveBraggre�ection/Fabry-Ṕerot/gratingequation

� Whatis interferometry?Whatis not interferometry?

– Dispersivespectroscopy vs. Interferometry

� Why is interferometrybetterfor comets?

– High etendue,highspectroscopicresolvingpower

� Interferometricinstruments

– Fabry-Ṕerot
– Michelson
– SpatialHeterodyneSpectrometer

� How weuseinterferometersto studycomets

– Fabry-Ṕerotspectra
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Fig. 1.— Derivation of thebasicinterferenceequationfor Braggre�ection (�gure: Mor-
genthaler1998). The “scatteringsurfaces”could alsobe the mirroredplatesin a Fabry-
Pérot. The derivation is similar for a transmissiongrating orientedvertically along the
heavy dashedline. Assuming� is theoutputangle,thegeneralequationfor thediffraction
gratingis: sin � + sin � = n�= D.
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What is interfer ometry?

� Whatit is not

– Prism(refraction)

– Gratingspectrometer– re�ectiveor transmissive (diffraction)

– Braggcrystalspectrometer(re�ection)

– General:Translatewavelengthinto anangle

� Interferometers

– Fabry-Ṕerot

– Michelson

– Weirdones(e.g.SpatialHeterodyneSpectrometer)

– General:Usetheprincipleof interferenceto achieveaninterferometricnull or reen-
forcementoverawide rangeof angles
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The Fabry-Pérot

� Two parallelplatesof glass,distanceD apart

� Re�ectivesurfacesfacingeachother

� Considernormalincidentlight

� Somelight bouncesoff �rst surface,somepenetrates

� Light bouncesaroundinside,constructively interferingif n� = D

� Somelight escapessecondsurfacefor detection
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Fig. 2.— Fabry-Ṕerotring patternof hydrogen-deuteriumlamp.
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Fig. 3.— Spectrumof a hydrogen-deuteriumlamp.



– 8 –

Lamp

Slit Lens Grating

TelescopeCalibrated
circle

J %7 : ' * N O* ' P & " 5 6 , 4%& ' = %, 7 8 , 6 ' < 9 ' , ' 7 8 , 4%/ 7 ' $ ? 5 & 48< 6 5 45 8 :

Fig. 4.— Transmissiongratingspectrometer. Figure:S.Dodds,RiceU.
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Fig. 5.— Outputof a gratingspectrograph(Figure: S. Shahet al., J Phys. B, 1973). Top
arelinesof Fe,bottomis thebandstructureof SrI.
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Keydiffer encebetweenFabry-Pérot and grating techniques

� Etendue:Effectiveareasolid-angleproduct:A


� Concentrateon 
 , which is how much� canchangebeforespectrometergetsfooled
into thinking it is lookingatadifferentwavelength

� Fabry-Ṕerot: sin � ; sin � ! 1

� Gratings:sin � = sin � ; sin � = sin �

� sin� + sin� = n�

� For a grating,a smallchangeof input � shows up immediatelyasanapparentchange
in wavelength�

– This is why high-resolutiongratingspectrographsneednarrow slits

� For aFabry-Ṕerot,� canchangemorebefore� appearsto change

Fabry-Ṕerotspectroscopy (really any interferometrictechnique)is betterfor extendedob-
jects
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ResolvingPower

� Resolvingpower: R = �= � �

� For one� , Dopplershift R = c=� v

� Prism: Michelson's 1907NobelPrizelecturecreditsLord Rayleighwith a prismwith
R = 40,000.R < 4,000typical

� Gratings:

– R = nL=D , whereL is thelengthof thegrating
– TypicalR � 3,000– 30,000(� v � 100kms� 1– 10 kms� 1)
– Monster, �nely grooved,highordergratingscangetR > 100,000

� Fabry-Ṕerot:

– R = 2NRD=� , whereNR is relatedto the re�ectivity of the glassplates(typical
value= 20)

– A monsterFabry-Ṕerotis 6 inchesin diameter
– Cometstudies:R = 30,000– 100,000(� v � 10kms� 1– 3 kms� 1)
– GonzaloHernandezmesosphericwindsR = 106
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Michelson Interfer ometer: Fourier transform device

� Like anopened-upFabry-Ṕerot

� Input light is split by a half-sliveredmirror

� Resultingbeamsdirectedtowardstwo mirrorswhich re�ect the light backtoward the
beamsplitter

� Light recombines

� If pathis preciselythesame,thereis amaximumin output

� Onemirror is movedandtheoutputmonitored

� As the path differencemoves through integer multiples of a particular wavelength
presentin thesource,interferencewill occur

� Thatinterferencefringewill repeatevery time themirror movesby onewavelength

� Fouriertransformof fringesignalvs. pathdifferenceplot givessourcespectrum

� Resolvingpower dependson how far the mirror moves. S/N is built up by multiple
passes
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Fig. 6.— Michelson interferometer. (Figure credit Leonardo Motta,
http://scienceworld.wolfram.com)
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Spatial HeterodyneSpectrometer (SHS)

� Michelsononsteroidsandludes

� Mirrors arereplacedby gratings

– Wavefrontanglesdependonwavelength:light is sprayingeverywhere

– Onewavelength(“the tune”)will follow theMichelsonpatharoundbotharms

– Slightly differentwavelengthwill beangledandcrossin an`X' pattern

– Constructive interferenceof crossingwavefrontsmakesfringes

� No moving parts

� High etendue,like Fabry-Ṕerot
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Fig. 7.— SpatialHeterodyneSpectrometer(Harlanderetal. 2003).
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Fig. 8.— SHSfringepattern.PhotocreditYunlongLin andtheSHOW project.
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RealFabry-Pérot data and science

� Spectralmode(rings)

– Gettotal �ux comingfrom source(e.g.comet,atmosphere)

� Imagemode

– Narrow-band�lter imaging

– Only way to isolatesomeemissionlines(e.g.,[O I] 6300 	A)

� Datacubes(seeWalt'smoviesof H2O+ )

– Find projectedvelocitydistribution
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Fig. 9.— Fabry-Ṕerotobservationsof HydrogenBalmer-� in cometHale-Bopp(Morgen-
thaleretal. 2002).



– 19–

Fig. 10.—Fabry-Ṕerotobservationsof HydrogenBalmer-� in cometHale-Bopp,converted
to spectrum(Morgenthaleret al. 2002).
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Fig. 11.— Fabry-Ṕerotobservationsof [O I] 6300 	A in cometHale-Bopp,showing band-
passesusedfor image-modeobservations(Morgenthaleretal. 2001).



– 21–

Fig. 12.—Fabry-Ṕerotimage-modeobservationsof [O I] 6300 	A andnearbycontinuumin
cometHale-Bopp(Morgenthaleretal. 2001).
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Fig. 13.—Narrow-bandimagein theOH molecularbandat3080 	A (Harrisetal. 2002).
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Fig. 14.—Radialpro�les of narrow-bandimagesof cometHale-Bopp(Morgenthaleretal.
2001).
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Fig. 15.—Hale-BoppH2O+ velocitymap.
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