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1 Principle of Calibration

1. Calibrationis routinelydonewhile theinterferometeris operatingby applyinga sinusoidaldisplace-
ment∆lcal to oneof thetestmassesvia theforceactuatorsthatalsocontrol theinterferometercavity
length.Thesizeof thecalibrationis adjustedto bemuchlargerthantheinterferometernoiselevel but
not solargeasto inducenon-linearities—typically10

� 16 m rms. At a givenfrequency, themotionis
proportionalto thecalibrationvoltageVcoil appliedto theactuator(seeFigure1a). At frequenciesof
interest(above the1Hz pendulumresonance),themassis approximatelyfree.Theforceon themass
is proportionalto Vcoil; hence

∆lcal
� β

Vcoil

ω2

where f � ω
�
2π is thecalibrationfrequency andthecalibrationconstantβ dependson themassof

thetestmass,thestrengthof theactuatormagnets,etc.β is notexpectedto changeduringthenormal
courseof operation,andis measuredonly infrequently.

2. The interferometerrespondsto the inducedcalibrationwith a “readoutchain” (Figure1b) signalof
magnitudeVcal, proportionalto thedrive:

Vcal
� α � f � Vcoil �

(Thereadoutchainsignalis alsoproportionalto thedifferential-modefeedbackvoltage.)Thepropor-
tionality constantα � f � dependson thefrequency of thecalibrationsinusoid;it is sensitive to system
gains,andis measuredfrequentlyduring datarunsor tests. α � f � is the “swept sine” frequency re-
sponse.

3. In normaloperation,thecalibrationdriveVcoil is removed,andthereadoutchainoutputis Vsig � This
voltageis convertedto thedisplacementsignalby

∆x � ∆lcal
Vsig

Vcal

� β
Vcoil

ω2

Vsig

Vcal� βVsig
���

α � f � ω2�
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Figure1: (a) Excitationof testmasspositionby sinusoidalcurrentthroughcalibrationcoil actingon test
massmagnet.(b) Interferometeroutputsignal,Vcal in responseto calibrationof endtestmass,Vsig under
normaloperation.

2 Measurementof β

2.1 “Full Fringe” dri ve

The standardmethodfor measuringβ is to apply a large enoughsinusoidalVcoil � fringe to drive the mass
throughadjacent“fringes,” or successiveresonantlengthsseparatedby λ

�
2, whereλ � 514� 5nm.

Typically to achieve this muchmotion the frequency of the drive, ffringe
� ωfringe

� � 2π � , mustbe low
( � 10 Hz), and the usualcalibrationaddition circuitry must be bypassed.This requirescalculatingor
separatelymeasuringtheattenuationfactorhcalib of thecalibrationadditioncircuitry. (SeeFigure3.)

Defining

µ � f 2
fringe

Vcoil � fringe

wehave

β � � 2π � 2µ
λ
2

hcalib �
Numericalvalues:

Case 1
�
µ hcalib β k � 1kHz span�

(Hz2/V) dB / lin (m-Hz2/V) (V � Hz/[m-Hz2])
Aug 96correctmsrmnt � 2 � 5 � 10

� 2V
�
Hz2 � � 1 -17.6/ 0.13 5 � 36 � 10

� 5 25502
Incorrectmsrmnt -9.4/ 0.34 9930
Previouslyassumed 9570

Therightmostcolumn,k, is themultiplier for thesweptsinemeasurementthatis enteredinto thespectrum
analyzermanuallywhenthe“raw” spectrumis dividedby thesweptsine,for thecaseof a 1kHz frequency
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Figure2: Sketchof oscilloscopeoutputas testmassposition (uppertrance)is driven through“fringes”
observedat themixeroutput(lower trace).

span(1.87Hz bandwidth).It is computedby

k � 1kHz span� � � 1 � 87Hz
β

Thefirst row representsthemostaccurateestimateof β or k with theelectronicsinstalledfor recombination;
thesecondandthird rows row areestimatesbasedonaninvalid measurementmethodfor β thatincorrectly
assumesthata50ohmterminatorsuppliedapathto groundfor thecalibrationcurrent.Thatterminatorwas
removedwhentheelectronicswasmodifiedfrom thenonrecombinedto therecombinedconfiguration1 The
correctionfactorthatshouldbeappliedto all spectrasincethestartof recombinationis

w � 9570
�
25502� 0 � 38 ��� 8 � 5dB �

2.2 “Sideband Fringe”

Figure2 shows themodulationsidebandsvisibleat thedemodulatoroutput.Sincethefreespectralrangeis
smallerthanthemodulationfrequency, thesidebandsarenotassociatedwith thecarrierfrequency thatthey
areclosestto; thenearnessof thesidebandsto thecarrieris coincidental:

Freespectralrange Modulation ∆xcarrier (m) ∆xsideband� carrier� m�
ffsr

� c
�
2l � 3 � 108 m/sec/2/38.5m frequency, fm λ

�
2 � λ � 2��� fm � ffsr � � fm

3.90 MHz 12.33 MHz 247 nm 41nm

1Lastspectrumbeforerecombination5 Dec94. First spectrumwith recombination19May 96.

3



R0
�

Cal.
�

Drive

Out
�

In

22

22
�

50
�

Rs
�

Isolated BNC
Connector

Rd
�

Rt
�

40 m of cable

Rcoil

Rg

A
 

B

A

R0

B

Rt

Rcoil = resistance of cable + coil + balance box,
            measured at vertex

Rt = 50 - ohm terminator (lately not present)
Rg = Rc+Rd = Impedance to ground of coil
                        driver
R0 = 1 ohm nominally
Rs = impedance of source (50 ohms)

EQUIVALENT CIRCUIT
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VB-VA = VB/(1+R3/Rcoil)
R3 = Rt || Rg

Figure3: Addition/attenuationcircuitry usedto allow onemassto sharethesignalsfor lengthcontroland
calibration.
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2.3 “Exter nal Michelson”

Theconstantβ canalsobemeasuredusingthewavelengthof anexternal(suchasa low-powerHeNelaser)
asastandard,andsettingupanexternalMichelsoninterferometerto measurethemotionof thetestmassin
responseto Vcoil.
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