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1 Principle of Calibration

1. Calibrationis routinelydonewhile theinterferometeis operatingoy applyinga sinusoidadisplace-
mentAl4 to oneof thetestmassewia the force actuatorghatalsocontroltheinterferometercavity
length. Thesizeof the calibrationis adjustedo bemuchlargerthantheinterferometenoiselevel but
notsolarge asto inducenon-linearities—typicallyl0~16 m rms. At a givenfrequeng, the motionis
proportionalto the calibrationvoltageVqei appliedto the actuator(seeFigurela). At frequencie®of
interest(aborve the 1 Hz pendulunresonancethe masss approximatelyfree. Theforceonthemass

is proportionalto Vejj; hence
Vcoil

e

where f = w/2mis the calibrationfrequeng andthe calibrationconstanf3 dependn the massof
thetestmassthe strengthof theactuatormagnetsetc. (3 is not expectedo changeduringthenormal
courseof operationandis measureanly infrequently

AIcal =

2. Theinterferometerespondgo the inducedcalibrationwith a “readoutchain” (Figure 1b) signal of
magnitudeVveq), proportionakto thedrive:

Veal = o ( )Veoil-

(Thereadouthainsignalis alsoproportionalto the differential-moddeedbackoltage.) Thepropor

tionality constanti( f) depend®n the frequeng of the calibrationsinusoidi;it is sensitve to system
gains,andis measuredrequentlyduring datarunsor tests. a(f) is the “sweptsine” frequeng re-

sponse.

3. In normaloperationthe calibrationdrive Vo is removed, andthe readoutchainoutputis Vsig. This
voltageis cornvertedto thedisplacemensignalby
Vsig
AX = Alcalvcal
_ Voo Vei
o? Vcal
= PBVaig/[a( f)u]
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Figurel: (a) Excitationof testmasspositionby sinusoidalcurrentthroughcalibrationcoil actingon test
massmagnet. (b) Interferometeoutputsignal, Ve in responseo calibrationof endtestmass Vsig under
normaloperation.

2 Measurementof 3

2.1 “Full Fringe” drive

The standardmethodfor measuring is to apply a large enoughsinusoidalVil fringe to drive the mass
throughadjacentfringes; or successie resonantengthsseparatetby A /2, whereA = 5145nm.

Typically to achieve this muchmotion the frequeny of the drive, fiinge = Wringe/ (217), mustbe low
(=~ 10 Hz), andthe usualcalibrationaddition circuitry must be bypassed. This requirescalculatingor
separatelyneasuringhe attenuatiorfactorhg)p, of the calibrationadditioncircuitry. (SeeFigure3.)

Defining

. ff%inge
Vcoil,fringe
we have
5 A
B=(2m) K5 heaiio-

Numericalvalues:

Case 1/u hcalib B k(1kHz spar)
(HZ2IV) dB/lin | (m-HZ/V) | (VV/Hz/[m-HZ])
Aug 96 correctmsrmnt| (2.5-102V/Hz?)~1 | -17.6/0.13| 5.36-10° 25502
Incorrectmsrmnt -9.4/0.34 9930
Previously assumed 9570

Therightmostcolumn,k, is the multiplier for the sweptsinemeasuremerthatis enterednto the spectrum
analyzemanuallywhenthe“raw” spectrunis divided by the sweptsine,for the caseof a 1kHz frequeng
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Figure 2: Sketch of oscilloscopeoutputastest massposition (uppertrance)is driven through“fringes”
obsenedat the mixer output(lower trace).

span(1.87Hz bandwidth).It is computedoy

Vv187Hz
B

Thefirst row representthemostaccurateestimateof 3 or k with the electronicsnstalledfor recombination;
the secondandthird rows row areestimatedasedon aninvalid measuremermethodfor  thatincorrectly
assumethata 50 ohmterminatorsupplieda pathto groundfor the calibrationcurrent. Thatterminatorwas

remozedwhenthe electronicavasmodifiedfrom the nonrecombinedb the recombinedtonfiguratiof The

correctionfactorthatshouldbe appliedto all spectrasincethe startof recombinatioris

k(1kHz spar) =

w = 9570/25502= 0.38= —8.5dB.

2.2 “Sideband Fringe”

Figure2 shavs the modulationsidebandwisible at the demodulatoobutput. Sincethe free spectrarangeis
smallerthanthe modulationfrequeng, the sidebandsrenot associateavith the carrierfrequeng thatthey
areclosesto; the nearnessf the sidebands$o the carrieris coincidental:

Freespectrarange Modulation | Axcarrier(M) | AXsigebane-carrier(m)
fisr = ¢/21 = 3. 1B m/sec/2/38.5n | frequeng, fn, A2 (A/2)(fm= ftsr)/ fm
3.90 MHz \ 12.33 MHz \ 247 nm \ 41nm

1| astspectrunbeforerecombinatiorb Dec94. First spectrumwith recombinatiorl9 May 96.
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EQUIVALENT CIRCUIT
A

R
Rg Rt g Rt
§ Rcoil § Reoil
L L Rcoil = resistance of cable + coil + balance box, — =

measured at vertex

B
B ) Rt = 50 - ohm terminator (lately not present) p
VYV Rg = Rc+Rd = Impedance to ground of coil
Rs driver VB-VA = VB/(1+R3/Rcoil) RO
RO RO = 1 ohm nominally

Rs = impedance of source (50 ohms) R3=Rt|IRg

Figure3: Addition/attenuatiortircuitry usedto allow onemassto sharethe signalsfor lengthcontroland
calibration.



2.3 “Exter nal Michelson”

Theconstanf3 canalsobe measuredisingthe wavelengthof anexternal(suchasalow-pover HeNelaser)
asastandardandsettingup anexternalMichelsoninterferometeto measurehe motionof thetestmassn
responseo Veoj.



