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We show how the transfer function from frequency noise to Pound-Drever

Hall signal for a Fabry-Perot cavity can be used to measure accurately cavity 

length, cavity linewidth, mirror curvatures, misalignments, laser beam shape 

mismatching with resonant beam shape, cavity impedance with respect to 

vacuum. © 2005 Optical Society of America 

1. Introduction 

A Fabry-Perot cavity is commonly made resonant with a monochromatic continuous wave 

laser via a Pound-Drever-Hall signaP-4 the laser is phase modulated with a radio-frequency 

sinewave, and the photodiode current from the reflected light is demodulated with the same 

sinewave. When applied to a Fabry-Perot cavity with a length in the kilometer scale, as it is 

the case in interferometric gravitational wave detectors,5-8 it is particularly easy to scan the 

transfer function between an additional frequency noise and the demodulated current over 

one or more free spectral ranges. Some details of this transfer function have already shown to 

be useful to measure very accurately the cavity length. 9,10 Here we give analytical formulae 

of the details of the transfer function in order to extract accurate cavity parameters without 

the need of a software optical model. 

Throughout this paper, a monochromatic light beam offrequency v is described as a plane 

wave by a scalar function 1/Jrnc describing the electrical field 1/Jrnc = 1/Jo exp(i27fv(t - zlc)), 
where c is the speed of light and Po = l1/Jo 12 is the light power. The properties of a mirror are 

described by scalar parameters: power transmission T, power reflection R, and losses L such 

that R + L + T = 1. Fied reflection and transmission are denoted with r, t; the convention 

is to have +r for a right side reflection, -r for a left side reflection. Input mirror parameters 

are denoted with subscript 1, and far end mirror parameters with subscript 2. LRT = L1 +L2 
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As shown in equation 18, the transfer functions at the modulation frequency, aliased by 

the free spectral range, gives information about cavity free spectral range, cavity pole, and 

cavity impedance matching with vacuum. 

The transfer function details at the frequencies of the TEM01 and TEM02 modes give the 

amount of light coupled in TEMOl mode (misalignment) and TEM02 mode (beam shape 

mismatching). The mirror effective curvature and cavity pole are also measured. 

An other paper shows that this is effective in measuring accurately cavity parameters, and 

extrapolate the round trip losses in the ppm range. ll 
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