
Fabry-Pérot Cavity Cheatsheet
Marissa Weichman, Princeton University

Cavity Parameters

L cavity length

r1, r2 reflection amplitude coefficients of mirrors 1 and 2

R ≡ r21 = r22 reflection intensity coefficient per mirror, assuming mirrors 1 and 2 are identical

t1, t2 transmission amplitude coefficients of mirrors 1 and 2

T ≡ t21 = t22 transmission intensity coefficient per mirror, assuming mirrors 1 and 2 are identical

ℓ ≡ 1− T −R loss intensity coefficient per mirror bounce

δ = 4πLnν/c phase shift accumulated over one cavity round trip

α(ν) frequency-dependent absorption coefficient of intracavity material

n(ν) frequency-dependent refractive index of intracavity material

Cavity Light Expressions

Amplitude Intensity

Reflected ER
E0

=
r2 (t21+r21) e

−αL e−iδ−r1
1−r1 r2 e−αL e−iδ

IR
I0

=
∣∣ER
E0

∣∣2 = R+R(R+T )2e−2αL−2R(R+T )e−αL cos(4πLnν/c)
1+R2e−2αL−2Re−αL cos(4πLnν/c)

Circulating EC
E0

= t1
1−r1 r2 e−αL e−iδ

IC
I0

=
∣∣EC
E0

∣∣2 = T
1+R2e−2αL−2Re−αL cos(4πLnν/c)

Transmitted ET
E0

= t1 t2 e−αL/2

1−r1 r2 e−αL e−iδ
IT
I0

=
∣∣ET
E0

∣∣2 = T 2e−αL

1+R2e−2αL−2Re−αL cos(4πLnν/c)

Absorbed IA
I0

= 1− IR
I0

− IT
I0

Empty-Cavity Figures of Merit

νm = c
2nL ·m mth cavity fringe resonance position (Hz)

FSR = c
2nL free spectral range (Hz)

F =
π
√
r1r2

1−r1r2
= π

√
R

1−R finesse

∆ν = FSR
F linewidth, fwhm (Hz)

τc = [2π∆ν]−1 cavity photon ringdown lifetime (s)

Q = ν
∆ν = νF

FSR = 2nLFν
c = 2nL

λ F Q-factor (finesse times wavelengths per round trip)

IT (α=0)
I0

= T 2

(1−R)2
= T 2

(T+ℓ)2
cavity transmission fraction on resonance

βF
π effective cavity pathlength enhancement

β = 2, cw cavity-coupling; β = 1, pulsed light


