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Resonator types

partially transparent
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Parallel mirrors (Fabry-Perot) “‘Ring cavity”
resonator: plane-wave output

Curved mirrors’ resonator:
Gaussian beam output
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Spectrum of a resonator

One mode vmng = three parameters m, n, g

—m, n = transverses modes
— g = longitudinal modes l
qVOOq g —l : ‘
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Avg=c/2L

Gap between two consecutive longitudinal modes

» E.g. spectral separation for L = 10 cm is Av, = ¢/2L = 1.5 GHz
« TEMjgo has the lowest frequency for any given g
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Laser spectrum

Eigenmodes
2L=qg.A

=
vq=9.c/2L

After a few roundtrips, the intensity of every
non-resonant mode goes to zero.
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Potentially oscillating modes

Optical resonators P3330 Exp Optics

FA2016



Unfolded Cavity :

Basic cell = 1 round trip
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ABCD matrix of a curved mirror
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Concave: R <0; convex: R>0

focal length is at R/2
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ABCD law relating spherical wavefront radii
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n Optical
I system
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ABCD law

Optical resonators

P3330 Exp Optics

FA2016



nfasbdas]  Jas] [48afas |
90CD()|CD C D CngCng+l
1 2 m-—1 m m+ 1
m
Ym _ A B Yo
ym+1:Aym+89m
97n+l — Cym . Dem
Eliminate 6 to get:
b A+ D
2 : S G
Ym+2 = Qbym 1 — F Ym with g

F? = AD — BC = det|M]
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Solution

Substitute U;, — y()hm into Ym+2 = Qbym 1 F2?/m
To obtain:
h* — 2bh + F* =0,
h=b+ j\/F2 — b2
Convenient notation
¢ = cos }(b/F)
so that
b= Fcosp, VF?2 —b2 = Fsinop.

and therefore

h = F(cosp £ jsiny) = Fexp(Ljy)
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Stability condition

so, the periodic solutionis ¥, = Ymax sin(mgo + (,90).

This requires (L = COS_1 b to be real, or

b <1 or 3|A+D|<1.

'TrM]| < 2

stability criterion

A+f+2 <1

Can also rewrite itas (0 <
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ol 0(1 d) ! 0(1 d)z =7

-1 1, d
YA

withd =L, f; = R/2, f, = Ry/2, one can show that
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g1 g:

Thus, the stability criterion for an optical resonator is:

0<g, g,<I
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unstable

Hyperbola g1g: = 1
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Graphical trick to determine whether

the resonator is stable or not

Diameter R, r-waist position

.
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Diameter R,
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Links/References

Saleh & Teich, Chapter 1
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