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Matrix methods for analysing optical
resonators (Part 3)
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Matrix formulation of unstable resonators
The matrix formulation in Sec,2 can be generalized to analysing unsta-
ble resonators only replacing the g parameter by the curvature radius of
spherical eigenwave as the resonator characteristic parameter, The self-con-
sistency condition demands
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where £, is the curvature radius of eigenwave on the mirror M, (Fig.1)
and 4, B, C, D are round-trip matrix elements,

Similar way as in Sec.2 leads to the curvature radit r,, r, of eigenwave
ou the mirrors M,, M,, i.e. the positions of conjugate imaging points re-

ferred to the mirrors M,, M,, respectively, as follows
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or

ra = ZdG Gz—d Gl Gz

where the symbol meaning is the same as in Sec. 2.

The magnification per round trip M is
M= A+D \/ (A+D

226162—11'2\/61(;2(0162_1) (74)
and the diffraction coupling I'=1-1/M? (75)

The wunstable condition is expressed in terms of the ABCD matrix

or G parameters as
(A+D)/2>1, i.e. GG, >1 (for positive branch)
or (76)
A+D) /2 -1, 1,6.G,G,<0 (for negative branch)
Eqs, (72) ~ (7¢) and the ABCD law give a complete matrix for-
mulation for unstable resonators, The positive sign before the radical in
(72) ~ (75) is selected for positive branch, and the negative sign for

negative branch,

Confocal multielement unstable resonator (CMUR)

In unstable-resonator designy~6ne is often interested in the confocal
type to obtain a near-diffraction limited output beam, therecfore a confo-
cal crossed-prism resonator is taken as an illustrated example, where the
collimated beam is coupled from the polarizing plate inside the resonator,
whose equivalent configuration is shown in Fig, 6a, The resonator matrix

per round trip referred to the lens f,; is

M, {; M, M, { f faM,
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Fig.6a An equivalent resonator Fig.6b An equivalent resonator
of the confocal crossed of the confocal crossed
prism resonator prism resonator with a

thermal lens
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Substituting (77) into the generalized confocal condition’*)

AD=1 (78)
we get
= —1¥( flL + flz )
2 fomfi o=t (79)
and
o=L-f,-f, (80)
The equations which determine positions of conjugate points are
ri=fi~loyy rn=ly~f. (81)

The magniflication M, diffraction coupling I, and unstable condition
are formally the same as (74) (75) and (76) , where the G parameters
are expressed by
(l —fz)a zz (10“'f1)a”'f12
= Gy= ————F5——— 82

fifa : fifa
Under high-power pumping the thermal lensing has to be considered, and
the equivalent resonator now is one in Fig, 6b,where f is the focal length
of thermal lens, thus the design equation of CMUR is expressed in terms
of resonator parameters as

frlo—fOl2U o= f2)d: = f2* )

M, fa £, fs M, =8, ( Uo=f2)8:—F22302U 0 - f )8,
~fi*) (83)
/ ] T LT T / where S:=1,-f-f,
l/ | l \ S:=l,=f-f, (84)
\ \{, and the positions of conjugate points
}fil e 412~ ri=fi=l
' ’ o t2=lo~fa~f* /0, (85)

the resonator G parameters read
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Fig.7 A generalized confocal

multielement unstable
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G, = f1=0:8)Us = f) +f1 %0, (86)
fifof
For a more complicated resonator configuration shown in Fig.7, tedi-
ous matrix calculations are substituted, preferably, by iterating Newton
imaging equation(22), the generalized confocal design equation correspon-
ding to (78) is
(0,205 =0,fs2~8,f12) L(8:8a—fs2) 2~ f2204%)

=fa2(8, = f12) ( (8,84 —Fs2)8:—f2284 3 (87)
where Sy =1, —(fy +f)
Ss=1,—(fs +fs) (88)

1 8y =1y —(fs +f4)
U Se=la=(Fotfs)

and fi=R.,/2, fo=R,/2 (89)
The positions of conjugate points read
ri==(fi+38,) 90
f2%04
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The resonator G parameters are written

Gl :a—b/zfl
G.=d=b/2f ¢o1)
where a=c(3, +fz)+—;%3:—‘
3
bs@ts, + £1) +Jis£_(521;4272;5_4.:i5,,3 (o2)
c= £ —QL‘L‘
fsfsfs

fsél
= +fy+oE0
d C(al fl) fAfs
The expressions (87) ~ (92) are suitable for computerized resonator
design,

Conclusion

We have shown that matrix methods are very useful to describe beam
transformation in optical resonators, The interesting results obtained iﬁ
treating TRTL, CPR and CMUR could find some applications to resonator
engineering,

The axially asymmetric resonator described by a 4x 4 expanded matrix
(®3Jarenot considered in this paper,Moreover,computerized numerical calcu-

lations and experimental verifications of the theory are also not compiled
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here, Nevertheless, some results can be found in (8s8514),
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