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The conjugate source position
and‘thermal stability of unstable resonator

Sun Nianchun, Cheng Jie
(Southwest Institute of Technical Physics)
Lii Badda

(Dept. of Opto-Elect. Science and Technology,Sichuan Unjversity)

Abstract; It is shown analytically that the thermal-stable condition for the conjugate source position of unstable
resonators can not be satisfied. .
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Introduction

It has been foand that, in applications of unstable high power resonant cavities , the focus lo-
cation flactuates with temperature variation!'l. Therefore, there is an urgent need to develop an
unstable ca\;ity in which the focus locafion is thermally-insensitive. Through detailed analysis of
unstable cavities, we consider that if the conjugate source position does not shift with the thermal
focal length, i.e. dr/dt=0 (r is the conjugate source position; f is the thermal focal length. ), it
can be achieved that the focus location does not shift. Because the focusing characteristics of
spherical waves are only related to the curvatures of their wave fronts, and the curvature of the
wave front in any position from a point source is equal to the distance from the locaticn to the
point source, we define

dr/dt = 0 )
as an imstable cavity in which the focus location is thermally-insensitive.

For other unstable thermally-insensitive cavities, refer tol?:3],

Thermally-insensitive conditions of the focus location unshifting

As shown in Fig. , radius of curvature of cavity mirror is separately B,, R,.
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The laser matter is equivalent to a thin len
' \ 7 \

which has variable thermal focal length f . The ‘: A B \l ) A B; ‘|
intracavity transformation matrix of both sides ! o )

) i
of the thermal focus is separately showed ‘\ G D, I' \\ C: D,

A, B, A, B, M (R} f M.(R3)
Cl Dz and Cz Dz - The intracavity sin- Fig. Multielement resonator containing the thermal lens

gle pass transformation matrix is:

(a b)= A, B, 11 0) /4, B, >
e ) \e: bs) |—F 1]\es D

The trip matrix in the multielement resonator containing the thermal lens:
S I | PR T R
)= 2 2
< D - — 1 c a — = 1 c d )
"= ) [T & )
According to the self reproduceable condition of the conjugate source position in an unstable

resonator, we have

_Ar+B
T=Cr+D @
Solving (4), we obtain
I _D—4A, 1 [fa+D\
T 2B B ( 2 ) ! ®)
D— 4 1 1 :
Because 2B P "R (6)
D— A
d ’
. 2B | _
i. e. af =0 _ D)

according the thermally-stable condition defined by us, we can obtain

1
ﬂiLiih (AE2) 1o  ®
df daf |_B 2 J A

From (8), we can find the thermally-stable condition of the conjugate source position; but can
find it by using a simpler method. Comparing formula (8) with the analysis of thermal stability
in a stable resonator in the literaturel], we can know that, on the premise defined by formula
(1), the thermally-stable condition in the unstable resonator is totally same as that in the stable
resonator. That is ,the thermally-stable condition of the conjugate source position unshifting is

1 B\ 1(B)?
7= w+2{5)+ (5) ®

Limitation to the thermally-stable condition

Through arrangement of formula (9), we can obtain
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- G, _5
¢ = F T e T k=35> (10)
therefore
2
G, Gy = G (an

Gt + (G, + B)?

Because of G20 (G, + )= 0
under the thermally-stable condition, there is

0<CG,«Gy,< 1 (12
It is obvious that formula (12) is the confined stable condition of the resonant cavity. Therefare,
all resonators meeting the thermally-stable condition given by formula (9) are stable resonators,
and on the premise defined by formula (1), an unstable resonator can’t achieve thermally-stable.
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