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Telescopic resonator with a thermal lens (TRTL)

A typical TRTL is formed by two mirrors with radius of curva-
ture R,, R, and a telescope composed by two lenses of focal length f,,f,
separated by | and an internal thermal lens with variable focal length
f. The other parameters are denoted in Fig,3, To simplify analysis,
it will be useful to replace the lens combination(f, f,, f,) by a thick

lens whose distances of the principal planes #4,, h, and focal length

F are
hl=(lf1‘51’)f/té(l,‘f"f1)—f12]
he=C1 (ot f) =1 (fa*0) Ifa/ M, | R P '

(6 W ~=f=f1) —fi*]
(25 T
szxfzf/[é(l'—f—fl) —f.2) ) _ . .
(26) \ l

where  8=1-f, ~f2 27) R, R,

is the telescope defocusing, 1 ! l | =+ P “

By removing reference planes,

" Fig.3 A telescopic resonator

i,e.lx*ﬁ=11+h19 l,—>1,=1,+h, the with a thermal lens



tiew edquivalent resodator of the TRTL in Fig.?. contains only ote thid
lens of focal length F,this is a well known resonator studied by Weber et
‘al,(®J,therefore the beam parameters are formally the same as (5) (6) (8)
(9) (10)~(13), the stability condition (15) and misalignment sensitivity
(24) are retained unchanged, only the effective resonator length b and G

parameters in the formulae should be replaced by

b=11+12"1112/F (28)
oyl Gy L
Gi=1--p F(1 R;> (29)

which are variable with the thermal focal length f.
The condition for dynamic stability (20) holds true, but

b,=1,
*lz+l"l I/fl
f =—f1fs/8
1=lr-if, /6 (30)
12=lz—le/d
A special case of (20) is
bi=1,=0, G,G,=1/2 (1)

This is a well-known formula used for design of dynamic stable resona-
torsC1®712)

In practical resonator design, it is often taken an interest in search
for an analytical expression of the telescope defocusing 5 which retains the
condition (81) unchanged, Taking into account (27) (29) (31) ,we have

shown that § is a root of the equation(!7’18]

ad*+fF5-p=0 . (32)
i.e, 3= (-B+vB*+4ay) /2a (33)
where
NGO SIS il 10 NN SV PRV L V—f
a—[ fifef +R1<l fz) fi 1>] fif:s
1 1,
* R, (1- -1 )]
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- z<~-f=>;f;;f-">— () .

p= [flz(lz“fz)"‘f):;:;fx'*’f:& _‘_}121_( Fotf, - flz )]

fz R (fx fa~ £ ):l (34)

Under the condition R,—>0, R,—+0, (34) becomes

‘fl)(lz f )(f1+f_l’

L “T ff
l9= I"’fl)[flz(lz‘fz)_fzz(fl+f"1,)]“f11(12"f2)(f1+f"1,)
fi2fatf
fll(lz“fx)‘fzz(fl'_*'f"'ll)"'f ’f/z (85)
fa*f

If we adopt the approximation [/ —-f,20 used by Hanna.!®", Eq,(33)

reduces to

~f 2 . fz o Li(iz_"_f )/Rz _‘_L
d=1s 2f 1(12_)( 1—(11—f1)/R f R, ] (36)

Furthermore, if R,~»x, Ry~ », then

o=t b=y =4 (a7

(36), (37) are just the same 3s (25), (28) in(!®) derived by Hanna et
al, In comparison with (33), (36), (37), Eq.(33) is an exact formula for

the telescope defocusing which can compensate the thermal lensing of laser

rod under the condition(31),

f p | M., LM,
f S ’ z l T T ll
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Fig,4a A crossed-prism resonator Fig,4b An equivalent resonator

P,, P,—prism LM-—laser medium of Fig,4a
PP—polarizing plate
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¢losked ~-prism resonator(CPﬂ)

LN (AN

A CPR plotted in Fig,4a consists of two prisms P,, P, with curva-
ture radius R,, R,, respectively, separated by a distance L, prism thick-
ness is d, and laser output is coupled-from a polarizing plate, According to
the resonator matrix theory, this configuration can be equivalent to a
plane-plane multielement tresonator shown in Fig.4b,where the focal length
of two internal lenses is f,, f,, res’pectively

fi=Ri/(n—1) : (38)
and lo=d/n, n is refractive index of prism l

The waist radius W,, between the lenses f, and f,, which determines

the beam divergence angle |
Ooo =4/ 7W E (40)
can be derived by using the “hybrid” equivalent résonator characterived

by g’* parameters.®’!®’

W, . t= AL'* (g17%g: " *(1—g,"*g, /%) ] !/?
N LR AL B RLPRE o

and its position L,, referred to M,

_ g /*Ll*/p
Loy= 1o+l —L"* "ﬁ;(’pmz/*a;;n& *) “2)
where .
L,*:lo'*'lz/'—lolz//fl } 43)
gnl*zl—lz,/fl
44
lo+1,7 ] 1,/
g == te Tl de (g el
Ee Py’ fl ¢ P2’ )
P2 =22/ (fa=1) (45)
lz,zL'—fz +fzz/(}cz""la) (46)
The stability condition expressed in terms of g’* parameters as
0<Cg,  %g, " *1 47)
Noting that the inequality
[¢<L, Ryy R, (48)

is always fulfilled in practical laser systems, prism transf{er matrixes in

the xoz and yoz planes (Fig,4a) can be written approximately as

St e T -1+ 70
T_xuz“,i:'<

S~

(49)
2/R:i! —1
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1 0

Tyons = ( Y - (50)
—Z/Ri, 1 ’
where R/ =R,/(n=1)=f, (i=1, 2) (6L
and the augmented matrixes corresponding to (49), (50) are
-1 0 0 0\
T _2/R/ =1 0 0, (52)
xory i = 0 1 0]
) 0 0 0 1-
/ 100 0
=| -2/R,/ 1 0 —2a,, (53)
Tyous '_j 0 0 1 0 o
0 0 0 1 e

where a;; is the rotating angle of the prism P, around the x axis,
From (52), (53) and the definition of D, straightforward matrix cal-

culations deliver

onl y i =
roarr A 4g g, o L
Dyosyit= ’”AL‘( “g':f‘,*) ("l:ggl;*ggzz;)a 7 (1, 1=1,2 i=7) (54)
‘where the g/ parameters are
gi! =1—L /R, . (55)

Eq.(54) means that the misalignment characteristics around the x axis
of a stable prism resonator \ks/similar to those of spherical resonator,which
is more insensitive in comparison with plane-plane one, In addition, under
the condition of small misalignment the prism resonator around the ¥ axis

is insensitive to prism tilting,

Phase-conjugate resonator (PCR)

A PCR depicted in Fig,5a is composed of a real mirror (RM) with
curvature radius R, and a phase—cénjugate mirror (PCM) formed by a
nonlinear optical pheomenon, for example, by degenerate {our-wave
mixing, The ray transfer matrix Mpcy,1 and equivalent transfer matrix
Mpouyx of PCM are(??20) ’

10 S
Mpowr1 ={ ) (56)
0 —1
, 1 0
Mpoysn =( ) (57)
-2/pepew 1
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respectively, where ppcy is the curvature radius of Gaussian beam incident

on PCM, Mpcu,1 +Mpeu,1 are equivalent in calculating beam parameters,

RM
// a b . \T/az 2 o
T R ;
\\ ¢ d \ ¢y d;/l €2 dz/
R, R R,
Fig, 5a A phase-conjugate Fig, 5b A phase-conjugate
resonator resonator with a

thermal lens

Under consideration of the self-consistency condition and the weak-
Gaussian aperture approximation, the beam parameters of PCR, i, e, the
spot sizes Wym, Wpey and curvature radii p y, ppcy on the RM and PCM

are deduced as

Wient = i—%‘! (58)
1
Wt = ﬂ«'ig‘J (59)
prm= —R; (60)
_ 2bG,
Prcu 5dG, =1 (61)

where b, d are the elements of the matrix( g Z >inside PCM, G, is the

resonator G parameter defined by(2),
Introducing G,=d-b/ppcy (62)
we have
G,G,=1,/2 (63)
To discuss dynamic stability of PCR ,laser rod is regarded as a ther-
mal lens with variable focal length f shown in Fig,5b and the matrix

inside the PCR can be rewritten as

( a b ) < a, bz > < 1 0 \ ( a; b1 >
‘¢ d c, d, -1/f 1 g S d,
Inserting (2) , (58) , (64) into the condition (18) derivative
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calculations [ead tol*!)
. by =0 (85)
From (63), (65) we conclude that a PCR is dynamic stable, only on
condition that thermal disturbance is located in the vicinity of PCM,
what differs essentially from conventional dynamic stable resonators,
where the thermal lens should be located in the proximity of the output
mirror to satisfy the condition(63)

The 4x4 augmented matrix of PCM and RM are

=1 0 0 0
TPCM=‘ g _(1) ? 8 “ (66)
0 0 0 1 7
1 0 0 o
TI'M=% -2/0R1 (1) (i _gal (67)
0 0 0 1

where a, is the tilting angle of RM,
Using (58), (59), (66), (67) and the definition, the misalignment
sensitivity of PCR was studied by Wang(!®), the results are

e b 8
D 24 a-b/R, (68)
D,=0 (69)
It means that PCM is dn/jinsensitive element against mirror tilting
and the misalignment sensitivity of PCR is lower than that of conven-

tional resonators except for

\~b/a (70)
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