(xdefine the natrixes ABCD from probe waist to PDx)

(é dll);

abcd2 = ( 1 O);

abcdl

-1/f1 1
1 d2)
abcd3 = (0 1 )
1 0
abed4 = (-1 /f2 1)’

1 d3
abcd5 (0 1 )
ABCD = abcd5. abcd4. abcd3. abcd2. abcdl;
ABCD // Matri xForm
Al = ABCD[[1, 117;
Bl = ABOD[[1, 2]1];
ClL = ABOD[[2, 111;
DL = ABCD[[2, 2]];
(* define the matrixes ABCD from probe waist to PD through the tana-sanpl ex)

1 0 )
abcd00t ama = (0 1/ n2 )

1 thickn ).
abcdOlt ama = (0 1 )

abcd02t ama

(6 )

abcdlt ama = (1 ditama -thickn );
0 1
1 0
abcd2t ama = (_1”1 1)’
1 d2
abcd3t ama = (0 1 )
1 0
abcd4t ama = (—1/f2 1)’
1 d3
abcd5t ama = (0 1 )
ABCDX ama =

abcd5t ama. abcd4t ama. abced3t ama. abcd2t ama. abcdlt ama. abcd02t ana. abcd01t ana. abcd00t ama;
ABCDt ana // Matri xForm
Altama = ABCDtanma[[1, 117;
Bltama = ABCDtanma[[1, 2]];
Cltama = ABBC(Drama[[2, 1]];
Ditama = ABCDtama[[2, 2]];

(«define the initial g paraneter, at waist %)

g0 =1 * P »w0”" 2 /| anbdaO;

(xcalculate the final q parameter, at PDx)

gPD= (AL * g0 +Bl) / (CL*q0+D1);

(» calculate the final q paraneter, at PD, in the case of tana-sapphiresx)
gPDtama = (Altama » 0 + Bltama) / (Cltama » g0 + Dlt ama);
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(xextract waist and RoC from gPD parameter *)

wWPD = FullSinplify[1/Sgrt [-Conpl exBExpand [I m[1 /gPD]] /1 anbdal = Pi ]7;

RPD = Full Sinplify [1 / Conpl exExpand [Re [1 / gPD]111;

(xextract waist and RoC from gPD paraneter, in the case of tana-sapphirex)
wPDtama = Full Sinplify [1/Sgrt [-Conpl exExpand [I m[1 / qgPDtana]l] /1 anbda0 = P 11;
RPDtama = Ful | Sinplify [1 / Conpl exExpand [Re [1 / qPDX ana]]1;

Out[7]//MatrixForm=

d3+d2 (1-% d3+d2(17d73
o 1) @ d3ed2 (1- %) dl [1_ - _Q]

fl f2

1-% |
e 1 1+dl |-—2_ 1| @
f1 f2 fl f2 f2

d3

( [ d3
d3ad2 [1-% d3+d2[177

n2 |d3+d2 (1-2)+ 17%{—2 (ditama -thickn) | +|1-———"% - | thickn

d3+d2 (1_‘13) 43

B f1 T f2 n2
d2 d2
@ | o1 ; Yo 1| p
n2 [1-—=+|- - (dltama—thlckn) . - t hi ckn
17(12 1 f2 f1 f2 f1l f2
Tt g2 n2

(xsol ve the equations system to find the Rayleigh distance,
new wai st and new wai st poistion, given the radius and RoC at the PD x)
risultato =FullSinplify [Solve[RPD==Z+ZR"2/Z & ZR == Pi * newn0 " 2 /| anbda0 &&
WPDN 2 == new0 2% (1L + (Z/ZR)"2), {ZR, newnD, Z}]];
risultatotana = Full Sinplify [Sol ve [RPD ama == Zt ama + ZR ama ™ 2 / Zt ama &&
ZRama == Pi * newnOt ama” 2 /| anbda0 &&
wPDtama ™ 2 == newOtama* 2% (1 + (Ztama / ZR ama) * 2), {ZR ama, newaOt ama, Ztama}]l;
{ZR, newn0, Z} = {ZR, newn0, Z} /. risultato[[1]]
{ZRt ama, newnwOt ama, Ztama} = {ZRama, newwOtana, Ztanma} /. risultatotama[[1]]

out[35]= {(f 12 f22 | anbda0 \/\02) /
((f1 (d2-f2) +d1 (-d2+f1+f2))2lanbda0? + (-d2+f1+f2)2 x2w0*), - (f1f2Ianbda0 wo) /
(v ((f1 (d2-f2) +dl (-d2+f1+f2))?lanbda0? + (-d2+f1+f2)2 2 wo*)),
~((d1d3 (d2-f1) -d2d3f1-dl (d2+d3-f1)f2+ (d2+d3) f1f2)
(f1 (d2-f2) +dl (-d2+f1+f2)) | anbda0? +
(-d2+f1+f2) (d2 (d3-f2) +f1f2-d3 (f1+f2)) n2w0*) /
((f1(d2-f2) +dl (-d2+f1+f2))2lanbda0? + (-d2+f1+f2)2 52 wo*)}
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out[36]= {(f 12 £22 | anbda0 n22 V\02> /

(lanbda0? (ditama (d2-f1-f2) n2+f1 (-d2+f2) n2+ (-d2+f1+f2) (-1+n2) thickn)?+
(-d2+f1+f2)2n22 72 w0*), - (f1f21anbdal n2 wo) /
(v (lanbda0? (ditama (d2-f1-f2) n2+f1 (-d2+f2) n2+ (-d2+f1+f2) (-1+n2) thickn)?+

(-d2+f1+f2)2 n22 72 wo#) ),

(—2 d2 d3f12f21anbda0? n22 + d2 f12 f 22 | anbda0? n22 + d3 f 12 f 22 | anbda0? n22 -
ditama? (d2-f1-f2) (d3 (-d2+f1) + (d2+d3-f1) f2) | anbda0? n22 +
2 d2 d3f121anbda02 n2 thickn +4 d2 d3f1 f21anbda0? n2 t hi ckn -
2d2f12f2 1 anbda02 n2 thickn -2 d3f12f2 | anbda02 n2 t hi ckn -
2d2f1f221anbda0? n2 thickn -2 d3f1 f22|anbda0? n2 t hi ckn +
f12 122 | anbda0? n2 t hi ckn - 2 d2 d3 f 12 | anbda02 n22 t hi ckn -
4 d2 d3f1f21anbda02 n22thickn +2 d2f12f2anbda0? n22thi ckn +
2 d3f12f2 | anbda0? n22 thickn +2 d2 f1 f22 | ambda0? n22 t hi ckn +
2 d3f1f221anbda02 n22 t hi ckn -f12 f22 | anbda02 n22 t hi ckn -
2 d2 d3f1 | anbda0? t hi ckn? + d3 f 12 | anbda0? t hi ckn? - 2 d2 d3 f 2 | anbda0? t hi ckn? +
2d2f1f21anbda0?thickn?+2 d3f1f21anbda0?thickn?-f12f2|anbdal? thi ckn? +
d2 f22 | anbda0? t hi ckn? + d3 f22 | anbda0? t hi ckn? -f1 f 22 | anbda0?2 t hi ckn? +
4 d2 d3f1 1 anbda02 n2 thi ckn? - 2 d3 f12 | anbda02 n2 t hi ckn? +
4 d2 d3 2| anbda0? n2 thickn? -4 d2f1 f2 | anbda0? n2 t hi ckn? -
4 d3f1f21anbda0? n2thickn2+2f12f21anbda02 n2thickn? -
2 d2 22| anbda0? n2 t hi cknZ - 2 d3f22 | anbda02 n2 thickn?+ 2 f1 f22 | anbda0? n2 t hi ckn? -
2 d2 d3f1 | anbda0? n22 t hi ckn? + d3 f 12 | anbda0? n22 t hi ckn? -
2 d2 d3f2 1 anbda02 n22 thickn? +2 d2 f1 f2 | anbda02 n22 t hi ckn? +
2 d3f1f21anbda02 n22 t hi ckn? -f12 f2 | anbda02 n22 t hi ckn? +
d2 f 22 | anbda0? n22 t hi ckn? + d3 f 22 | anbda0? n22 t hi ckn? - f 1 f 22 | anbda0? n22 t hi ckn? +
d22 (d3-f2) lanbda0? (f1 n2+ (-1 +n2) thickn)?+ d1t ama | anbda0? n2

(f1 (2d2d3 (-d2+f1) +2 (d2 (d2+2d3) - (d2+d3) f1) f2+ (-2 (d2+d3) +f1) f22) n2+
2 (-d2+f1l+f2) (d2 (d3-f2) +f1f2-d3 (f1+f2)) (-1 +n2) thi Ckl‘]) +

(-d2+f1+f2) (d3 (-d2+f1) + (d2+d3-f1) f2) n22 =2 wo*) /

(lanbda0? (ditama (d2-f1-f2) n2+f1 (-d2+f2) n2+ (-d2+f1+f2) (-1+n2) thickn)?+
(-d2+f1+f2)2 n22 72 w0}

(xequals the radius at PD to find the |nage
Uhit distance required for the case of tana-sanplex)
di stanza = Sol ve [WPDt ama == WPD, d1t ana]

dl n2 -t hickn +n2thi ckn}
n2 ’

out[37]= {{dlt ama -

1
{dltamae (-d1d2d3n2+dl1d3fln2+2d2d3fln2+

(d2d3-d3f1-d2f2-d3f2+f1f2) n2

dl d2f2n2+dl1 d3f2n2-d1f1f2n2-2d2f1f2n2-2d3f1f2n2-d2 d3thickn+
d3flthickn+d2f2thickn+d3f2thickn-f1f2thickn+d2 d3 n2thickn -

d3f1 n2thickn-d2f2n2thickn-d3f2 n2thickn+«f1f2 nzthickn)}}
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neep= vals = {f1 - 0.05, f2 » -0.00125, d1 -» 0.277, d2 » 0.064, d3 -» 0. 075,
| arbda0 -» 633 % 10" -9, w0 » 87 » 10~ -6, thickn - 0.06, n2 » 1.76};
val stana = {f1 » 0.05, f2 -» -0.00125, dltama - (0.277 +0.0259), d2 -» 0. 064,
d3 - 0.075, lanbda0 -» 633 %107 -9, WO -» 87 *10" -6, thickn » 0.06, n2 » 1.76};
{ZRn, newwOn, Zn, wPD} = N[{ZR, newn0, Z, wPD} /. val s]
{ZR aman, newnOt aman, Ztaman, wPDtama} =
Simplify [N[{ZR ama, newnOt ana, Ztanma, wPDXana} /. val stana]]

out[40]= {0. 000117097, 4.85735 x 106, 0. 075951, 0. 00315056}
out[41]= {0. 000117122, 4.85787 x 10-%, 0. 0759509, O. 00315023}
nas;= Sinplify [-dl +dltana /. distanza[[1]]]
N[Sinplify [-dl +dltama /. distanza[[1]]] /. vals]
(-1 +n2) thickn
n2
outfa9]= 0. 0259091

out[48]=



