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ﬂ@%"“‘7.11;

The method used in Appendix 16 can be followed step by step to solve this problem with Mathematica
(see below). Note that the eigenvalue problem expressed by Eq. A16.6 has many eigenvalues (and cigen-
vectors). The fundamental mode can be found by choosing the largest positive eigenvalue. The field profile
U(a,y) will be given by the eigenvector associated with this eigenvalue,

dx = 0.1;

dy = 0.4;
lambda = 1.E56; (* unit of length is micron #)
k0=2 Pi/lambda;
dX = N[dx k0];
dY = N[dy ko];
jmax = Floor[4.8/dy+1];
imax = Floor[2.3/dx+1];
E*********ta¢**¢r¢+¢+*++;

# Define Index Matrix *
(kb koo o ok ok ok ok ko ook )

n = Table[Tabla[0,{jmax}],{imax]}];
For[y=0;j=1,y<=4.8,y=y+dy; j++,
For[x=0;i=1,x<=0.85,x = x+dx;i++,
nlli,j11=3.34;

Forl,x<=0.86,x = x+dx;i++,
§[[i,j]}:3.44;

For[,x<=1.96,x = x+dx;i++,
1£[1.4 < y <= 3.4,
(*then*) n[[i,j]1]1=3.44,
(*else*) n[[i,jll=1.0

1
For[,x<=2.3,x = x+dx;i++,
nlli, jl11=1.0;

i
1;

(R ddbm bt bbb nbknonn)

§* Define Variables #)
Fh kbR Rk k)

(+ define a; *)

functionali_, j1 := nlli,j13? - 2/dx? - 2/d¥%;
a=Array[functiona,imax, jmax];

(* define b #)

b=1/dY?;

(* define B *)

B=1/dX?;

(*****i#*t*!tl***ttttitg

(* Define Matrix A =*
Coe b oo ook bk kR )

matA = IdentityMatrix[imax+*jmax];
For[i=1,i<=imax, i++,
For[j=1,j<=jma]:,j++,

matA[[(i-1)*jmax+j, (i-1)*jmax+j 11 = a[[i,31]

Furtjxl,j<jmax,j++,
matAL[(i-1)*jmax+j+1, (i-1)#*jmax+j 11 = b;
matA[[(i-1)*jmax+], (i-1)#*jmax+j+1  ]] = b
1;

Farti=1,i<imax,i++,

Forl[j=1,j<=jmax, jt+,
matALL(i-1)#jmax+j+imax, (i-1)*jmax+] 11 = B;
matALL(i-1)*jmax+], (i-1)*jmax+j+jmax]] = B
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Once the matrices have been defined, all of the eigenvalues can be found easily:

ans = Eigenvalues[matA]

-24.4088, -24.4988, -24.12238, -24.1228, 23,8421, -23. 8421, -23.6552, -23.0551, -23.4741, -23.4730, 23,2695,
-23.2004, -23.0182, -23 0132, -22.7078, -22.T704, -22. 7352, -22. naol. 22,0093, -22.5022, -22.4154, -22.3378,
-22.0081, 31,9388, 21 B4TE, -21 6847, -20.5877, -21.513, -21.4278, -21. 3151 21,3120, -20.936, -20.9357,
=20, wn. -20.4691, -20.0894, -20.0804, -10.5604, -19,5604, .Jn.tsn L -1RTITE) L1R7176, .18.2313,
=18.3313, -17.5651, -1T.5588, -17.468, -17.2684, -17.1897, -17.1038, L18. Bm -16. 7108, -16.6418, -16 4188,

-18. !HO.-IS ‘2895, -18.1413, -15. aauu.-macos -15.0024, -15.00 :1 4.538, -11.531#. -14,185 .11.|5ea,
-14.1381, -14.0081, -13.9252, -13.8323, -13.6711, -13.5732, -L3.520d, .13.377, -13.200%, 13,1707, - 13,1072,
-13.1045, -13.0522, -12.9155, -13. 9084, «12.8534, -12.788, =12 758, .12.7365, -12.6861, -12.6209, -12.6004,
—IE Hll. -12.3198, -12.2588, .25 034, -11.8689, 11,9018, u 3.1 ,-11.5073 -11.8226,

95, -11.8231, -11.559, nszo'r .2624, -11.1531, -11,1371, *11,0212, 108811, -1n.p408,

108010, 108648, 107858, 16,748, 0.8601, .10 8513, 10,8481, 10,5908, 10.5804, 10,4515, +10.43,
10.3001, -10.308, '10.2873, -10.3588, 10,237, 10,2151, -10.2082, 101131, -10,0863, 999329, 99344, -0 53283,
-9.85808, -0.70811, 6.78085, -6.77432, 9.04818, »oiias, -5.56437, §.52132, 0.4880, -9.43048, -2.43034, 9.35248,
8.20375 "0 20185, 19 91387, 917657, .o.1 16, e 10508,"-5 07804, 0,074, '9.05268, B.94848, -8.00250, 8.89723,
=8.83531, 872152, -8 712, -8.08452, 8 030 uTl ‘ 44533 8. 382 1‘1 -8, 25815, B.23EEA, -B.22T85, 8, 2'11]3
3.11018,".800445, 808408, 8 02535, -8, om:. -7.87308, -1 aeﬁaz 85977, 7.82184, -7.78334, -T.T1H28, -7.86008,
765283, T 63883, 1.4384, 790001, 731338 730100, T.08308, 7 64348 70107, 6.8 108T <o atmnr o, 82473,
-A.aTa68, eﬂlzeﬂ A, SHHI 51510[ -5'"055, -8.31511, -6.3127, 8.2350, -8.14905, &, 1443, 8 ons41, -5 5158,
-5.93839, -5.8824 ! 9377, 58937, 5 68TAR, 560073, -5.52847, -5 ﬂls -5, 4131-1 333513 5.33:41 s,:'.'sna

-5. 10514, —.'! ISHEJ -.". 10375, -5. D‘STB! -5 07353 4,95147, -4 !Sh‘l. =4 NSM. -4, 75993 4. BBTGH =4, 51”9.
4.34360, 4.31582, .4. :!EIU?H. -4.23807, .4.04311, 4.0314, -4.02438, -3.04444, .3,02870, -3.80472, 3 TE319, -3.87285,
.83110, -3.4T01, 8,47087, 3.30409, .3 33663, 3 31587, .3.:4595. -3.17049, -3,15421, 3.08808, -3.06168, 2.08885,

2.88108, -2.79780, -2. 1'9!3!. -2.73025, 1. ?DQ!'D, -2,83821, -2.8004, 2.50692, 2.5041), -2 A5834, 2.3537T, -2.27454,

=2.24418, - mai 218130, 2.1207€, 2.03876, -2.01751, -2.00078, -1. 7?01, 1, msn 1. enosz -L.A&E3D, -1. Msoa,
65342, +l 40048, -1.40012, 1. 3‘15‘29. -1, 31533. -1.2027, -1.1385, -1.08084, -1, UM’TG- 1. 05‘235 =0, sssms

-0 747133 -0.T35746, -0.723003, -0.723297, 0.675483, 0.633121, o, 832033, -0,824621, -0. 593308 -0, 50591‘1

0. 42‘1503. -0.306743, .0.362682, -0.35105, -0.383228, 0.350729, 0250352, -0, 218444, -0.218352, -0,20017, 0.176087,

0.140708, 00396400}

The eigenvalue corresponding to the fundamental mode is the largest positive eigenvalue: 11.53. This
corresponds to an index for the fundamental mode of

i = 3.306

value = ans[[103]];
InputFerm[value)
nbar = Sqrtivalue];
(* the medal index of the fundamental mode
is the sgrt of the largest positive sigenvalus *)
InputFerm[nbar]

§15028030833435443%8

Next we solve for the eigenvectors of the system and pick out the eigenvector associated with the

eigenvalue chosen for the fundamental mode. This eigenvector gives us the field profile of the fundamental
mode,

ans = Eigensystem[matAl;
vactor = ans[[2,103]];

modefield = Table[Tablel0, {Jmnx}] {imax}];
For[i=1,i<=imax,i++,
For[j=1 j(—-JIIBJ.'.jH,
modarield[[i,j]] = vector [[(i-1)*jmax+j]];

ListContourPlot [medefield, AspectRatio -> 2,3/4.8];
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Figure 7.11. A contour plot (to scalc) of the ficld profile for the fundamental mode.

= 3.396



