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int n=80;

bordera0 (t=0,1) {x=1t/2.0;y=1/2.0; }

borderal (t=0,1) { x=1/2.0%+1/2.0; y = 1/2.0-1/2.0*¢; }
bordera2 (t=0,1){x=1;y=t}

bordera3 (t=0,1) { x=1-1/2.0%; y = 1+1/2.0%t; }
borderad (t=0,1) { x=1/2.0+1/2.0%;y = 3/2.0+1/2.0%; }
bordera5 (t=0,1) { x=1-1/2.0%;y = 2+1/2.0%t; }

border a6 (t=0,1) { x=1/2.0-1/2.0%; y = 5/2.0-1/2.0*t; }
bordera7 (t=0,1) {x=0;y=2-2%;}

mesh Th =
buildmesh(a0(n)+al(n)+a2(n)+a3(n)+ad(n)+a5(n)+a6(n)+a7(2*n)):
savemesh(Th,"S for change.msh");

plot(Th,wait=1);

real Tmax=100;
fespace Vh(Th, P1);

Vh ul,u2;
real sigma = 0;

real [int]levels = -3.0:1.0:3.0;

varf op(ul,u2)= int2d(Th) ( dx(ul)*dx(u2) + dy(ul)*dy(u2) - sigma* ul*u2 )
+ on(a0,al,a2,a3,a4,a5,a6,a7,ul=0) ;

varf b([ul],[u2]) = int2d(Th) (ul*u2 );

matrix OP= op(Vh,Vh,solver=Crout,factorize=1);

matrix B= b(Vh,Vh,solver=CG,eps=1e-20);

int nev=40;
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real[int] ev(nev);

Vhlint] eV(nev);

int k=EigenValue(OP,B,sym=true,sigma=sigma,value=ev,vector=eV,

tol=1e-10,maxit=0,ncv=0) ;

for (int 1=0;i<k;i++) {
ul=eV[i];
real gg = int2d(Th) (dx(ul)*dx(ul) + dy(ul)*dy(ul));
real mm= int2d(Th) (ul*ul);
cout<<ev|i]<<endl;
plot(eV[i],cmm="Eigen Vector "+i+" valeur =" +

ev[i] ,viso=levels,boundary=1,nbiso=60,wait=0,value=1);

}
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int n=380;

bordera0 (t=0,1){x=ty=0;}

borderal (t=0,1) {x=1-t/2.0;y=t/2.0; }
bordera2 (t=0,1) {x=1/2.0+t;y=1/2.0+t; }
border a3 (t=0, 1) { x =3/2.0-t/2.0; y = 3/2.0+t/2.0; }
borderad (t=0,1){x=1-t;y=2; }

bordera5 (t=0,1) { x=1t/2.0;y=2-t/2.0; }

border a6 (t=0,1) { x=1/2.0-t/2.0; y = 3/2.0-t/2.0; }
bordera7 (t=0,1){x=0;y=1-t;}

mesh Th =
buildmesh(a0(n)+al(n)+a2(2*n)+a3(n)+ad(n)+a5(n)+a6(n)+a7(2*n));
savemesh(Th,"T for change.msh");

plot(Th,wait=1);

real Tmax=100;
fespace Vh(Th, P1);

Vh ul,u2;
real sigma = 0;

real [int]levels = -3.0:1.0:3.0;

varf op(ul,u2)= int2d(Th) ( dx(ul)*dx(u2) + dy(ul)*dy(u2) - sigma* ul*u2 )
+ on(a0,al,a2,a3,a4,a5,a6,a7,ul=0) ;

varf b([ul],[u2]) = int2d(Th) (ul*u2 );

matrix OP= op(Vh,Vh,solver=Crout,factorize=1);

matrix B= b(Vh,Vh,solver=CG,eps=1e-20);

int nev=40;
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real[int] ev(nev);

Vhlint] eV(nev);

int k=EigenValue(OP,B,sym=true,sigma=sigma,value=ev,vector=eV,

tol=1e-10,maxit=0,ncv=0) ;

for (int 1=0;i<k;i++) {
ul=eV[i];
real gg = int2d(Th) (dx(ul)*dx(ul) + dy(ul)*dy(ul));
real mm= int2d(Th) (ul*ul);
cout<<ev|i]<<endl;
plot(eV[i],cmm="Eigen Vector "+i+" valeur =" +

ev[i] ,viso=levels,boundary=1,nbiso=60,wait=0,value=1);

}

3.2 RITHR XD 1

St T TENZENKTE o ZBEIHEDRAEDHEE % . Mathematica % H\» ThiEk
777 L7, THICKD, S & TOEABEDEED /NI W5 20 AT
L 720 So1 100 Tor 10& 1. BAFFIEIE 20 [5G n=10,20,40,80,160,320,640 0
KFD £ NN DEFHDOREDHEE TH 5,

R n DXL, MEEh X EREOBREDHEE 2R L T 5,

LAF Mathematica ® Y — A2 — F

datal = {{10, 0.2766} ,{20, 0.0807} , {40, 0.0269 }, {80, 0.0086}, {160, 0.003} , {320, 0.0011}}
data2 = {{10, 0.2116 }, {20, 0.0783 }, {40, 0.0251 }, {80, 0.0082 }, {160, 0.0029 }, {320, 0.0012}}
ListLogLogPlot[{data1, data2}, Joined -> True, PlotLegends ->{S0, TO}]

data3 = {{10, 0.3971}, {20, 0.1193}, {40, 0.0349}, {80, 0.0107}, {160, 0.0034} , {320, 0.0012}}
data4 = {{10, 0.3465} , {20, 0.11 }, {40, 0.0324}, {80, 0.0105} , {160, 0.0037} , {320, 0.0011}}
ListLogLogPlot[{data3, data4}, Joined -> True, PlotLegends -> {S1, T1},PlotMarkers -> Automatic]

datab = {{10, 0.9486} , {20, 0.2537} , {40, 0.0751}, {80, 0.0225} , {160, 0.0073} , {320, 0.0025}}
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data6 = {{10, 0.6969} , {20, 0.2147}, {40, 0.0642}, {80, 0.0212} , {160, 0.0073} , {320, 0.0022}}
ListLogLogPlot[{data5, data6}, Joined -> True, PlotLegends ->{S2, T2}, PlotMarkers -> Automatic]
data7 = {{10, 1.0543} , {20, 0.2699} , {40, 0.0717}, {80, 0.0188}, {160, 0.0051} , {320, 0.0014}}
data8 = {{10, 0.9095} , {20, 0.2402} , {40, 0.0623}, {80, 0.0168}, {160, 0.0045} , {320, 0.0013}}
ListLogLogPlot[{data7, data8}, Joined -> True, PlotLegends ->{S3, T3}, PlotMarkers -> Automatic]
data9 = {{10, 1.5556} , {20, 0.4068} , {40, 0.1131}, {80, 0.0314} , {160, 0.0095} , {320, 0.0031}}
data10 = {{10, 1.1717}, {20, 0.3581} , {40, 0.0984} , {80, 0.0283} , {160, 0.0088} , {320, 0.0029}}
ListLogLogPlot[{data9, data10}, Joined -> True, PlotLegends -> {S4, T4}, PlotMarkers -> Automatic]
datal1 ={{10, 2.2458}, {20, 0.5535}, {40, 0.148} , {80, 0.038}, {160, 0.0103}, {320, 0.0029}}
data12 = {{10, 1.7225} , {20, 0.4604} , {40, 0.1216} , {80, 0.0322} , {160, 0.0088} , {320, 0.0025}}
ListLogLogPlot[{data11, data12}, Joined -> True, PlotLegends ->{S5, T5}, PlotMarkers -> Automatic]
data13 = {{10, 2.8568} , {20, 0.7539} , {40, 0.1899} , {80, 0.05} , {160, 0.0134}, {320, 0.0038}}
data14 = {{10, 2.2132}, {20, 0.6167} , {40, 0.1569} , {80, 0.0418} , {160, 0.0114}, {320, 0.0033}}
ListLogLogPlot[{data13, data14}, Joined -> True, PlotLegends -> {S6, T6}, PlotMarkers -> Automatic]
data15 = {{10, 2.8946} , {20, 0.7597} , {40, 0.1888} , {80, 0.047}, {160, 0.012} , {320, 0.0032}}
data16 = {{10, 2.9285} , {20, 0.7375} , {40, 0.1841} , {80, 0.0468} , {160, 0.012} , {320, 0.0031}}
ListLogLogPlot[{data15, data16}, Joined -> True, PlotLegends -> {S7, T7}, PlotMarkers -> Automatic]
data17 = {{10, 3.8959}, {20, 0.929}, {40, 0.2355}, {80, 0.0581}, {160, 0.0146} , {320, 0.0036}}
data18 = {{10, 3.2192} , {20, 0.8017} , {40, 0.1999} , {80, 0.0495} , {160, 0.0125}, {320, 0.0031}}
ListLogLogPlot[{data17, data18}, Joined -> True, PlotLegends -> {S8, T8}, PlotMarkers -> Automatic]
data19 = {{10, 4.212} , {20, 1.142}, {40, 0.311}, {80, 0.083} , {160, 0.023}, {320, 0.007}}

data20 = {{10, 3.746} , {20, 1.003}, {40, 0.268} , {80, 0.073}, {160, 0.021} , {320, 0.007}}
ListLogLogPlot[{data19, data20}, Joined -> True, PlotLegends -> {S9, T9}, PlotMarkers -> Automatic]
data21 = {{10, 5.341} , {20, 1.335}, {40, 0.342} , {80, 0.087}, {160, 0.023} , {320, 0.006}}

data22 = {{10, 4.577}, {20, 1.146} , {40, 0.295}, {80, 0.075} , {160, 0.02}, {320, 0.005}}
ListLogLogPlot[{data21, data22}, Joined -> True, PlotLegends ->{S10, T10}, PlotMarkers -> Automatic]
data23 = {{10, 6.655} , {20, 1.734}, {40, 0.447} , {80, 0.121}, {160, 0.033}, {320, 0.011}}

data24 = {{10, 5.426} , {20, 1.466} , {40, 0.386} , {80, 0.105}, {160, 0.031}, {320, 0.009}}
ListLogLogPlot[{data23, data24}, Joined -> True, PlotLegends -> {S11, T11}, PlotMarkers -> Automatic]
data25 = {{10, 7.108} , {20, 1.866} , {40, 0.451}, {80, 0.11}, {160,0.029} , {320, 0.007}}

data26 = {{10, 5.93}, {20, 1.434} , {40, 0.375}, {80, 0.091} , {160,0.023} , {320, 0.006}}

ListLogLogPlot[{data25, data26}, Joined -> True, PlotLegends ->{S12, T12}, PlotMarkers -> Automatic]
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data27 = {{10, 8.994} , {20, 2.035}, {40, 0.521} , {80, 0.132}, {160, 0.034}, {320, 0.009}}

data28 = {{10, 7.422} , {20, 1.838}, {40, 0.471}, {80, 0.117}, {160, 0.031}, {320, 0.008}}
ListLogLogPlot[{data27, data28}, Joined -> True, PlotLegends ->{S13, T13}, PlotMarkers -> Automatic]
data29 = {{10, 9.382} , {20, 2.444} , {40, 0.651} , {80, 0.169}, {160, 0.048} , {320, 0.014}}

data30 = {{10, 7.445} , {20, 1.993}, {40, 0.515} , {80, 0.145}, {160, 0.042} , {320, 0.011}}
ListLogLogPlot[{data29, data30}, Joined -> True, PlotLegends ->{S14, T14}, PlotMarkers -> Automatic]
data31 = {{10, 10.67}, {20, 2.795} , {40, 0.707} , {80, 0.177}, {160, 0.045} , {320, 0.012}}

data32 = {{10, 9.071} , {20, 2.28} , {40, 0.575}, {80, 0.147} , {160,0.038} , {320, 0.009}}
ListLogLogPlot[{data31, data32}, Joined -> True, PlotLegends ->{S15, T15}, PlotMarkers -> Automatic]
data33 = {{10, 12.494}, {20, 3.124} , {40, 0.813}, {80, 0.213}, {160, 0.057} , {320, 0.017}}

data34 = {{10, 10.018}, {20, 2.659} , {40, 0.674} , {80, 0.183}, {160, 0.052} , {320, 0.014}}
ListLogLogPlot[{data33, data34}, Joined -> True, PlotLegends ->{S16, T16}, PlotMarkers -> Automatic]
data35 = {{10, 12.811}, {20, 3.273}, {40, 0.84} , {80, 0.216} , {160, 0.059}, {320, 0.017}}

data36 = {{10, 9.897} , {20, 2.752} , {40, 0.702} , {80, 0.186}, {160, 0.051}, {320, 0.015}}
ListLogLogPlot[{data35, data36}, Joined -> True, PlotLegends ->{S17, T17}, PlotMarkers -> Automatic]
data37 = {{10, 13.281}, {20, 3.284}, {40, 0.828} , {80, 0.204}, {160, 0.052} , {320, 0.013}}

data38 = {{10, 11.066} , {20, 2.859} , {40, 0.715} , {80, 0.181} , {160, 0.046} , {320, 0.012}}
ListLogLogPlot[{data37, data38}, Joined -> True, PlotLegends ->{S18, T18}, PlotMarkers -> Automatic]
data39 = {{10, 14.569} , {20, 3.369}, {40, 0.842} , {80, 0.209}, {160, 0.052} , {320, 0.014}}

data40 = {{10, 13.082} , {20, 3.172}, {40, 0.836} , {80, 0.204}, {160, 0.051}, {320, 0.013}}

ListLogLogPlot[{data39, data40}, Joined -> True, PlotLegends ->{S19, T19}, PlotMarkers -> Automatic]

18



0.100

0.050

0.020

0010

0.005

0.002

1.000
0.500

0.100
0.050

0010
0.005

19



(.100

0.050

0.010

0.005

0.100
0.050

0010
0.005

20



1.000
0.500

(.100
0.050

0.010
0.005

0.100

0.050

0.010

0.005

21



0.20
0.10
0.05

0.02
0.01

1.000
0.500

0.100
0.050

0.010
0.005

22



1.00
0.50

0.10

0.05

0.01

0.1

0.01

23



5.00

1.00
0.50

0.10
0.05

0.01

500

1.00
0.50

0.10

0.05

24



5.00

1.00
0.50

0.10
0.05

0.01

1.00
0.50

0.10
0.05

0.01

25



1.00
0.50

0.10
0.05

1.00
0.50

0.10
0.05

26



10.00
500

1.00
0.50

0.10
0.05

1.00
0.50

0.10
0.05

27



1.00
0.50

0.10
0.05

1000
5.00

1.00
0.50

0.10
0.05

28



—- m
—_
O W ONdOOUAWN—=O S

O T U IO G O g Y
O 00 N O Ol WN —

—- _|
—-
O © N UlhWN=O S

O O O [ O (PO G U N
O 00 N G WN —

10
20.7012
298115
427158
53.7223
60.1058
76.6741
88.6454
96.2376
103.834
110.211
121.647
135.976
145.107
153.049
164.563
181.469

186.71
195.086
207.357
214.893

10
20.6315
29.749
424124
53.5356
59.6544
76.0235
87.8206
96.2443
102.983
109.55
120.631
134.398
143.395
151.211
162.006
179.183
183.591
191.472
204.573
213.196

20
20.4246
29.4144
41.7672

52.668
58.5502
74.4283
85.7886

93.343
99.9381
105.999
116.306
129.321
137.999
144.055
155.181
170.799
174.216
182.275
194.076
200.324

20
20.4199
29.4025
41.7155
52.6261
58.4827

74.301
85.6074
93.3158
99.7638
105.804
116.054
128.972
137.465
143.789
154.561
170.112
173.573
181.575
193.507
200.114

40
20.3439
29.2951
41.5135
52.3981
58.1434
73.8748
85.0347
92.5833
99.0091
104.857
114971
127.587
136.133

142.02
152.737
168.004
171.092
179.002
190.792
196.955

40
20.3416
29.2925
41.5008
52.3859
58.1246
73.8406
84.9907
92.5783
98.9621
104.801
114.908
127.506
136.031
141.951
152.568
167.832
170.914
178.823
190.648
196.942

80
20.317
29.2602
41.4384
52.3264
58.0303
73.7268
84.8448
92.3945
98.7736
104.546
114.629
127.14
135.682
141.499
152.086
167.297
170.279
178.162
189.964
196.113

80
20.3165
29.2601
41.4366
52.3236
58.0262

73.719
84.8338
92.3942
98.7622
104.533
114613

127.12
135.656

141.48
152.053
167.257

170.24
178.121
189.933
196.106

29

160
20.3084
29.2495
41.4159
52.3076
57.9989
73.6888
84.7948
92.3475
98.7155
104.463
114.542
127.019
135.572
141.367
151.917

167.12
170.066
177.946

189.76
195.904

160
20.3083
29.2496
41.4154
52.3068
57.9979
73.6868

84.792
92.3474
98.7127

104.46
114.538
127.015
135.565
141.363
151.908

167.11
170.057
177.935
189.752
195.902

320
20.3054
29.2461
41.4086
52.3025
57.9894
73.6785
84.7814
92.3355
98.7009

104.44
114.519
126.986
135.543
141.333
151.869
167.075
170.009
177.887
189.708
195.852

320
20.3054
29.2459
41.4081
52.3023
57.9891

73.678
84.7806
92.3354
98.7002
104.439
114.518
126.984
135.542
141.332
151.866
167.072
170.005
177.884
189.706
195.851

640
20.3043
29.2449
41.4061
52.3011
57.9863
73.6756
84.7776
92.3323
98.6973
104.433
114.513
126.975
135.536
141.324
151.855
167.063
169.992

177.87
189.695
195.838

640
20.3042
29.2448
41.4059

52.301
57.9862
73.6755
84.7773
92.3323
98.6971
104.432
114.513
126.975
135.536
141.324
151.855
167.063
169.991
177.869
189.694
195.838



A [E4T o 72 BfEf#T < lE. n % 10,20,40,80,160,320,640 & f5ICLTwio
7o EHED M§%777mbt%\n%H LTCITo722 85627 7 DHE
-2 ETPHEL, ERIZ Ko TWb T eBhbhrolz, 77,
ST @%j%ﬁ@ﬁﬂﬁ&cj’o’b\f\ n 753‘2%&:7&014)\ BNTEDRD 2
Wi, MK TA~SH L TWB T eBbhrolz,

3.3 KITHR £ D2

FreeFem++iC X o THEOLNEZS L ToOEAEEIL ENIZEDREE 2> %5
3B,
Sl BAEMNT L 72 T 28 —F/NE WL RE WETRDOFEZIT- 72,

| B JTn|

| j.S,n|
j S(n=10) T(n=10) Is; =7l j S(n=640) T(n=640)
0 207012 206315 0.003366955 0 203043 203042  0.00000493
1 298115 29749 0.002096506 1 292449 292448  0.00000342
2 427158 424124 0007102758 2 414061 414059  0.00000483
3 537223 535356 0.003475279 3 523011 52301  0.00000191
4 601058 59.6544 0.007510091 4 579863 57.9862  0.00000172
5 766741 760235 0008485264 5 736756 73.6755  0.00000136
6 88.6454 87.8206 0.009304487 6 847776 847773  0.00000354
7 962376 96.2443 0.00006962 7 923323 92.3323 0
8 103.834 102.983 0008195774 8 986973 98.6971  0.00000203
9 110211 10955 0.005997586 9 104433 104432  0.00000958
10 121.647 120.631 0.008352035 10 114513 114513 0
11 135976 134.398 0.011604989 11 126975 126.975 0
12 145107 143395 001179819 12 135536 135536 0
13 153049 151.211 0.012009226 13 141324 141324 0
14 164563 162.006 0.015538122 14 151.855 151.855 0
15 181469 179.183 0.012597193 15 167.063 167.063 0
16 18671 183591 0016705051 16 169.992 169.991  0.00000588
17 195086 191.472 0.018525163 17 17787 177869  0.00000562
18 207.357 204573 001342612 18 189.695 189.694  0.00000527
19 214893 213.196 0.007896953 19 195838 195.838 0
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