nso= C ear All [EOL1, EO2, EO03, F1, F2, F3, F4, F5, F6, F7, F8, F9, Fi 1, Fi 2, Fi 3, Fi4,
Fi5, Fi6, Fi7, Fig Fi9 d r01, r02, r03, r04, r05, r06, r07, r08, r09]

(*DEFI NI Cl ONES+)

(xDefinicion de matrices de prineros veci nosx)
Fil=Array[F1, {3, 3}1;
Fi2=Aray[F2, {3, 3}1;
Fi3=Array[F3, {3, 3}1;

(xDefinicion de matrices de segundos veci nosx)
Fid4=Aray[F4, {3, 3}1;
Fi5=Array[F5, {3, 3}1;
Fi6=Aray[F6, {3, 3}1;
Fi7=Aray[F7, {3, 3}1;
Fi8 =Array[F8, {3, 3}1;
Fi9=Aray[F9, {3, 3}1;

(*Definicion de nmatrices de rotaci 6n de 120° y-120°=240° )
Q60 = Rotati onMatri x [60 Degree, {0, 0, 1}7;

0 = Rotati onMatri x[90 Degree, {0, 0, 1}7;

Q120 = RotationMatrix[120 Degree, {0, 0, 1}1;

@40 = RotationMatri x [240 Degree, {0, 0, 1}1;

(«Definicion de matriz de reflexi 6n en el plano XY:z--z%)
Rz = {{1, 0, 0}, {0, 1, 0}, {O, O, -1}};
(+Definicidn de natriz de reflexi 6n en el plano XZ:y--yx)
Ry = {{1, 0, 0}, {0, -1, 0}, {0, O, 1}};

(*RESOLUCI ON DE LAS ECUACI ONES«)

(xPRI MEROS VEC! NOSx)

(xrefl exiones z-»-z, y--y, priner vecino: F1,

reflejado en YZ ha de coincidir consigo msnp, idemreflejado en XYx)
Fil
Fil

Fil/. Flatten[Solve[Fi1l==Rz.Fi1l. (Transpose[Rz])11];
Fil/. Flatten[Solve[Fi1l==Ry.Fil. (Transpose[Ry]1)11;

(+ giros, primeros vecinoss)
Fi2=Fi2/. Flatten[Sol ve[Fi 2 == @Q40. Fi 1. (Transpose [@401), {F2[1, 11, F2[1, 2],
F211, 31, F2[2, 11, F2[2, 2], F2[2, 3], F2[3, 11, F2[3, 2], F2[3, 31}11;

Fi3=Fi3/. Flatten[Sol ve[Fi 3 == QL20. Fi 1. (Transpose[Ql20]), {F3[1, 11, F3[1, 2],
F3[1, 3], F3[2, 1], F3[2, 2], F3[2, 3], F3[3, 11, F3[3, 2], F3[3, 31}11;

Text Cel | ["Fi 1="]
Fil// MtrixForm
TextCel | ["Fi 2="]
Fi2// MatrixForm
Text Cel | ["Fi 3="]
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Fi3// Matri xForm

(*SEGUNDCS VECI NOSx)
(*En priner lugar, hallanps |a expresi 6n general de Fi4x)

Fid=Fi4/. Flatten[Solve[Fi4=Rz.Fi 4. (Transpose[Rz]1)11;

Fi6=Fi6/. Flatten[Sol ve[Fi 6 == QL20. Fi 4. (Transpose[Ql20]), {F6[1, 1], F6[1, 2],
F6[1, 3], F6[2, 1], F6[2, 2], F6[2, 31, F6[3, 1], F6[3, 2], F6[3, 31}11;

Fi5=Fi5/. Flatten[Sol ve[Fi5 == Ry.Fi 6. (Transpose[Ry]), {F5[1, 1], F5[1, 2],
F5[1, 3], F5[2, 1], F5[2, 2], F5[2, 3], F5[3, 1], F5[3, 2], F5[3, 31}11;

Fi7=Fi7/. Flatten[Sol ve[Fi 7 == QL20. Fi 5. (Transpose[QL201), {F7[1, 11, F7[1, 2],
F711, 31, F7[2, 11, F7[2, 2], F7[2, 3], F7[3, 1], F7[3, 2], F7[3, 31}11;
(xEsta alti ma operaci 6n proporciona que F7[1,2]==-F4[1,2] y F7[2,1]==F4[2, 1]
Y como F7[1,2]==F4[2,1] v F7[2,1]==F4[1,2] tenenps que F4[2,1]=-F4[1, 2] %)

Fid=Fid4/ Flatten[F4[2, 1] » -F4[1, 2]1;

TextCel |l [" La forma general de Fi4, aplicadas todas las sinetrias y condiciones es"]
Text Cel | ["Fi 4="1]
Fi 4 // MatrixForm

(* con o que ya tenenmps Fi7: %)
Fi7=Fi7/. Flatten[F4[2, 1] » -F4[1, 2]1;

Text Cel | ["Fi 7="1]
Fi7 /7 Matri xForm

(xFi6 y Fi8 se hallan aplicando a Fi4 un giro de 120° y -

120° (al rededor del eje Z) respectivanente: x)

Fi6é=Fi6/ Flatten[Sol ve[Fi6 == QL20. Fi 4. (Transpose [QL20]), {F6[1, 1], F6[1, 2],
F6[1, 3], F6[2, 1], F6[2, 21, F6[2, 31, F6[3, 1], F6[3, 2], F6[3, 31}11;

TextCel | ["Fi 6="]

Fi 6 // MatrixForm

Fi8 =Fi8 /. Flatten[Sol ve[Fi 8 == 40. Fi 4. (Transpose [@Q40]), {F8[1, 1], F8[1, 2],
F8[1, 3], F8[2, 1], F8[2, 2], F8[2, 3], F8[3, 1], F8[3, 2], F8[3, 3]}1]

Text Cel | ["Fi 8="]

Fi 8 // Matri xForm

(xFi5 y Fi9 sen halla haciendo un giro de 120° y -

120° respectivanmente al ya hallado Fi7%)

Fi5=Fi5 /. Flatten[Sol ve[Fi 5 == Q40. Fi 7. (Transpose [@40]), {F5[1, 1], F5[1, 21,
F5[1, 3], F5[2, 11, F5[2, 2], F5[2, 3], F5[3, 1], F5[3, 21, F5[3, 31}11;

Text Cel | ["Fi 5="1]

Fi5// MatrixForm

Fi9=Fi9/. Flatten[Sol ve[Fi 9 == QL20. Fi 7. (Transpose[QL20]1), {F9[1, 11, F9[1, 2],
For1, 31, F9[2, 11, F9[2, 21, F9[2, 31, F9[3, 11, F9[3, 2], FIO[3, 31}11;

Text Cel | ["Fi 9="1]

Fi 9 // MatrixForm
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outf7o)= Fi 1=

Out[71]//MatrixForm=

F1[1, 1] O 0

0 F1[2, 2] O

0 0 F1[3, 3]
out[72)= Fi 2=

Out[73]//MatrixForm=

L (F1[1, 1) +3F1(2, 2)) 43(\/3_F1[1, 1] -+/3 F1[2, 2]) ©
%(\EFl[l, 1] -/3 F112, 2}) 1T(3FL[1, 1] +F1[2, 2]) 0
0 0 F1[3, 3]
out[74]= Fi 3=
Out[75]//!\/|atr\><Form—
T (F1[1, 1] +3F1([2, 2]) %(—\/?Fl[l, 1] +V3 F1[2, 2}) 0
%(—N/B_Fl[l, 1] +/3 F1(2, 2]) L (3F1[1, 1] +F1(2, 2]) 0
0 0 F1[3, 3]

ouel)= La forma general de Fi4, aplicadas todas las sinmetrias y condiciones es
outig2)= Fi 4=

Out[83]//MatrixForm=

F4[1, 1] F411, 2] O
“F4[1, 2] F4[2, 2] O

0 0 F4[3, 3]

out[ssj= Fi 7=

Out[86]//MatrixForm=

F4[1, 1] -F4[1, 27 O

F4[1, 2] F4(2, 2] 0

0 0 FA4[3, 3]

outjgg)= Fi 6=

Out[89]//MatrixForm=

%(F4[1, 1] ++V3 F4[1, 2] +V3 F4[2, 1] +3F4[2, 2]) %(7\/37F4[1, 1] +F4[1, 2] -3F4[2, 1] +
%(fﬁmu, 1] -3F4[1, 2] +F4[2, 1] +V/3 F4[2, 2]) %(3F4[1, 1] -+/3 F4[1, 2] -+/3 F4[2
0 0
1 1
out90}= {{— 1 +3F4[2, 2]) —(\/_F41 1] +4F4[1, 2] -+/3 F4[2, 2) 0},
4 4
1 1
{Z (\/_F4 [1, 1] -4F4[1, 2] -/3 F4[2, 2]), n (3F4[1, 1] +F4[2, 2]), 0}. {0, 0, F4[3, 3]}}
outo1]= Fi 8=
Out[92]//MatrixForm=
1 (FA[1, 1] +3F4[2, 2]) %(WF41 1] +4F4[1, 2] -~/3 F4[2, 2) 0
%(\EFML 1] -4 F4[1, 2] -3 F4[2, 2]) L (3F4[1, 1] +F4([2, 2]) 0
0 0 F4(3, 3

out[e4)= Fi 5=
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Out[95]//MatrixForm=

out[97]=

(F4[1, 1] ++/3 F4[1, 2] +/3 F4[2, 1] +3F4[2, 2})

O Ak AR

Fi 9=

Out[98]//MatrixForm=

In[962]:=

(F4[1, 1] +3F4[2, 2])

(—\/3_F4[1, 1] +4F4[1, 2] +V3 F4[2, 2]) (3F4[1, 1] +F4[2, 2])

O sk bR
O sk bR

ClearAll [d, r01, r02, r03, r04, r05, r06, r07, r08, r09,

rl2, r23, r31, r98, r76, r54, €1, €2, €3, al, a2, y¥l, ¥2, 6, 61, e2]
(xDefinicion de matrices de rotaci 6n de 120° y-120°=240° %)

B0 = Rotati onMatri x [60 Degree, {0, 0, 1}7;

Q0 = Rot ati onMatri x [90 Degree, {0, 0, 1}1;

QL20 = Rot ati onMat ri x [120 Degree, {0, 0, 1}1; T120 = Transpose [QL207];
Q40 = Rot ati onMatri x [240 Degree, {0, 0, 1}1;

(xDef i nici 6n de vectores posici 6n de atonpsx)

(*prineros veci nosx)

rol = {d, 0, 0};

r02 = @40.r01;

ro3 = Q120. r01;

(*segundos veci nosx)

ro4 = {o, dVs, o};

ro5 = Q60. r 04;
r06 = 0. r 05;
r07 = Q0. r 06;
r08 = 0. r07;
ro9 = Q60. r08;

ri2 =r02 -r01,
r23 =r03 -r02;
r31=r01-r03;
r98 =r08 -r09;
r76 =r06 -r07,
r54 =r04 -r05;

r19 = -r02;
r18 = -r03;
r27 = -r03;
r26 = -r01,;
r35=-r01;
r34 =-r02;

(*primeros vecinos, p.ej.:Eprineros[r0l]x)

Eprineros = (al/ (d*2)) Quter [Ti mes, #, #] &

(*segundos vecinos, p.ej.:Esegundos[r12]x)
Esegundos = (a2 / (3d”2)) (Quter [Tines, #, #]) &
TEsegundos = (a2 / (3d”"2)) Transpose[ (Quter [Tinmes, #, #])] &

(»angul os en el plano xy, p.ej.: Eangulos[r01,r02]x)
Eangul os = (y1/ (d"4)) @@0. (Quter [Ti mes, #1, #2]). Transpose [@Q0] &;

(\/?F4[1, 1] -F4[1, 2] +3F4[2, 1] -+:

1
1

(V3 Fa[1, 1) +3F4(1, 2] -F4[2, 1] -3 F4[2, 2]) ; (3F4[1, 1] -3 F4[1, 2] - /3 F4[2, 1]
0

(4/?!24[1, 1] -4F4[1, 2] +3 F4[2, 2]) 0

0
F4 13,
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TEangul os = (y1/ (d~4)) Transpose [Q0. (Quter [Ti nes, #1, #2]). Transpose[Q0]] &

(xfl exi 6n fuera del planox)
Eflexion = (y2/ (d~2)) {{0, 0, 0}, {0, O, 0}, {O, O, 1}};

(%t orsi 6nx)
Etorsion= (6/ (3xd”2)) {{0, 0, 0}, {0, O, O}, {0, O, 1}3;

(*»sumanos cada contribuci 6n a su matriz psi correspondi ent ex)

psi [0, 1, 1] =

Eprineros[r01] + Esegundos [r12] + Esegundos [r 31] + Esegundos [r 54] + Esegundos [r 76] +

2 x Eangul os [r01, r01] + Eangul os [r 35, r35] + Eangul os[r26, r26] + Ef | exi on + 4 % Et or si on;

psi [0, 2, 2] = Eprinmeros[r02] + Esegundos [r12] + Esegundos [r 23] +
Esegundos [r 98] + Esegundos [r 54] + 2 » Eangul os [r02, r02] +
Eangul os [r19, r19] + Eangul os [r 34, r34] + Ef | exi on + 4 » Et or si on;
[0, 3, 3] =Eprinmeros[r03] + Esegundos [r31] + Esegundos [r 23] +
Esegundos [r 98] + Esegundos [r 76] + 2 » Eangul os [r 03, r03] +
Eangul os [r18, r18] + Eangul os [r27, r27] + Ef | exi on + 4 = Et or si on;

ps

psi [0, 1, 2] = -Esegundos [r12] - Eangul os [r01, r02] + Ef | exi on - Et or si on;
psi [0, 2, 1] = -Esegundos [r12] - TEangul os [r01, r02] + Efl exi on - Et or si on;
psi [0, 1, 3] = -Esegundos [r31] - TEangul os [r03, r01] + Efl exi on - Et or si on;
psi [0, 3, 1] = -Esegundos [r31] - Eangul os [r03, r01] + Ef | exi on - Et or si on;
psi [0, 2, 3] = -Esegundos [r 23] - Eangul os [r02, r03] + Ef | exi on - Et or si on;
psi [0, 3, 2] = -Esegundos [r 23] - TEangul os [r 02, r03] + Ef | exi on - Et or si on;
psi [-€3, 2, 3] = -Esegundos [r 98] - Eangul os [r19, r18] - Et orsi on;

[e3, 3, 2] = -Esegundos [r 98] - TEangul os [r 19, r 18] - Et or si on;
[e2, 1, 2] = -Esegundos [r54] - Eangul os [r 35, r34] - Et orsi on;

ps
ps

psi [-€2, 2, 1] = -Esegundos [r54] - TEangul os [r 35, r34] - Et or si on;
psi [el, 1, 3] = -Esegundos [r 76] - TEangul os [r 27, r26] - Et or si on;
psi [-el, 3, 1] = -Esegundos [r 76] - Eangul os [r 27, r26] - Et or si on;
psi [-€2, 2, 3] = Etorsion;
psi [e2, 3, 2] = Etorsion;
psi [e2, 1, 3] = Etorsion;
psi [-€2, 3, 1] = Etorsion;
psi [-€1, 3, 2] = Etorsion;

psi [el, 2, 3] = Etorsion;
psi [el, 1, 2] = Etorsi on;
psi [-€1, 2, 1] = Etorsion;
psi [e3, 1, 2] = Etorsion;
psi [-€3, 2, 1] = Etorsion;
psi [-€3, 1, 3] = Etorsion;
psi [e3, 3, 1] = Etorsion;

psi [€2, 2, 2] = -Etorsion;

psi [-€2, 2, 2] = -Etorsion;
psi [el, 3, 3] = -Etorsion;
psi [-€1, 3, 3] = -Etorsion;
psi [el, 1, 1] = -Etorsion;
psi [-€1, 1, 1] = -Etorsion;
psi [e3, 2, 2] = -Etorsion;
psi [-€3, 2, 2] = -Etorsion;

[e3, 3, 3] = -Etorsion;
[-€3, 3, 3] = -Etorsion;

ps
ps
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psi [e2, 1, 1] = -Etorsion;
psi [-€2, 1, 1] = -Etorsion;

6 = {61, 62};

cero = {0, 0};

el = {1, 0};

e2 = {0, 1};

e3 ={-1, 1};

fl =Exp[-I x6.#] &

(xmont anos | as transformadas de | as psi %)

Fpsi 11 = psi [0, 1, 1] fl [cero] +psi [el, 1, 1]fl [el] +
psi [-€l, 1, 1]fl [-el] +psi [€2, 1, 1] fl [e2] +psi [-€2, 1, 1]fl [-e2];

Fpsi 22 = psi [0, 2, 2] fl [cero] +psi [e2, 2, 2] fl [e2] +
psi [-€2, 2, 2] fl [-e2] +psi [€3, 2, 2] fl [e3] +psi [-€3, 2, 2] fl [-e3];

Fpsi 33 = psi [0, 3, 3] fl [cero] +psi [e3, 3, 3]1fl [e3] +
psi [-€3, 3, 3]fl [-e3] +psi [el, 3, 3]1fl [el] +psi [-€l, 3, 3] fl [-el];

Fpsi 12 =
psi [0, 1, 2] fl [cero] +psi [e2, 1, 2] fl [e2] +psi [el, 1, 2] fl [el] +psi [€3, 1, 2] fl [e3];

Fpsi 21 = psi [0, 2, 1] fl [cero] +
psi [-€2, 2, 1]fl [-e2] +psi [-€l, 2, 11 fl [-el] +psi [-€3, 2, 1]1fl [-e3];

Fpsi 13 =
psi [0, 1, 3] fl [cero] +psi [el, 1, 3]fl [el] +psi [e2, 1, 3]fl [e2] +psi [-€3, 1, 3]fl [-e3];

Fpsi 31 = psi [0, 3, 1] fl [cero] +
psi [-€l, 3, 1]fl [-el] +psi [-€2, 3, 1] fl [-e2] +psi [e3, 3, 1]fl [e3];

Fpsi 23 = psi [0, 2, 3] fl [cero] +
psi [-€3, 2, 3]fl [-e3] +psi [-€2, 2, 3]1fl [-e2] +psi [el, 2, 3]fl [el];

Fpsi 32 =
psi [0, 3, 2] fl [cero] +psi [e€3, 3, 2] fl [e3] +psi [e2, 3, 2] fl [e2] +psi [-€1, 3, 2] fl [-el];

(»nONtanos la matriz con las tranformadas de |as psi, Fpsi )
Fpsi = {{Fpsi 11, Fpsi 12, Fpsi 13}, {Fpsi 21, Fpsi 22, Fpsi 23}, {Fpsi 31, Fpsi 32, Fpsi 33}};

Q= {{1’ 1’ 1}’ {_eiGZ’ _1, _ei(eZ-sl)}};
(*Defininpbs CQ conp | a conjugada de Q)
(:Q={{1’ 1’ 1}, {_e—iezy _1’ _e—i(92—61)}};
TCQ= Transpose [CQ];

Ffill =Sum[Q[[1, i 1] «Fpsi [[i, j]11+TOQC[j, 111, {i, 1, 3}, {j, 1, 3}];
Ffi12 = Sum[Qr[1, i 11 «Fpsi [[i, j11*TCQLLj, 211, {i, 1, 3}, {j, 1, 3}
Ffi21=SumlQ[[2, i]]«Fpsi [[i, j]11+TCQLLj, 111, {i, 1, 3}, {j. 1, 3}
Ffi22 =SumiQr[2, i 11 «Fpsi [[i, j11+TCQLLj, 211, {i, 1, 3}, {j. 1, 3}

(xDeshacenps | a transfornmaci 6n para hallar las Fi %)



f2=Exp[l = {01, 62}. #] &
(*pri meros veci nosx)

Fiol=(1/2%Pi)"2) xIntegrate[Ffi
Fio2=(1/ (2%xPi)"2) xIntegrate[Ffi
Fio3=(1/ (2%xPi)"2) xIntegrate[Ffi

(*segundos veci nosx)

Fiod=(1/2%xPi)yr2) xIntegrate[Ffi
Fio5=(1/ (2%xPi)"2) xIntegrate[Ffi
(17 (2%Pi)r2) xIntegrate[Ffi
(17 (2=%Pi)~2) xIntegrate[Ffi
(17 (2=%Pi)~2) xIntegrate[Ffi
Fio9=(1/ (2%xPi)"2) xIntegrate[Ffi

Fi 06
Fi 07
Fi 08

Sinplify[FiO0l] // MatrixForm
Sinplify[Fi02] // MatrixForm
Sinplify[Fi03] // MatrixForm

Fi 04 7/ Matri xForm
Fi 05 // Matri xForm
Fi 06 // Matri xForm
Fi 07 7/ Matri xForm
Fi 08 // Matri xForm
Fi 09 // Matri xForm

Out[1067]//MatrixForm=

-al 0 0
6yl
o -2
3y2
0 0 _2¥
dz
Out[1068]//MatrixForm=
ol 9yl V3 (d?01-6+v1) 0
4 22 442
V3 (dz al-6 7{1) 3 21
—_—— = |-al - 0
42 4 d2
3y2
0 0 -2
d2
Out[1069]//MatrixForm=
al 91 V3 (dz al-6 yl)
4 2 442
7\/3 (dzal—Gyl) 73011 B 3v1 0
44d2 4 2d?
3y2
0 0 -2
dZ
Out[1070]//MatrixForm=
3yl v 3 ¥yl 0
4d? 4d?
3yl 4d2 02+y1
i _4dia2id g
4d? 4.d?
9]
0 0 -—
3d?
Out[1071]//MatrixForm=
302 V3 (d?o2+2+1)
AT otk e A ¢
4 442
3 a2 1 2yl
ezl (-az + d—z) 0
S
0 0 -—

12
12
12

11
11
11
11
11
11
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xf2[e2], {e1, -Pi, Pi}, {82, -Pi, Pi}];
«f2[e3], {e1, -Pi, Pi}, {82, -Pi, Pi}l;
«»f2[{0, 0}]1, {e1, -Pi, Pi}, {82, -Pi, Pi}1;

«f2[e3], {el, -Pi, Pi}, {€2, -Pi, Pi}I;
xf2[-el], {el, -Pi, Pi}, {62, -Pi, Pi}l;
xf2[-e2], {o1, -Pi, Pi}, {62, -Pi, Pi}l;
»f2[-e3], {o1, -Pi, Pi}, {62, -Pi, Pi}l;
xf2[el], {el, -Pi, Pi }, {62, -Pi, Pi}];
xf2[e2], {e1, -Pi, Pi}, {62, -Pi, Pi}l;
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Out[1072]//MatrixForm=

302 V3 (d?o2+2v1)

_ 2% - 70

4 4.d?

3 a2 1 2yl
S22 L (a2 B 0

S5
0 0 -—
3d?
Out[1073]//MatrixForm=

3yl V3 vyl
= 0
4d? 4d?
Y 3yl B 4d2 02+y1 0

4d? 4 d?

9]
0 0 -—
3d?
Out[1074]//MatrixForm=

_3a2 V3 a2 0

4 4
V3 (dz a2+2 71) 1 2y1
_— 2 |-02+=] O

4 d2 4 q2
1)
0 0 -—
3d?

Out[1075])//MatrixForm=

_3a2 _ N3 a2 0
4 4
V3 (d?o2+2v1) 1 241
S ol A P Y ) 0
re 4 &
0 0 _5
3d?

inges):= Fi 00 = Sinmplify[-(FiOl+Fi02+Fi03+Fi04+Fi05+FiO6+F 07+Fi08+Fi09)]//MtrixForm

Out[868]//MatrixForm=

3 5vy1

S (a+202422) 0 0

0 3 leav2a2+52) 0
9v2+2 6

0 0 Yd_z

In[1076]:=
Text Cel | ["psi [0,1,1]="]
psi [0, 1, 11 // Matri xForm
Text Cel | ["psi [0, 2,2]1="]
psi [0, 2, 2] // MatrixForm
Text Cel | ["psi [0, 3,31="1
psi [0, 3, 3] // Matri xForm
Text Cel | ["psi [0,1,2]="]
psi [0, 1, 2] // MatrixForm
TextCel | ["psi [0,2,1]1="]
psi [0, 2, 11 // Matri xForm
Text Cel | ["psi [0, 1,3]1="]
psi [0, 1, 3] // MatrixForm
Text Cel | ["psi [0, 3,1]1="]
psi [0, 3, 11 // Matri xForm
Text Cel | ["psi [0, 2,3]1="]
psi [0, 2, 3] // MatrixForm
Text Cel | ["psi [0, 3,2]1="]
psi [0, 3, 2] // Matri xForm
Text Cel | ["psi [0, 3,2]="]
psi [-€3, 2, 3] // MatrixForm
TextCel | ["psi [-€3,2,3]1="]
psi [€3, 3, 2] // Matri xForm
Text Cel | ["psi [€2,1, 2]="]
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psi [e2, 1, 2] // MatrixForm
Text Cel | ["psi [-€2,2,1]1="]
psi [-€2, 2, 1] // MatrixForm
Text Cel | ["psi [€1,1,3]1="]

psi [el, 1, 3] // MatrixForm
Text Cel | ["psi [-€1,3,1]="]
psi [-el, 3, 1] // MatrixForm
Text Cel | ["psi [-€2,2,3]="]
psi [-€2, 2, 3] // MatrixForm
Text Cel | ["psi [€2,3,2]="]

psi [e2, 3, 2] // MatrixForm
Text Cel | ["psi [€2,1,3]1="]

psi [e2, 1, 3] // MatrixForm
Text Cel | ["psi [-€2,3,1]="]
psi [-€2, 3, 11 // MatrixForm
Text Cel | ["psi [-€1, 3, 2]="]
psi [-€l, 3, 2] // MatrixForm
Text Cel | ["psi [€1, 2,3]="]

psi [el, 2, 3] // MatrixForm
Text Cel | ["psi [€1,1,2]="]

psi [el, 1, 2] // MatrixForm
Text Cel | ["psi [-€1, 2,1]="]
psi [-el, 2, 1] // MatrixForm
Text Cel | ["psi [€3,1,2]9="]
psi [€3, 1, 2] // MatrixForm
TextCel | ["[-€3,2,1]="]

psi [-e3, 2, 1] // MatrixForm
TextCel | ["psi [-€3,1,31="]
psi [-€3, 1, 3] // MatrixForm
TextCel | ["psi [€3,3,1]="]

psi [€3, 3, 1] // MatrixForm
Text Cel | ["psi [€2,2,2]="]

psi [€2, 2, 2] // MatrixForm
TextCel | ["psi [-€2,2,2]="]
psi [-€2, 2, 2] // MatrixForm
Text Cel | ["psi [€1, 3,3]1="]

psi [el, 3, 31 // MatrixForm
Text Cel | ["psi [-€1, 3,3]="]
psi [-el, 3, 3] // MatrixForm
Text Cel | ["psi [€1,1,1]="]

psi [el, 1, 1] // MatrixForm
TextCel | ["psi [-€1,1,1]="]
psi [-el, 1, 1] // MatrixForm
Text Cel | ["psi [€3,2,2]="]

psi [€3, 2, 2] // MatrixForm
TextCel | ["si [-€3,2,2]="]

psi [-€3, 2, 2] // MatrixForm
Text Cel | ["psi [€3,3,31="1]

psi [€3, 3, 3] // MatrixForm
Text Cel | ["psi [-€3, 3,3]="]
psi [-€3, 3, 3] // MatrixForm
Text Cel | ["psi [€2,1,1]="]
psi [e2, 1, 1] // MatrixForm
Text Cel | ["psi [-€2,1,1]="]
psi [-€2, 1, 1] // MatrixForm

ou1076)= psi [0,1,1]=
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Out[1077]//MatrixForm=
al+3a2 0 0
4v1
0 a2 + - 0
2 45
0 0 r L=
2 3d?
out[1078= psi [0, 2, 2] =
Out[1079]//MatrixForm=
al  3a2 3yl V3 al V3 a2 V331 0
R R T N T
ﬁa1+ﬁa2_ﬁy1 301 , 502 v1 0
4 2 a2 4 2 o2
0 0 2, 4%
d? 3d?
out[1080)= psi [0, 3,3]=
Out[1081]//MatrixForm=
ol 302 31 V3 a1l V3 a2 \/?7{10
4 2 d? 4 2 e
V3ol V3 a2 V3 yl 30l 542 vl
0
T4 T T2 tTg % T2 T g
2 45
0 0 r L=
2 3d?
out[1082)= psi [0, 1,2]=
Out[1083]//MatrixForm=
_ 3a2 _ V3 a2 0
4 4
V3 a2 V3w L2 g
4 2d? 4 2d?
2 5
0 0 L
2 3d?
ou[1084)= psi [0,2,1]=
Out[1085]//MatrixForm=
_3a2 V3 a2 V31 0
4 4 24
_V3a a2 A 0
4 4" 2
2 5
0 0 L
a2 3d?
out[1086]= psi [0, 1,3]=
Out[1087]//MatrixForm=
B 3a2 NERY) 0
) )
V3 a2 V31 2 a1
4 2d? 4 2d?
2 5
0 0 r._ 2
2 3d?
ou[108g)= psi [0, 3,1]=
out[1090)= psi [0, 2,3]=
Out[1091]//MatrixForm=
3yl NERY! 0
4d2 44d2
7\/?)/1 a2 - ﬁ 0
442 442
2 5
0 0 r._ 2
a2 3d?

out[1092]= psi [0, 3,2]=
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Out[1093]//MatrixForm=

3yl V3 vyl

— - 0

4d? 4d?

3 y1 1

SETRE R N

442 402
2 5

0 0 r _ o
d2  3d?

out[1094]= psi [0, 3,2]=

Out[1095]//MatrixForm=
3yl A3 vl 0

4d2 4.4d2
_ \Eyl _o2 - ¥l 0
4d2 4.d2
0 0 _ 5
3d2
ou[1096)= PSi [-€3,2,3]=
Out[1097]//MatrixForm=
3y1 ERT
4d2 4d2
\/?7{1 ¥l
-a2--—-—= 0
4.d2 4.d2
0 0 __5
3d?2
out[1098]= psi [€2,1,2]=
Out[1099]//MatrixForm=
_ 3a2 _ V3 o2 0
4 4
V3 a2 31 2 a1y
4 2d 47 2
0 0 __5
3d2
ou[1100]= PSi [-€2,2,1]=
Out[1101])//MatrixForm=
_3a2 V3 a2 31 0
4 4 2d2
_ V3 a2 _ E N vl 0
4 4o
0 0 __5
3d?2
ouf[1102)= psi [€1,1,3]=
Out[1103]//MatrixForm=
302 V3 a2 0
4 4
ﬁa2+ﬁy1 2 a1y
4 2a2 4o
e}
0 0 “3F

ouf1104)= psi [-€1,3,1]=

Out[1105]//MatrixForm=
_ 3a2 V3 a2 V3 vyl 0

4 4 * 2d?
V3 a2 _g+ vl 0
4 4 2d?
S
0 0 -—=
3d?

ou[1106)= PSi [-€2,2,3]=
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Out[1107]//MatrixForm=
0 0O
0 0O
<}
00 Y

out[1108]= psi [€2,3,2]=

Out[1109]//MatrixForm=
0 0O

0 0O

5
OOW

ouf[1110= psi [€2,1,3]=

Out[1111]//MatrixForm=
0 0O
0 0O
<}
00 Y

ou1112]= psi [-€2,3,1]=

Out[1113]//MatrixForm=
0 0 O
0 0 O
&
0 0 IE

ouf1114)= psSi [-€1,3,2]=

Out[1115]//MatrixForm=
0 0O
0 0O
<}
00 3

out1116)= psi [e€l,2,3]=

Out[1117]//MatrixForm=
0 0 O

0 0O

5
OOW

ouf1118= psi [€1,1,2]=

Out[1119]//MatrixForm=
0 0O
0 0O

)

ou[1120]= psi [-€1,2,1]=

Out[1121]//MatrixForm=
0 0 O
0 0O
e}
0 0 IE

ou[1122]= psi [€3,1,2]9=

Out[1123]//MatrixForm=
0 0O
0 0O
00 %

3d?
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out1124)= [-€3,2,1]=

Out[1125]//MatrixForm=
0 0O
0 0O
<}
00 YT

out1126]= psi [-€3,1,3]=

ouf1128]= psi [€3,3,1]=

Out[1129]//MatrixForm=
0 0 O
0 0 O
¢}
0 0 IE

ouf[1130)= PpSi [€2,2,2]=

Out[1131]//MatrixForm=
0 0O
0 0O
00 -2

3d?

ou[1132]= pSi [-€2,2,2]=

Out[1133]//MatrixForm=
0 0 O
0 0 O
00 -°

3d?

ouf[1134)= psi [€1, 3,3]=

Out[1135]//MatrixForm=
0 0O
0 0O
00 -2

3d?

out[1136]= psi [-€1,3,3]=

Out[1137]//MatrixForm=
0 0O
0 0O
00 -2

3d?

ouf[1138= psi [€1,1,1]=

Out[1139]//MatrixForm=
0 0O
0 0O
00 -2

3d?

ouf1140)= psSi [-€1,1,1]=

Out[1141]//MatrixForm=
0 0 O
0 0O
00 -2

3d?

out[1142]= pSi [€3,2,2]=
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Out[1143]//MatrixForm=
0 0O

0 0O

5
OO—W

out[1144]= Si [-€3,2,2]=

Out[1145]//MatrixForm=

0 0O
0 0O

5
OO—W

out1146)= psi [€3,3,3]=

Out[1147]//MatrixForm=
0 0O

0 0O

5
OO—W

out[1148= PSi [-€3,3,3]=

Out[1149]//MatrixForm=

0 0O
0 0O

5
OO—W

ouf[1150= psi [€2,1,1]=

Out[1151]//MatrixForm=
0 0O

0 0O

5
OO_W

ou[1152]= psi [-€2,1,1]=

Out[1153]//MatrixForm=
0 0 O

0 0O

5
OO—W

In[869]:=

(xdi stancia interatom ca en grafenox)

d=1.42%10" (-10);
(xconstantes de Aizawa en el
al =7.28%x10"6;

a2 =1.24 %107 6;

¥l =8.31%10" (-19);

¥2 =3.38 10" (-19);
6=3.17%10" (-19);

Sinplify[Fi01] // MatrixForm
Sinplify[Fi02] // MatrixForm
Sinplify[Fi03] // MatrixForm

Fi 04 // Matri xForm
Fi 05 // Matri xForm
Fi 06 // Matri xForm
Fi 07 7/ Matri xForm
Fi 08 // Matri xForm
Fi 09 // Matri xForm

sistema métricox)
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Out[875]//MatrixForm=

-7.28x10° 0 0

0 -247.272 0

0 0 -50. 2876
Out[876]//MatrixForm=

~1.82019x10° 3.15223x10° 0O

3.15223x10°  -5.46006 x10° 0

0 0 -50. 2876
Out[877]//MatrixForm=

~1.82019x10° -3.15223x10° 0O

-3.15223x10° -5. 46006 x10° 0

0 0 -50. 2876
Out[878]//MatrixForm=

30.909 -17.8453 0

17.8453 -1.24001x10° 0

0 0 -5. 24036
Out[879]//MatrixForm=

-930000. 536971. 0

536 936. -309979. O

0 0 -5.24036
Out[880]//MatrixForm=

-930000. -536971. O

-536936. -309979. O

0 0 -5. 24036
Out[881])//MatrixForm=

30. 909 17. 8453 0

-17.8453 -1.24001x10° 0

0 0 -5. 24036
Out[882]//MatrixForm=

-930000. 536936. 0

536 971. -309979. O

0 0 -5. 24036
Out[883]//MatrixForm=

-930000. -536936. O

-536971. -309979. O

0 0 -5. 24036



