o= (x@DDKEDH EBEM S AR X OBIEREE (Ruge-Kuttaik) THEC
gz=s/L, q2= PL*2/EI )

ne- (+HEBR dr2 psi(gz) /d gzr2+q2xCos[psi(gz)1==0 , (2. 10) «)

na= (#FZDNERE q DEET, gz=0 Tpsi[0]=0, psi'[0]=a LHEHBICHHAE a ZRELT,
a BEELEHND psi'[1]=0 (FEWMTEAVMDO)ELEIRERT «)

= (#lEUBHIC, ﬁﬁEqZ(ﬁE), psil(ﬁ'&ﬁtb%ﬁ)ﬂ)ﬁt’(‘, psi' [a] B ELEABRERDITS+)

ns= q2 = 1.69; psil = 0.1;
Do[

ansl = NDSolve[{psi''[gz] +q2 * Cos[psi[gz]] == O,
psi[@] == @, psi'[@] == psil}, psi, {gz, 0, 1}][[1]];
psi2 = psi1 +9.1;

ans2 = NDSolve[{psi''[gz] +q2 » Cos[psi[gz]] == O,

psi[@] == @, psi'[@] = psi2}, psi, {gz, 0, 1}][[1]];
graph = Plot [Evaluate[D[psi[gz] /. ans1, gz]], {gz, @, 1}, PlotRange -» All,

Frame -» True, GridLines -» Automatic, PlotStyle -» Thick];
psidl = Evaluate[D[psi[gz], gz] /. ans1] /. gz > 1;
psid2 = Evaluate[D[psi[gz], gz] /. ans2] /. gz » 1;
Print["psi'[@]=", Evaluate[D[psi[gz], gz] /. ansl] /. gz - 0,
", ", "psi'[1]=", psi'[1] /. ans1l, " , ", "psi[1]=", psi[1] /. ansl];
psil = psi2;
If[psidl % psid2 < @, Break[]], {i, 1, 50, 1}];
Print[psi1-0.1, " , ", psi2]

graph
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psi'[0]=0.1 , psi'[1]=-1.50608 , psi[1]=-0.73169
psi'[0]=0.2 , psi'[1]=-1.43146 , psi[1]=-0.636525
psi'[0]=0.3 , psi'[1]=-1.352 , psi[1]=-0.540044
psi'[0]=0.4 , psi'[1]=-1.26745 , psi[1]=-0.442211
psi'[0]=0.5 , psi'[1]=-1.1776 , psi[1]=-0.342998
psi'[0]=0.6 , psi'[1]=-1.08224 , psi[1]=-0.242378
psi'[0]=0.7 , psi'[1]=-0.981208 , psi[1]=-0.140333
psi'[0]=0.8 , psi'[1]=-0.874365 , psi[1]=-0.0368467
psi'[0]=0.9 , psi'[1]-=-0.761603 , psi[1]-0.0680885
psi'[@]=1. , psi'[1]=-0.642854 , psi[1]=0.174475

psi'[@]=1.1 , psi'[1]=-0.518092 , psi[1]=0.282309

psi'[@]=1.2 , psi'[1]=-0.387338
psi'[@]=1.3 , psi'[1]=-0.250657
psi'[@]=1.4 , psi'[1]=-0.108171

, psi[1]=0.391578
, psi[1]=0.502264

, psi[1]=0.614341

1.4, 1.5

out[7}= ———\_—‘\—__\

ne= (#x1, x2 (dpsi'[1] DRERTHHHAE+)

nor= (* ROXEROIEHESEEF->THHA{Epsi' [0]1EKRMHZ—>IVT,

RR7—3%&, TBERHFTEREARM L, TV REHMR)
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nop= q2 = 1.69; x1 =1.4; x2 =1.5;
Do[

ansl =
NDSolve[{psi''[gz] +q2 « Cos[psi[gz]] = @, psi[@] = @, psi'[@] = x1}, psi, {gz, 0, 1}];

ans2 = NDSolve[{psi''[gz] +q2 » Cos[psi[gz]] == @, psi[@] == @, psi'[O] = x2},

psi, {gz, @, 1}];
fl = (Evaluate[D[psi[gz] /. ans1, gz]] /. gz > 1)[[1]];

f2 = (Evaluate[D[psi[gz] /. ans2, gz]] /. gz->1)[[1]];

x12 = (x1 % f2-Fflxx2) / (f2-F1);
ans12 = NDSolve[

{psi''[gz] +q2« Cos[psi[gz]] == @, psi[@] == @, psi'[O] == x12}, psi, {gz, 0, 1}];
f12 = (Evaluate[D[psi[gz] /. ans12, gz]] /. gz-> 1) [[1]];

If[fl*fl2 <0, {x1=x1;

X2 = x12;
fl=f1;
f2 = f12;}, {x1 = x12;
X2 = X2;
f1 = f12;

f2=12;}11;
If[Abs[x2 - x1] <= 1E-10, Break[]];

, {i, 1, 10, 1}1; Print["x1=", x1, " , ", "x2=", x2, " , ", "x12=", x12];
graph = Plot [Evaluate[D[psi[gz] /. ans1, gz]], {gz, 0, 1},
PlotRange - All, Frame - True, GridLines -» Automatic, PlotStyle - Thick];
psidl = Evaluate[D[psi[gz], gz] /. ans1] /. gz > 1;
x = NIntegrate[Cos [Evaluate[psi[gz] /. ans1]], {gz, 9, 1}];
y = NIntegrate[Sin[Evaluate[psi[gz] /. ans1]], {gz, 0, 1}];
Print["psi[1]=", (psi[1] /. ansl) [[1]] 180 /Pi, " , ", "psi'[1]=", psidl[[1]]]

graph
x1=1.47339 , x2=1.47339 , x12=1.47339

psi[1]=39.9616 , psi'[1]=-5.07214x1871®
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In[17]:= (*uJ:’é—:)o)?D’J'ﬁL\(:itU)é*)
= (#1. q BHZZ(ADLEOEMSES). 2. BOGFHEHERTE, 3. Z0RICHAESLE 4. HEREOEH+)

nfoy= psil = @0.1;
Print[" g*2 psi'[@] psi[1] (deg) psi'[1] u/L w/L "];

Do [

(#lZUBIC, psi'[1] OFELILEIRZD+)
Do[
ans1 = NDSolve[{psi '’ [gz] + q2 « Cos[psi[gz]] = O,
psi[@] == @, psi'[@] == psil}, psi, {gz, @, 1}][[1]];
psi2 = psil+0.1;

ans2 = NDSolve[{psi''[gz] +q2 » Cos[psi[gz]] == O,

psi[@] == @, psi'[@] == psi2}, psi, {gz, @, 1}]1[[1]];
psidl = Evaluate[D[psi[gz], gz] /. ans1] /. gz > 1;

psid2 = Evaluate[D[psi[gz], gz] /. ans2] /. gz -» 1;
(*Print["psi'[@]=",Evaluate[D[psi[gz],gz]/.ansl]/.gz~0,

", ","psi'[1]=",psi'[1]/.ans1," , ","psi[1]=",psi[1]/.ans1];%*)
psil = psi2;
If[psidl % psid2 < @, Break[]]
» {1, 1, 50, 1}];

(*Print[psil-0.1," , ",psi2]«x)

(+NTROFEBANRIOL. RISRHELEK )

x1 = psil-0.1; x2 = psi2;
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Do
ansl = NDSolve[
{psi''[gz] +q2 xCos[psi[gz]] == @, psi[@] == @, psi'[O@] = x1}, psi, {gz, 9, 1}];
ans2 = NDSolve[{psi''[gz] +q2 x Cos[psi[gz]] == @, psi[@] == @, psi'[0@] = x2},

psi, {gz, @, 1}];
fl = (Evaluate[D[psi[gz] /. ansl, gz]] /. gz > 1)[[1]];

f2 = (Evaluate[D[psi[gz] /. ans2, gz]] /. gz->1)[[1]];

x12 = (X1 +f2-fl%x2) / (f2-f1);
ans12 = NDSolve[

{psi''[gz] +q2 x Cos[psi[gz]] == @, psi[@] == @, psi'[O] == x12}, psi, {gz, @, 1}];
f12 = (Evaluate[D[psi[gz] /. ans12, gz]] /. gz > 1) [[1]];

If[fl+f12 <0, {x1 = x1;

X2 = x12;
f2 = 125}, {x1 = x12;
X2 = X2;
f1 = f12;

f2=12;}11;
If[Abs[x2 - x1] <= 1E-10, Break[]];

, {i, 1, 10, 1}7;

(*Print["x1=",x1," , ","x2=",x2," , ","x12=",x12];*)
graph = Plot [Evaluate[D[psi[gz] /. ans1, gz]], {gz, 0, 1},

PlotRange - All, Frame - True, GridLines - Automatic, PlotStyle - Thick];
psidl = Evaluate[D[psi[gz], gz] /. ans1] /. gz > 1;
x = NIntegrate[Cos [Evaluate[psi[gz] /. ans1]], {gz, @, 1}1[[1]];
y = NIntegrate[Sin[Evaluate[psi[gz] /. ans1]], {gz, @, 1}1[[1]];
Print[q2, " , ", x12, " , ",

(psi[1] /. ans1) [[1]] »180/Pi, " , ", psidi[[1]], " , ", x, " , ", y]

» {92, 0.5, 10, 0.5}]; (*graphx)

qr2 psi'[@] psi[1] (deg) psi'[1] u/L w/L

0.5 , 0.492041 , 14.0107 , -1.56192x10 ** , ©.984081 , 0.162144
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1. , 0.943567 , 26.4335 , -1.90675x10°'° , ©.943567 , 0.301721
1.5, 1.33809 , 36.6429 , -2.23148x10'° , 0.892058 , 0.410978
2., 1.67872 , 44.791 , -1.28032x10'® , 9.839358 , 0.493457

2.5, 1.9751 , 51.2795 , -3.25526x10'° , ©.790042 , ©.555659
3., 2.23674 , 56.4946 , -6.39246x10°%° , 0.74558 , ©.603253

3.5, 2.47121 , 60.7402 , -1.90391x10 ' , 0.706061 , 0.640392
4. , 2.68424 , 64.2423 , -5.33066x10 '® , 0.671059 , 0.669964
4.5 , 2.88006 , 67.1666 , -6.38778x10 ° , 0.640013 , 0.693967
5., 3.06186 , 69.6355 , -3.60959x10'° , ©.612372 , 0.713792
5.5, 3.23204 , 71.7403 , -9.28778x10°'® , 0.587644 , 0.730423
6. , 3.39247 , 73.5504 , -6.28736x10 ' , 0.565411 , 0.744571
6.5 , 3.54457 , 75.119 , -4.85107x10 " , ©.545319 , 0.756757
7. , 3.68951 , 76.4876 , -5.74962x10** , ©.527073 , 0.767369
7.5, 3.82819 , 77.6889 , -2.58828x10 ' , 0.510426 , 0.776702
8. , 3.96138 , 78.7491 , -3.26935x10 ' , ©.495172 , 0.784982
8.5 , 4.08968 , 79.6895 , -5.79619x10 ' , 0.481139 , 0.792387
9. , 4.21362 , 80.5272 , -1.31383x10 ° , 0.468179 , 0.799056
9.5, 4.33361 , 81.2766 , -3.64541x10 ™ , 0.45617 , 0.8051

10. , 4.45004 , 81.9493 , -1.55664x10'* , 0.445004 , 0.810609

nezp= (*ATFICHEMAB R BERTH, Runge-Kutta fRIEFEAEEMTESRIC—F+)



(*

psi®@ p gq*2 delta/L (L-Delta)/L) sigma@
0.,0.707107, 0, 0 » 0. »0.
2.5,0.722364,0.0873274,0.0290838,0.999492,0.0872831
5.,0.737277,0.175021,0.0581376,0.99797,0.174666
7.5,0.75184,0.263453,0.0871313,0.995433,0.26225
10.,0.766044,0.353003,0.116035,0.991884,0.350138
12.5,0.779884,0.444065,0.14482,0.987325,0.438437
15.,0.793353,0.537053,0.173455,0.981758,0.527256
17.5,0.806445,0.632405,0.201913,0.975188,0.616714
20.,0.819152,0.730592,0.230164,0.967617,0.706933
22.5,0.83147,0.832121,0.25818,0.959051,0.798046
25.,0.843391,0.937551,0.285935,0.949493,0.890198
27.5,0.854912,1.0475,0.3134,0.938948,0.983544
30.,0.866025,1.16264,0.340551,0.927422,1.07826
32.5,0.876727,1.28375,0.367362,0.914919,1.17453
35.,0.887011,1.41171,0.393808,0.901442,1.27257
37.5,0.896873,1.54751,0.419867,0.886997,1.37263
40.,0.906308,1.6923,0.445517,0.871586,1.47498
42.5,0.915311,1.84742,0.470738,0.855211,1.57994
45.,0.92388,2.01447,0.495511,0.837871,1.68786
47.5,0.932008,2.1953,0.51982,0.819565,1.79919
50.,0.939693,2.39217,0.543651,0.800287,1.91442
52.5,0.94693,2.60781,0.566993,0.780028,2.03417
55.,0.953717,2.84559,0.589836,0.758772,2.15915
57.5,0.96005,3.10968,0.612178,0.736498,2.29027
60.,0.965926,3.40541,0.63402,0.713174,2.42865
62.5,0.971342,3.73963,0.655369,0.688756,2.57569
65.,0.976296,4.12138,0.676242,0.66318,2.73322
67.5,0.980785,4.56289,0.696667,0.63636,2.90364
70.,0.984808,5.0812,0.716688,0.60817,3.09023
72.5,0.988362,5.70096,0.736375,0.57843,3.29761
75.,0.991445,6.45953,0.755834,0.546873,3.53254
77.5,0.994056,7.41706,0.775232,0.513086,3.80559
80.,0.996195,8.67877,0.794849,0.476389,4.13447
82.5,0.997859,10.4521,0.815193,0.435559,4.55252
85.,0.999048,13.2333,0.837329,0.38802,5.13477

*)
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