Rayleigh.nb

Rayleigh, Ritz-Galerkin

1. Rayleigh - Quotiont berechnen mit Versuchsfunktionen

xL = 1;

Rly_, x1 ] :=-Nntegrate[y''[x] y[x], {x, 0, x1}]/
Nintegrate[ x y[x]”2, {x, 0, x1}1;

ylx_, 1] :=Sin[(Pi)/xL x];

ylx_, 2] :=x Sin[(Pi)/xL x];

ylx_, 3] :=Sgrt[x] Sin[(Pi)/xL x];

ylx_, 4] :=8Sagrt[xL - x] Sin[(Pi)/xL x];

y[x_, 51 :=x(x - xL);

ylx_, 6] :=x (x - xL)"2;

ylx_., 71 :=x"2 (x - xL);

y[x_, 8] :=x"2 (x - xL)"2;

ylx_, 91 :=x"3 (x - xL)"3;

y[x_, 10] := x4 (x - xL)"4;
Table[y[x_] :=y[x, kl; {k, y[x], Ry, xL]}, {k, 1, 10}] // MatrixForm

1 Sin[nx] 19. 7392
2 xSin[nx] 21. 7797
3 /X Sin[nx] 19. 6135
4 J1-x Sin[nx] 25.5109
5 (-1 +X) X 20.

6  (-1+x)%x 37.3333
7 (-1 +x) x?2 22.4

8 (-1+x)%x2 24,

9 (-1+x)%x3 31.2

10 (-1 +x)%x4 38. 8571

Tabl e[ Plot[y[ x, s], {x,0,xL}],{s, 1, 10}];
1,

0.8




Rayleigh.nb

e

© o o o

e
o1

© o o o

0.2 0.4 0.6 0.8




Rayleigh.nb

0.14¢
0.12¢

0.1
0.08
0.06
0.04}
0.02¢

0.2 0.4 0.6 0.8 1

-0.02¢
-0.04}
-0.06|
-0.08}

-0.1}
-0.12¢
-0.14}

0.04}

0.03}

-0.0025

-0.005

-0.0075

-0.01

-0.0125

-0.015




Rayleigh.nb

0.004

0.003

0.002 |

0.001

2. Eigenwert numerisch berechnen

Ausprobieren

Rermove["d obal ™ " ]
xL = 1;

solv =DSol ve[{y"'"' [X] == -kXy[Xx]}, V¥, X]//Flatten

k x

{y > Function|{x}, AiryA [—W

| C[1] + Ai ryBi [_W}cm]}

Integrate[ AiryAi[z], z]

—[z (—3Gan’ma[%]Gan’ma[%]I—IypergeorretricPFQ[{%}, {% %} £]+
4 5 z3

b (g 3k &)/

2
3137 Gamm[%] Hyper georet ri cPFQ] {

1)

w| N

CEES Gamm[%] Garma[%} Gamma |

w| o

Integrate[ AiryBi[z], z]

(z (32/3Gamra[%} Gan’ma[%] Hypergeon*etricPFQ[{%}, {% %} %} +
zGarma[%}zl-typergeorTetricPFQ[{%}, {% %} g])]/
(335/6(3am[%}eamm[%]eamm[%])

yy[x_1:=(y[x] /. solv) /. {C[1] »cl, C[2] »cC2}

yy [X]

. . k x . ) k x
cl AiryA [—W} +C2 Ai ryBi [—W}
yy [0]

cl . c2
323Gamma[5] 3V6Ganmal %]
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yy[01 7/ N
0. 355028 c1 +0.614927c2

YYIX1[[111[[2]]
k x
]

Ai ryAi PW

yyI[x1[[111[[2]]1/. x>0

1
32/3 Ganma[ % ]

YYI[X1[[2]11[[2]]
k x
]

Ai ryBi PW

yy[x1[[2]11[[2]]1/. x>0

1
316 Gamma[ 2]

sol vel = Sol ve[yy[0] ==0, {c1}] //Flatten

{c1--/3 c2}

yylix_]:=yyI[x] /. solvel; yyl[x]

-+/3 c2 Ai ryAi [—%} +C2 Al ryBi [—%}
Nochmals

Renove["d obal ™~ %" ]

solv = DSolve[{y''[x] == -k x y[x], y[0] ==

{y > Function[{x}, -/3 AiryA [—%] C[2]

solv = DSolve[{y''[x] == -k x y[x], y[0] ==

yy[x_1:=(y[x]/.solv)/.{C([2] »c2}; yy[x]

k

/3 c2 AiryA {’T)Xz/s} +C2AryBi |- k x ]

0},

Y,

x] // Flatten

k x

+ A ryBi [_W] Cr21]}

0},

Y,

x] // Flatten;
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Bemerkung: Reelle k'serzeugen hier komplexe Nenner im Funktionsar gument

Plot [Re[(yy[x] /. {c2-1, k> 19.613548583248857})1, {x, O, 3}1;

0.4+

VAANAWA
1TV

Plot [Im[(yy[x] /. {c2-1, k->19.613548583248857})1, {x, 0, 3}1;

0.75¢}
0.5}

0.25¢}

0.5 1. 2 2.
-0.25¢}
0.5}

-0.75¢%

Fi ndRoot [Re[ (yy[Xx] /. {c2->1, k »19.613548583248857})]1, {X, 1}]

(x - 0.988702)

Fi ndRoot [I m[ (yy[x] /. {c2-1, k->19})1, {x, 1}]

{x - 0.999232}

Fi ndRoot [ I m{ (yy[x]/.{c2-1,x-1})], {k, 19}]

{k - 18. 9563}

Fi ndRoot [ I m{ (yy[x]/.{c2-1, k-»18.9563})], {x, 1}]

{x - 0.999999}

Plot[ Re[ (yy[ x]/.{c2-1, k-18.9563})],{x,-0.1,1.1}];
Plot[Im (yy[x]/.{c2-1, k-»18.9563})],{x,-0.1,1.1}];
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Plot[ Re[ (YY[X]/ Re[yy[0.6]]/.{c2-1,k-»18.9563})] - Inf(yy[x]/Inmyy[0.6]]/.{c2-1, k>
18. 9563}) ]
{x,0,1}];

2.510° 15 |

2:1071° |

1.510 1 |
10 1 |

510 16 |

-510716 ¢

Pl ot [ Chop[Re[ (yy[x]/Re[yy[0.6]]/.{c2-1, k-18.9563})] - Inf(yy[x]/Inmyy[0.6]]/.{c2>
1, k-18.9563})]]
{x,0,3}];
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Zum Ritz-Galerkin-Verfahren

xL=1;
y1l[x_]:=Sin[(Pi)/xL x];
y2[ x_]:=x"2 (x-xL)"2;
y3[ x_]:=x(x-xL);

Alya_,yb_]:= -Integrate[D ya[x],{x, 2}] yb[x],{x,0,xL}];
Blya_,yb_]:= Integrate[x ya[x] yb[x],{x,0,xL}];
Hya_,yb_,a]:= Alya,yb] - X Blya, yb];

m = {

{Hyl,yl, A, Hyl, y2,a,Hyl y3 2]},
{Hy2,y1, 2], Hy2,y2,1,Hy2,y3 2]},
{Hy3,y1l, 2], Hy3,y2, 2, Hy3 y3 2]}
b
Print[m/Sinplify//MtrixForm];
Print[Det[m//N/ExpandAl | //Simplify ];
NSol ve[ Det [ n] ==0, { A} ]

2 2 2
% (2 7,(2 _ )) _ 2 (—12+ﬂﬂg (2 4-2) 2 (—27T1; +A)
2 (-12+7%) (2722 24-2 1
- —NS—)‘ 1260 840 (-56+3 1)
2 (-27242 1 B 202
3 gig (-96+32) 60

-5.93327x10°1* (-692.818 + 1) (-178.23+ 1) (-19.7392+ Q)

{{x>19.7392}, {A->178.23}, {1—>692.818}}

Nochmals: Weitere Eigenwerte

Renmove["d obal ™ "]

solv = DSol ve[{y''[x] == -k x y[x], y[0] ==

{y > Function[{x}, -+/3 AiryAi [—%] Ci2]

solv = DSolve[{y"'[x] == -k x y[x], y[0] ==

yy[x_]:=(y[x]/.solv)/.{(2]-c2}; yy[x]

/3 c2A ryAi [7$} +C2 Al ryBi [*%}
2. Eigenwert

Fi ndRoot [ Re[ (yy[ x]/.{c2-1,x-1})], {k, 178. 23}]

(k - 189. 221)

FindRoot [ I m{ (yy[x]/.{c2-1,x-1})], {k, 189. 221}

(k - 189. 221)

Fi ndRoot [ Re[ (yy[ x]/.{c2-1, k-189. 221})], {x, 1}

{x->1.}

0},

Y,

x] // Flatten

+ Al ryBi [_kix] Cr21]}

0},

]

]

Y,

(7k)2/3

x] // Flatten;
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Fi ndRoot [ I n{ (yy[x]/.{c2-1,

{x->1.}

3. Eigenwert

Fi ndRoot [ Re[ (yy[x]/.{c2-1,

(k > 777.698)

Fi ndRoot [ I n{ (yy[x]/.{c2-1,

{k > 777.698}

Fi ndRoot [ Re[ (yy[x]/.{c2-1,

{x->1.}

Fi ndRoot [ I nf (yy[x]/.{c2-1,

{x->1.}

k-189.221})1, {x, 1}]

x-1})1, {k, 692. 818}]

x-1})1, {k, 777. 698} ]

k-777.698})1, {x, 1}]

k->777.6981)1, {x, 1}]



