(* Par abol i ¢ and Hyperbolic PDE

Taskl: 1.1. Consider the heat equation 8 u(x,t)-c%8y xu(X,t)=
0 for c?=1.The length of the rod is L=
1. Assune that the ends of the rod are held at the tenperature t=
0 (u(O,t)=u(l,t)=0). Assunme that the initial tenperature distribution is
U(x,0) = o(x) = sin(r x)+sin(3x x). Apply the Crank-
Ni col son nethod for a squared grid and obtain tenperature
distributions for t=0,0.01.,0.02,0.03, ---,0. 10.
1.2 Conpare the solution with the exact solution:u(x,t) =
sin(r x)e '™+ sin(3m x)e . *)
Clear [" %"1];
a=0; b=1;,c=0; d
fIx_, y_1=0;
m=11; n=11;
b-a d-c k*coefz_

= ) = r =

m n h2

0.10; coef =1;

r LS 2
1+\/1-(l+r Oos[;]])
Print ["The optimal weighted average is ", N[w]l];

(» 1.1 %) (» The list of points,

where xo and yo are replaced by x; and y;, respectively: =)
X1 =2a; Y1 =¢C;

For[i =1, 1 sm i ++,

Xisr = Xi +hy Print ["x"j,1, "=", Xi.al;1;
For[j =1, <n, j ++,
Yiar=Yj+ ko Print["y"j.a, "=, yiali s

(» As a consequence of the increased initial index,
the last point will be given by (Xmai1, Yns1). *)
(» Initial conditions: =)
u = Table[5.00, {m+1}, {n+1}1;
For[i =1, i <=m+1, i ++, U 13 =Sin[xxj]1+Sin[3nxx;]1;
For[j =1, j <=n+1, j++, Up = 0];
For[j =1, j <=n+l, j ++, uﬂmd,”]:O];
u0 =u; Print["u=", MatrixForm[N[u]l];
Err =1.0;
V\hile[And[Err >0.001, k <507,
Err = 0.0;
For[j =1, J =N, | ++,

For[i =2, 0 sm i ++,

.
Ui, j+11 CWTITTY T @ |UOpgi41,jy +Upi-1,j7 +U0pgi jaag +
+
2(1-r) ,
uﬂi_l,j+1n+—u0m,jn+2h
r

oor? f[xi, YJ]] + (1-w) ulg j.ag;

Err = Max[Err, Abs[ug jq-uOg jg]]: ]; ];
u0 = u;
Print ["Max grid change = ", Err];
k=k+1; ];
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Print ["The nunerical solution to the P.D.E. "1];
Print ["8;u(x,t)-0x xu(x,t)=0"1;
Li st Pl ot 3D[Transpose[u], AxesLabel -» {"t", "x", "u "3},
Vi ewPoi nt -» {4, 2, 3}, Lighting > Fal se, Col or Functi on -» Hue];

Print ["The nunerical solution to the P.D.E. "1];
Print ["8;u(x,t)-8x xu(x,t)=0"7;
Pri nt [Nunmber For m[Tabl eFor m[N[u]], 41];

Print ["The nunmerical solution to the P.D.E."1];
Print ["8;u(x,t)-08x xu(x,t)=0"7;
Li st Cont our Pl ot [Reverse[u], Col or Functi on » Hue];

(» 1.2 %) (* The analytic solution: =)
Ux_, t_ ]=Sin[rx]e '™+ Sin[3xx]e °™;
Print ["The analytic solution to the P.D.E."1;
Print ["ug (X,t) - uUxx(X,t)=0 is"];
Print ["u[x,t] =", U[x, t]1;
Set Opti ons [Pl ot 3D, Pl ot Points - {n, m}1;
Pl ot 3D[U[X, t], {t, O, 0.2}, {x, 0, 1.0},
Vi ewPoi nt » {4, 2, 3}, Lighting > Fal se, Col or Functi on - Hueg];
Uex = Table[U[xi, yj], (i, 1, m«1}, {j, 1, n+1}];
Print ["The exact solution is: "71;

Print ["Us= ", N[Us /7 Matri xForm]7;
Print ["The | argest error is: ", Max[Abs[U - U111;
(* The nunerical solution to

the P.D. E.was conputed on a "grid" in a matrix. Hence,

we have "lost" the connection between the "x" and "t" variabl es when
plotting the solution. This problemis independent of the software
used. If "tick marks" corresponding to "x" and "t" are necessary,
then it would be necessary to rewite these commands in the
software to handle this particular situation. Oherw se,

the automatic graphing of lists of data will automatically

deci de what nunbers to put on the "axes." %)

(* Task2: 2.1. Consider the wave equation & {U(X,t)-C%8y xU(X,t)=
0 for c?=4.The length of the string at rest is L=1. Assune that the initial
conditions are u(x,0) = @l(x) = sin(mx x)+ sin(2x x) and & U(X,t)|t-0=
92 (x)=0. The boundary conditions u(0,t) and u(l1,t) are set to O.
Apply the Crank-Nicol son nethod for a 20x20 grid and te[0,0.1].
2.2 Conpare the solution with the exact solution:u(x,t) =

u(x,t) = sin(r x)cos (s t)+ sin(2x x)cos(4x t). *)

Clear[" %"];
a=0; b=1; c =0; d=0.1; coef = 2;
fix_, y_1=0;
m=20; n = 20;

b-a d-c k2 % coef ?

" m n T h? ’

2

1+\/1'(1'” Cos[£])*

Print ["The opti mal wei ghted average is ", N[w]l];



(* 2.1 %) (» The list of points,

where xo and yo are replaced by x; and y;, respectively:
X1 =4a; Y1 =¢C;

For[i =1, 1 sm i ++,

Xiw1=Xi +hy Print ["x"i,1, "=", Xj.11; 1,
FOI’[] =1, ] =n, | ++,
Vi1 =Yy +k Print["y"j., "=", yjali ]

(» As a consequence of the increased initial index,
the last point will be given by (Xmi1, Yn.1). *)

(» Initial conditions: =x)

u = Table[5.00, {m+1}, {n+1}1;

For[i =1, i <=m+1, i ++, U 13 =Sin[nx;]1+Sin[2xx;]]1;
For[j =1, j <=n+1, j++, up 3= 0];

For[j =1, j <=n+1, j++, Ugm.1jg =O];
92[x_]1 =0;
FOI’[i =2, I <=m i ++,

*)
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Ugi,2p = Ui, 1g +K * <02[Xi]+k—2 CoefzU[[HLIB_Zumyuﬁum_l’lﬂ+f[Xi, C]]];
2 h?

u0 =u; Print["u=", Matri xForm[N[u]l]l;
Err =1.0;
V\hile[And[Err >0.001, k =501,

Err = 0.0;

For[j =2, sn, e+,

For[i =2, i =sm i +4+,

Ugi,j+11 = ﬁ @ |UOgi 41, ja1g +Ugi-1,j 13 * (UOgi41,j-17 + Ugi-1,j-17 - 2UOpi j-13) +

2
r

Err = Max[Err, Abs[ugi j.i3-UOg j.p]] ]; ];
uo = u;
Print ["Max grid change = ", Err1;
k =k +1; ];
Print ["The nunerical solution to the P.D.E. "1];
Print ["8; tu(X,t)-48x xu(x,t)=0"7;
Li st Pl ot 3D[Transpose[u], AxesLabel -» {"t", "x", "u "3},

(—uO,Ii,j_ln +2UO[[iyj]]+k2*f [Xi, y,])] + (1 -w) uO[[i,“l]];

Vi ewPoi nt » {4, 2, 3}, Lighting - Fal se, Col or Functi on - Hue];

Print ["The nunmerical solution to the P.D.E. "1];
Print ["8; tu(X,t)-48x xu(x,t)=0"7;

Pri nt [Nunber For m[Tabl eFor m[N[u]], 411;

Print ["The nunerical solution to the P.D.E."1;
Print ["8; tu(X,t)=-48x xu(x,t)=0"1;

Li st Cont our Pl ot [Reverse[u], Col or Functi on » Hue];
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(* 2.2 %) (* The analytic solution: =)
UXx_, t_]1=Sin[xx]Cos[nt]+Sin[2sxx]Cos[4nt];
Print ["The analytic solution to the P.D.E."1];
Print ["8; tu(X,t) - 485 xu(x,t)=0is"7;
Print ["u[x,t] =", Ulx, t11;
Set Opti ons [Pl ot 3D, Pl ot Poi nts - {n, m}1;
Pl ot 3D[U[X, t], {t, 0, 0.2}, {x, 0, 1.0},
Vi ewPoi nt » {4, 2, 3}, Lighting - Fal se, Col or Functi on - Hue];

Uex = Table[U[x;, yj], (i, 1, m«1}, {j, 1, n+1}];
Print ["The exact solution is: "7J;

Print ["Us= ", N[Us /7 Matri xForm]7;

Print ["The | argest error is: ", Max[Abs[U - U111;



