MATLAB Code for Figures in
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SECTION 1.7

Figure 1.2

hold off;

% The “hold off” command clears any previous graphs. 

% The domain interval and mesh:

x = 0:.01:12;  

T = tan(x);

Y = -x;

Z = 0;

% Without the following two lines, the asymptotes will appear.

I = find(abs(T)>16);

T(I)=NaN; 

plot(x,T);     
% Plots y = tan x.

hold on;       
% Keeps all plots on the same graph.

plot(x,Y);     
% Plots y = -x.

plot(x,Z);     
% Plots x-axis.

axis([0 12 -12 12]);

Figure 1.3

function sol = Fig1_3

for n = 1:5

% This code generates all five graphs of figure 1.3, but each will be “solid.” In 

%
order to differentiate graphs using dashes and/or dots,

   
%       
each graph must be done individually, then overlaid. 


% Here we provide an initial guess for the eigenvalue:

    
lambda = (((2*n-1)^2)*(pi)^2)/4;

    
solinit = bvpinit(linspace(0,1,10),@guess,lambda);

    
sol = bvp4c(@odes,@bcs,solinit);

    
xint = linspace(0,1,100);

    
Sxint = deval(sol,xint);

    
axis([0 1 -.3 .6]);

    
plot(xint,Sxint(1,:),'-');

    
hold on;

end

% The subroutine bvpinit needs an initial guess and its derivative:

function v = guess(x)

v = [ sin(5*pi*x); 5*pi*cos(5*pi*x) ];

% The eigenvalue differential equation: 

function dydx = odes(x,y,lambda)

dydx = [y(2); -(lambda)*y(1) ];

% The boundary conditions:

function res = bcs(ya,yb,lambda)

res = [ ya(1); yb(1)+yb(2); ya(2)-1];

% We compute the eigenvalues in Table 1.1 individually, rather than in the for 

%
 loop. (The eigenvalue will appear in the command window.)

SECTION 3.2

Figure 3.2

x=0:.01:3*pi;

S = sin(2*x) + cos(4*x);

Y = 0;

plot(x,S);

hold on;

plot(x,Y);

axis([0 3*pi -3 2]);

Figure 3.5

x=-pi:.01:pi;

S = sin(2*x).*sin(4*x);

Y = 0;

plot(x,S);

hold on;

plot(x,Y);

axis([-pi pi -1 1]);

SECTION 3.4

Figure 3.7

x=1:.01:2;

F = x;

Y = 0;

plot(x,F);

hold on;

plot(x,Y);

x = 2:.01:3;

F = 1./(x-2);

plot(x,F);

axis([1 3 0 6]);

Figure 3.9

x = -2:.01:2;

F = sign(x).*abs(x.^(1/3));

% The function sign(x) is -1 if x < 0 and 1 if x > 0. Writing F this way allows

% 
MATLAB to select the real (and not a complex) cube root. 

Y = 0

plot(x,F);

hold on;

plot(x,Y);

axis([-2 2 -2 2]);

\end{center};

t=-3*pi:.01:3*pi;

fs=(1/2)*ones(size(t));

% Here we use only n=50.

for n=1:50


fs=fs+(2/pi)*sin((2*n-2)*t)/(2*n-1);

end

plot(t,fs);

SECTION 3.5

Figure 3.13

(See code for Figure 4.1.)

SECTION 4.1

Figure 4.1

x = 0:.01:pi;

u = (0) * ones(size(x));

for t = 0:4

    
u = 0;

    

for k = 1:10

        

u = u + (8/pi) * (exp(-(2*k-1)*(2*k-1)*t)) * sin((2*k-1)*x)/(2*k-1)/(2*k-

1)/(2*k-1);

   

% The u = … statement should be entered on one line. 

end

    
plot(x,u);

    
hold on;

end

Figure 4.2

x = 0:.01:pi;

u = (3) * ones(size(x));

for t = 0:4

    
u = 3;

    

for k = 1:50

       

u = u - (12/(pi^2)) * exp((-(2*k-1)*(2*k-1)*(pi^2)*t)/9) * 

(cos((k*(pi)*x)/3))/((2*k-1)^2);



% Again, the u = … statement should be entered on one line.

    

end

    
plot(x,u);

    
hold on;

end

SECTION 6.1

Figure 6.1

x = 0:.01:2;

Y = erf(x);

Z= erfc(x);

plot(x,Y);

hold on;

plot(x,Z,'-.');

axis([0 2 -.1 1.1]);

SECTION 6.3

Figure 6.2

x = -10:.01:10;

Y = exp(-4.*x.^2);

Z= (1/(2.*sqrt(2))).*exp(-(x.^2)/16);

plot(x,Y);

hold on;

plot(x,Z,':');

axis([-10 10 0 1.2]);

SECTION 6.4

Figure 6.4

% f = 1/(4*a*sqrt(pi*t)) * e^((-x-y)^2)/4t

% This particular code is for t=5.

f = '(1./(4.*1.*sqrt(pi.*5))).*exp((-(x-y).^2)./(4.*5))';

F = inline(f,'y','x');

a = 1;

for x = -10:.01:10;

    

u = quad(F,-a,a,[],[],x);

    

plot(x,u);

    

axis([-10 10 0 .28]);

    

hold on;

end

%Run the program for t=1, t=3 and t=5. As usual, the ‘hold on’ command will 

%
keep each graph. The result will be a grid with three graphs on it, one for %
each value of t.

Figure 6.5

% This particular code is for a=5.

f = '(1./(4.*5.*sqrt(pi.*1))).*exp((-(x-y).^2)./(4.*1))';

F = inline(f,'y','x');

a = 5;

for x = -10:.01:10;

    

u = quad(F,-a,a,[],[],x);

    

plot(x,u);

    

axis([-10 10 0 .28]);

    

hold on;

end

SECTION 7.2

Figure 7.1a

x = -1:.05:1;

P0 = ones(size(x));

P2 = .5*(3*x.^2 - 1);

P4 = .125*(35*x.^4 - 30*x.^2 + 3);

plot (x,P0,'k');

hold on;

plot (x,P2,'k-.');

plot (x,P4,'k--');

axis([-1 1 -.6 1.2]);

hold off;

SECTION 7.4

Figure 7.2

x = -4:.001:5;

y = gamma(x);

plot(x,y);

hold on;

axis([-4.4 5 -10 10]);

SECTION 7.5

Figure 7.3

AXIS([0 20 -1 1])

x=0:0.01:20;

for k = 0:2

    

y= BESSELJ(k,x);

    

hold on;   

    

if k == 0

    

    plot(x,y,'k');

    

end

   

if k == 1

   

     plot(x,y,'k:');

   

end

    

if k == 2

     

   plot(x,y,'k--');

    

end

end

Figure 7.4

AXIS([0 20 -2 1])

x=0:0.01:20;

for k = 0:2

    y= BESSELY(k,x);

    hold on;   

    if k == 0

        plot(x,y,'k');

    end

    if k == 1

        plot(x,y,'k:');

    end

    if k == 2

        plot(x,y,'k--');

    end

end

Figure 7.5

AXIS([0 4 0 10])

x=0:.1:4;

for k = 0:2

    y= BESSELI(k,x);

    hold on;   

    if k == 0

        plot(x,y,'k');

    end

    if k == 1

        plot(x,y,'k:');

    end

    if k == 2

        plot(x,y,'k--');

    end

end

Figure 7.6

AXIS([0 2 0 10])

x=0:.01:4;

for k = 0:2

    y= BESSELK(k,x);

    hold on;   

    if k == 0

        plot(x,y,'k');

    end

    if k == 1

        plot(x,y,'k:');

    end

    if k == 2

        plot(x,y,'k--');

    end

end

SECTION 9.2

Figure 9.4

[X,Y] = meshgrid([0:.1:2],[0:.1:3]);

Colormap([1 1 1]);

subplot(3,3,1)

V = sin((pi.*X)./2).*sin((pi.*Y)/3);

surf(X,Y,V);

subplot(3,3,2)

V = sin((pi.*X)./2).*sin((2.*pi.*Y)/3);

surf(X,Y,V);

subplot(3,3,3)

V = sin((pi.*X)./2).*sin((pi.*Y));

surf(X,Y,V);

subplot(3,3,4)

V = sin((pi.*X)).*sin((pi.*Y)/3);

surf(X,Y,V);

subplot(3,3,5)

V = sin((pi.*X)).*sin((2.*pi.*Y)/3);

surf(X,Y,V);

subplot(3,3,6)

V = sin((pi.*X)).*sin((pi.*Y));

surf(X,Y,V);

subplot(3,3,7)

V = sin((3.*pi.*X)./2).*sin((pi.*Y)/3);

surf(X,Y,V);

subplot(3,3,8)

V = sin((3.*pi.*X)./2).*sin((2.*pi.*Y)/3);

surf(X,Y,V)

subplot(3,3,9)

V = sin((3.*pi.*X)./2).*sin((pi.*Y));

surf(X,Y,V)

Figure 9.6

 [X,Y] = meshgrid([0:.05:1],[0:.05:1]);

V1 = sin((pi.*X)).*sin((2.*pi.*Y));

V2 = sin((2.*pi.*X)).*sin((pi.*Y));

colormap([1 1 1]);

subplot(1,2,1)

surf(X,Y,V1);

axis normal;

view(-37.5,16);

subplot(1,2,2)

surf(X,Y,V2);

axis normal;

view(-37.5,16);

Figure 9.8

[X,Y] = meshgrid([0:.05:1],[0:.05:1]);

V1 = sin((pi.*X)).*sin((2.*pi.*Y));

V2 = sin((2.*pi.*X)).*sin((pi.*Y));

colormap([1 1 1]);

subplot(1,2,1)

V = -V1 - V2;

surf(X,Y,V);

axis normal;

view(15,15);

subplot(1,2,2)

V = V1 - V2;

surf(X,Y,V);

axis normal;

view(15,15);

SECTION 9.4

Figure 9.11

[Th,r] = meshgrid([0:10:360]*pi/180,[0:.1:1]);

[X,Y] = pol2cart(Th,r);

colormap([1,1,1]);

subplot(3,3,1)

V1 = BesselJ(0,2.40483.*sqrt(X.^2+Y.^2));

surf(X,Y,V1);

hold on;

hold off;

subplot(3,3,2)

V2 = BesselJ(1,3.83171.*sqrt(X.^2+Y.^2));

surf(X,Y,V2);

hold on;

hold off;

subplot(3,3,3)

V3 = BesselJ(2,5.13562.*sqrt(X.^2+Y.^2));

surf(X,Y,V3);

subplot(3,3,4)

V4 = BesselJ(0,5.52008.*sqrt(X.^2+Y.^2));

surf(X,Y,V4);

subplot(3,3,5)

V5 = BesselJ(1,7.01559.*sqrt(X.^2+Y.^2));

surf(X,Y,V5);

subplot(3,3,6)

V6 = BesselJ(2,8.41724.*sqrt(X.^2+Y.^2));

surf(X,Y,V6);

subplot(3,3,7)

V7 = BesselJ(0,8.65373.*sqrt(X.^2+Y.^2));

surf(X,Y,V7);

subplot(3,3,8)

V8 = BesselJ(1,10.17347.*sqrt(X.^2+Y.^2));

surf(X,Y,V8);

subplot(3,3,9)

V9 = BesselJ(2,11.61984.*sqrt(X.^2+Y.^2));

surf(X,Y,V9);

Figure 9.16

AXIS([0 10 -.4 1])

x=0:0.01:10;

k = 0

Y= sqrt(pi./(2.*x)).*BESSELJ(k+.5,x);

hold on;   

plot(x,Y,'k-');

k = 1

Y= sqrt(pi./(2.*x)).*BESSELJ(k+.5,x);

hold on;   

plot(x,Y,'k:');

k = 2

Y= sqrt(pi./(2.*x)).*BESSELJ(k+.5,x);

hold on;   

plot(x,Y,'k-.');

k = 3

Y= sqrt(pi./(2.*x)).*BESSELJ(k+.5,x);

hold on;   

plot(x,Y,'k--');

SECTION 10.3

Figure 10.4

subplot(1,2,1)

[X,Y] = meshgrid([-3:.01:3],[-3:.01:3]);

Z = (-1./(4.*pi)).*log(X.^2 + Y.^2);

surf(X,Y,Z);

axis([-3 3 -3 3 -.5 1]);

view(-24, 19);

subplot(1,2,2)

[X,Y] = meshgrid([-3:.15:3],[-3:.15:3]);

colormap([1,1,1]);

Z = (-1./(4.*pi)).*log(X.^2 + Y.^2);

surf(X,Y,Z);

axis([-3 3 -3 3 -.5 1]);

view(-24, 19);

SECTION 10.4

Figure 10.7a

[X,Y] = meshgrid([-5:.14:5],[-5:.14:5]);

colormap([1,1,1]);

Z = (-1/4).*BesselY(0,sqrt(X.^2+Y.^2));

surf(X,Y,Z);

Figure 10.7b


Same as for Figure 10.7a, but using



[X,Y] = meshgrid([-10:.2:10],[-10:.2:10]);

SECTION 11.1

Table 11.2

% n = number of rows of A = number of columns of A.

n = 9;

% Read zeros into coefficient matrix A:

A = zeros(n,n);

% Main diagonal of A:

for i = 1:n

    for j = 1:n

        if i == j

            A(i,j) = (i./(n.^3)) - 2;

        end

    end

end

% Diagonals above and below main diagonal:

for k = 1:n

    for m = 1:n-1

        if k == m+1

            A(k,m) = 1;


A(m,k) = 1;

        end

    end

end

% Read in column vector B, the “right side” of the matrix equation:

B = zeros(n,1);

for k = 1:n

    if k == n

        B(k,1) = -1;

    end

end

% Compute A-inverse:

C = inv(A);

% Left-multiply B by A-inverse. D is the solution vector.

D = C*B;

fprintf('The solution matrix is: \n');

fprintf('\n');

for a = 1:n

    fprintf('%g\n',D(a,1));

end;

% D will appear in the command window. You can check your matrices in 

%
workspace.

