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if we want to approximate the integral
b

= [ f(x)dx

a

to find the value of the above integral, we write our function under
polynomial form:

f(x) = f,(x)
where
f (X)=a, +ax+..+a, X" +ax"

where f_(x) isan n" order polynomial. Trapezoidal rule assumes n=1,
that is, the area under the linear polynomial (straight line),

j{ f(X)dx ~ Jb‘ f, (x)dx

b
= j(a0 +a,Xx)dx

2 a2
.:ao(b—a)+al(b zaj

But what is ap and a;? Now if we choose, (a, f(a)) and (b, f (b)) as the two
points to approximate f(x) by a straight line from a to b,

f(a)=f(a)=a, +aa
f(b) = f,(b)=a, +a,b

Solving the above two equations for a and b,
f(b) - f(a)
a=——-
b-a
f(a)b— f (b)a
T ha
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Hence we get,

f(a)b— f(b)a , f(b)—f(a) b’ —a’

jf(x)dx: A (b-a) — ;
Tf(x) dx = (b—a)[—f (a); f(b)}

2
(Trapezoidal rule) ala3iubs [ xdx JalSEll cuuay gl s CSI-c
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function y = £ (x)
y=x;

function integral = cmptrap(a,b,n, f)

h = (b-a)/n;

x = [a+h:h:b-h];

integral =

h/2* (2*sum(feval (f,x) ) +feval (£f,a) +feval (£,b)) ;
%$Example: cmptrap(1,2,10,'f"')
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Forward Difference Approximation of the First Derivative
From differential calculus, we know
£(x)= lim f(x+Ax)— f(x)
AXx—0 AX

For a finite Ax,
£1(x)~ f(x+Ax)— f(x)
AX
The above is the forward divided difference approximation of the first
derivative. Itis called forward because you are taking a point ahead of x.
To find the value of f'(x) at x = x., we may choose another point Ax ahead

as x=x;,,. Thisgives
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where AX = X;,; — X
Backward Difference Approximation of the First Derivative
We know

, . F(x+Ax)— f(x
100 = i 1100
For a finite Ax,

£1(x) f(x+Ax)— f(x)
AX
If Ax is chosen as a negative number,
£1(x) f(x+Ax)— f(x)
AX
f(x)— f(x—Ax)
AX
This is a backward difference approximation as you are taking a point
backward from x. To find the value of f'(x) at x = x, we may choose

another point Ax behind as x=x_,. This gives
.I: !(Xi)z f (Xi )_ f (Xifl)
AX
_f)-f(x)

X =Xy

where
AX=X; =X 4
Central Difference Approximation of the First Derivative:

f ,(Xi ) ~ f (Xi+1)_ f (Xi—l)

2AX

Skl pladinly (X)) = X Ccos(X) Alall Jualdd Gy iy SS) -

:( central, forward and backward finite difference )
function £ = £ ex( x );
f = cos(x )-x*sin( x ) ;

function £ = £ center( x , h );
fl = cos (x+h) - (x+h) *sin (x+h) ;
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f2 = cos(x-h)-(x-h)*sin(x-h) ;
£f = ( £1-£2) / (2*h) ;

function £ = £ forward( x , h );
f1l cos (x+h) - (x+h) *sin (x+h) ;
£f2 cos (x) - (x) *sin(x) ;

£ = ( £1-£2) / (h) ;

function £ = £ backward( x , h );
f1l cos (x) - (x) *sin(x) ;

£f2 cos (x-h) - (x-h) *sin(x-h) ;
f=( £f1-£2) / (h) ;

« Gl J) gl )
A- Write a program to find the approximate solution of the
following initial value problem:

y'(x) = xy* +y,x <[0,0.5],

y(0)=1
by using (Rung-Kutta 2"%/3'¥) method
function yprime = fode(x,y);
yprime = x*y"2 +v;
>>xspan = [0,.5];
>>y0 = 1,
>>[x,y]=ode23(‘fode',xspan,y0);

B- Write a program to find the exact solution of the above equation
>>y = dsolve('Dy = y*y*x+y','X’)

C- Write a program to find the exact integral for the following
indefinite integrations:

j t‘?Lrlr_lx(zx)dx, J'xeXz dx

syms x
Il=int (atan(x) ./ (1+x"2))
I2=int (x*exp (x*x))
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Write a program to find the approximate solution of the linear-

advection equation

(du/dt + v du/dx = 0)on the interval [p=0,g=100] and v=0.7 and

time step dt=0.3

by using the forward finite difference:

function linearadvection

clear all; clc; clf

p=0;

g=100;

v=0.7;

N=101;

dx=(q-p) / (N-1) ;

X =p: dx : qg;

u0=zeros (1,N) ;

for i=1:N
u0(i) = finitial(x(i)) .,
end
dt=0.3;
ntimesteps=10;
r =v*dt/dx;

u=zeros(1l,N);

for n=1:ntimesteps

t=n*dt;

ul0=[u0 uO(N)];

for i=1:N

u(i)=ul (i) -r* (u0(i+1l)-ul(i));

end

plot(x,u(1:N),'r+'")

xlabel('x")

ylabel ('U")

title('numerical solution to dU/dt + v dU/dx =
0")

pause (0. 3)

uO=u(1:N);

u=[];
end
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function y = finitial (x)
y=0.0;

if and(x>= 20,x<=70)
y = exp(-0.01* (x-45)*2);
end
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