
Sayfa 1 

  

Department of 

Engineering Physics 

 

University of Gaziantep 

Feb 2013 

Topic 6 

 

Numerical and Symbolic 

Differentiation & Integration 

EP547 Computational Methods in QM 



Sayfa 2 

Content 

1. Introduction 

 

2. Differentiation 

 

3. Integration 

 

 

 



Sayfa 3 

Introduction 

In engineering problems, we have mostly deal with the  

differentiation and integration of the functions of single- or  

multi-variables. 

 

In this chapter,  

 

 We will first consider numerical derivative and integration. 

 

 Then we will use MATLAB built-in functions 

 diff()  to evaluate finite difference or derivative 

 int() to evaluate the definite or indefinite integrals. 
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Numerical Derivatives 
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Numerical Derivatives 

 For a function f(x) 

 

 

 

 

 Partial derivatives for a function f(x, y, z) 
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Example 1:  

Find the first and second derivative of the function  

f(x) = x2 + exp(-x) at x = 3 for h = 0.01. 

 
>> edit derivative.m 

>> [d1 d2] = derivative(3, 0.01) 

d1 = 5.9502 

d2 = 2.0498 

function [d1 d2] = derivative(x,h)  

  d1 = (f(x+h)-f(x-h))/(2*h); 

  d2 = (f(x+h)+f(x-h)-2*f(x))/h^2; 

end 

 

function y = f(x) 

  y = x^2 + exp(-x); 

end 
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Numerical Integration 

 The integral of a function f(x) between the limits a and b is 

simply the area under the curve between a and b. 

 

 
 

 

 

 

 Sometimes, finding the integral analytically can be difficult  

or impossible.  

 So a numerical solution may be necessary or simply 

convenient.  

b

a

dxxfArea )(



Sayfa 8 

Trapezoidal Method 
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Simpson’s Method 

Trapezoids are replaced by the quadratic polynomials! 
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Example 2:  

Evaluate the integral                for n = 100 parts 

 

>> edit integral.m 

>> integral(0,3,100) 

ans = 3.4630 

function integ = integral(a,b,n)  

  h = (b-a)/n; 

  s = (f(a)+f(b))/2.0; 

  for i=1:n-1 

      s = s + f(a+i*h); 

  end 

  integ = h*s; 

end 

 

function y = f(x) 

  y = sqrt(x); 

end 

3
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Symbolic Derivative 

diff(S) 

   differentiates a symbolic expression S with respect to  

         its free variable. 

 

diff(S,'v') or diff(S,sym('v'))  

  differentiates S with respect to v.  

 

diff(S,n) 

  for a positive integer n, differentiates S n times.  

 

diff(S,'v',n) and diff(S,n,'v')  

  are also acceptable. 
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Example 3:  

Find the first and second derivative of the function  

f(x) = x2 + exp(-x) 

 

>> syms x 

>> diff(x^2+exp(-x))   % first derivative 

ans = 2*x-exp(-x) 

 

>> diff(x^2+exp(-x),2) % second derivative 

ans = 2+exp(-x) 
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Example 4:  

Find the first derivative of the function f(x) = x2 + exp(-x) at x=3. 

 

>> syms x 

>> d = diff(x^2+exp(-x)); 

>> x = 3; 

>> eval(d) 

ans = 5.9502 
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Example 5:  

Find the derivatives for the function ∂f/∂x and ∂f/∂y 

f(x,y) = yx2 + exp(-x*y) 

 

>> syms x y 

>> diff(y*x^2+exp(-x*y),'x')  % df/dx 

ans = 2*x*y-y*exp(-x*y) 

 

>> diff(y*x^2+exp(-x*y),'y')  % df/dy 

ans = x^2-x*exp(-x*y) 
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Symbolic Integration 

int(S)  

  returns the indefinite integral of S with respect to  

  its symbolic variable  

 

int(S,v)  

  returns the indefinite integral of S with respect to the 

  symbolic scalar variable v.  

 

int(S,a,b)  

  returns the definite integral of S from a to b 
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Example 6:  

Find the indefinite integral and definite for the range [1, 2]  

of the function f(x) = x2 + exp(-x). 

 

>> syms x 

>> int(x^2+exp(-x))        % indefinite integral 

ans = 1/3*x^3-exp(-x) 

 

>> int(x^2+exp(-x),1,2)    % definite integral 

ans = 7/3-exp(-2)+exp(-1) 
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Example 7:  

Evaluate the integral:  

 

 

 

 

 

 

 

 

 

 

>> syms x y 

>> int( int(x^2+y^2,x,-1,2),y,0,4 ) 

ans = 76 
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