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Differentiation of Discrete Functions
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Chapter 02.03

Differentiation of Discrete Functions
After reading this chapter, you should be able to:

1. find approximate values of the first derivative of functions that are given at discrete data points, and
2. use Lagrange polynomial interpolation to find derivatives of discrete functions.
To find the derivatives of functions that are given at discrete points, several methods are available.  Although these methods are mainly used when the data is spaced unequally, they can be used for data that is spaced equally as well.

Forward Difference Approximation of the First Derivative
We know
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	Figure 1 Graphical representation of forward difference approximation of first derivative.
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Example 1

To find the stress concentration around a hole in a plate under a uniform stress, a finite difference program has been written that calculates the radial and tangential displacements at different points in the plate. To find the stresses and hence the stress concentration factor, one needs to find the derivatives of these displacements. In Table 1 the radial displacements 
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 are given along the 
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-axis. The radius of the hole is 1.0 cm.

a) At 
[image: image13.wmf]0

=

x

, if the radial strain 
[image: image14.wmf]r

e

 is given by 
[image: image15.wmf]r

u

r

¶

¶

=

e

, find the radial strain at 
[image: image16.wmf]cm

1

.

1

=

r

using the forward divided difference method.

b) If the tangential strain at 
[image: image17.wmf]°

=

=

90

  

,

cm

1

.

1

q

r

 is given to you as 
[image: image18.wmf]0029733

.

0

=

q

e

, find the hoop stress, 
[image: image19.wmf]q

s

, at 
[image: image20.wmf]°

=

=

90

  

,

cm

 

1

.

1

q

r

 if 
[image: image21.wmf])

(

1

2

q

q

ne

e

n

s

+

-

=

r

E

, where 
[image: image22.wmf]3

.

0

 

  

and

  

GPa

 

200

=

=

n

E

.

Table 1  Radial displacement as a function of location.
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Direct Fit Polynomials

In this method, given 
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To find the first derivative,
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Similarly, other derivatives can also be found.

Example 2

To find the stress concentration around a hole in a plate under a uniform stress, a finite difference program has been written that calculates the radial and tangential displacements at different points in the plate. To find the stresses and hence the stress concentration factor, one needs to find the derivatives of these displacements. In Table 2 the radial displacements 
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 are given along the 
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-axis. The radius of the hole is 1.0 cm.
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Table 2  Radial displacement as a function of location.
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Solution

For third order polynomial interpolation (also called cubic interpolation), we choose the displacement given by
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Writing the four equations in matrix form, we have
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Solving the above gives
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	Figure 2 Graph of radial displacement vs. location.


The derivative of radial displacement at 
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Lagrange Polynomial

In this method, given 
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Then to find the first derivative, one can differentiate 
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Differentiating the above equation gives
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Differentiating again would give the second derivative as
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Example 3

To find the stress concentration around a hole in a plate under a uniform stress, a finite difference program has been written that calculates the radial and tangential displacements at different points in the plate. To find the stresses and hence the stress concentration factor, one needs to find the derivatives of these displacements. In Table 3 the radial displacements 
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 are given along the 
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a) At ,
[image: image108.wmf]0

=

x

 if the radial strain 
[image: image109.wmf]r

e

 is given by 
[image: image110.wmf]r

u

r

¶

¶

=

e

, find the radial strain at 
[image: image111.wmf]cm

1

.

1

=

r

. Use a second order Lagrange polynomial interpolant for calculating the radial strain.

b) If the tangential strain at 
[image: image112.wmf]°

=

=

90

  

,

cm

1

.

1

q

r

 is given to you as 
[image: image113.wmf]0029733

.

0

=

q

e

, find the hoop stress, 
[image: image114.wmf]q

s

, at 
[image: image115.wmf]°

=

=

90

  

,

cm

1

.

1

q

r

if 
[image: image116.wmf])

(

1

2

q

q

ne

e

n

s

+

-

=

r

E

, where 
[image: image117.wmf]3

.

0

 

  

and

  

GPa

 

200

=

=

n

E

.

Table 3  Radial displacement as a function of location.
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Solution

For second order Lagrangian interpolation, we choose the radial displacement given by
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(a)  Change in the radial displacement at 
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Since we want to find the rate of change in the radial displacement at 
[image: image122.wmf]cm

 

1

.

1

=

r

, and we are using second order Lagrangian interpolation, we need to choose the three points closest to 
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