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Chapter 05.02
Direct Method of Interpolation
After reading this chapter, you should be able to:
1. apply the direct method of interpolation,

2. solve problems using the direct method of interpolation, and
3. use the direct method interpolants to find derivatives and integrals of discrete functions.
What is interpolation?

Many times, data is given only at discrete points such as 
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Of course, if 
[image: image14.wmf]x

 falls outside the range of 
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 for which the data is given, it is no longer interpolation but instead is called extrapolation.  


So what kind of function 
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 should one choose?  A polynomial is a common choice for an interpolating function because polynomials are easy to 

(A) evaluate,
(B) differentiate, and

(C) integrate

relative to other choices such as a trigonometric and exponential series. 


Polynomial interpolation involves finding a polynomial of order 
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 that passes through the 
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 points.  One of the methods of interpolation is called the direct method.  Other methods include Newton’s divided difference polynomial method and the Lagrangian interpolation method.  We will discuss the direct method in this chapter.
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	        Figure 1   Interpolation of discrete data.


Direct Method

The direct method of interpolation is based on the following premise.  Given 
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through the data, where 
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 can be found by solving the 
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, simply substitute the value of 
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But, it is not necessary to use all the data points.  How does one then choose the order of the polynomial and what data points to use?  This concept and the direct method of interpolation are best illustrated using examples.
Example 1
The geometry of a cam is given in Figure 2. A curve needs to be fit through the seven points given in Table 1 to fabricate the cam.
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	Figure 2  Schematic of cam profile.


	      Table 1  Geometry of the cam.

	Point
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If the cam follows a straight line profile from 
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 using the direct method of interpolation and a first order polynomial?

Solution

For first order polynomial interpolation (also called linear interpolation), we choose the value of 
[image: image45.wmf]y

 given by
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	         Figure 3   Linear interpolation.


Since we want to find the value of 
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Writing the equations in matrix form, we have
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Solving the above two equations gives,
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Example 2

The geometry of a cam is given in Figure 4. A curve needs to be fit through the seven points given in Table 2 to fabricate the cam.
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	Figure 4  Schematic of cam profile.


	      Table 2  Geometry of the cam.

	Point
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If the cam follows a quadratic profile from 
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 using the direct method of interpolation and a second order polynomial?  Find the absolute relative approximate error for the second order polynomial approximation.

Solution

For second order polynomial interpolation (also called quadratic interpolation), we choose the value of 
[image: image73.wmf]y

 given by
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	        Figure 5   Quadratic interpolation.


Since we want to find the value of 
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Writing the three equations in matrix form, we have 
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Solving the above three equations gives
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The absolute relative approximate error 
[image: image95.wmf]a

Î

 obtained between the results from the first and second order polynomial is


[image: image96.wmf]100

98311

.

0

95548

.

0

98311

.

0

´

-

=

Î

a



     
[image: image97.wmf]%

8100

.

2

=


Example 3

The geometry of a cam is given in Figure 6. A curve needs to be fit through the seven points given in Table 3 to fabricate the cam.
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	Figure 6  Schematic of cam profile.


	      Table 3  Geometry of the cam.

	Point
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Find the cam profile using all seven points in Table 3 using the direct method of interpolation and a sixth order polynomial.

Solution

For the sixth order polynomial, we choose the value of 
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 given by
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	         Figure 7   6th order polynomial interpolation.


Using the seven points,
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Writing the seven equations in matrix form, we have
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Solving the above seven equations gives
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	Figure 8  Plot of the cam profile as defined by a 6th order interpolating polynomial (using directed method of interpolation).


	INTERPOLATION
	

	Topic
	Direct Method of Interpolation

	Summary
	Textbook notes on the direct method of interpolation.

	Major
	Industrial Engineering

	Authors
	Autar Kaw, Peter Warr, Michael Keteltas

	Date
	November 15, 2012

	Web Site
	http://numericalmethods.eng.usf.edu


� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





1





2





3





5





6





7





x





y





4





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





1














2














3














5














6














7














x














y














4














� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





1





2





3





5





6





7





x





y





4





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���








05.03.1


[image: image132.wmf](

)

0

0

,

y

x

[image: image133.wmf](

)

1

1

,

y

x

[image: image134.wmf](

)

2

2

,

y

x

[image: image135.wmf](

)

3

3

,

y

x

[image: image136.wmf](

)

x

f

[image: image137.wmf]x

[image: image138.wmf]y

[image: image139.wmf](

)

0

0

,

y

x

[image: image140.wmf](

)

1

1

,

y

x

[image: image141.wmf](

)

x

f

1

[image: image142.wmf]x

[image: image143.wmf]y

[image: image144.wmf](

)

0

0

,

y

x

[image: image145.wmf](

)

1

1

,

y

x

[image: image146.wmf](

)

2

2

,

y

x

[image: image147.wmf](

)

x

f

2

[image: image148.wmf]y

[image: image149.wmf]x

[image: image150.wmf](

)

0

0

,

y

x

[image: image151.wmf](

)

1

1

,

y

x

[image: image152.wmf](

)

2

2

,

y

x

[image: image153.wmf](

)

3

3

,

y

x

[image: image154.wmf](

)

4

4

,

y

x

[image: image155.wmf](

)

5

5

,

y

x

[image: image156.wmf](

)

6

6

,

y

x

[image: image157.wmf]y

[image: image158.wmf]x

[image: image159.wmf](

)

x

f

6

_1414501464.unknown

_1414501543.unknown

_1414501597.unknown

_1414501615.unknown

_1414501624.unknown

_1414501628.unknown

_1414501630.unknown

_1414501632.unknown

_1414501634.unknown

_1414501635.unknown

_1414501633.unknown

_1414501631.unknown

_1414501629.unknown

_1414501626.unknown

_1414501627.unknown

_1414501625.unknown

_1414501619.unknown

_1414501621.unknown

_1414501623.unknown

_1414501620.unknown

_1414501617.unknown

_1414501618.unknown

_1414501616.unknown

_1414501605.unknown

_1414501611.unknown

_1414501613.unknown

_1414501614.unknown

_1414501612.unknown

_1414501607.unknown

_1414501609.unknown

_1414501610.unknown

_1414501608.unknown

_1414501606.unknown

_1414501601.unknown

_1414501603.unknown

_1414501604.unknown

_1414501602.unknown

_1414501599.unknown

_1414501600.unknown

_1414501598.unknown

_1414501551.unknown

_1414501555.unknown

_1414501595.unknown

_1414501596.unknown

_1414501594.unknown

_1414501553.unknown

_1414501554.unknown

_1414501552.unknown

_1414501547.unknown

_1414501549.unknown

_1414501550.unknown

_1414501548.unknown

_1414501545.unknown

_1414501546.unknown

_1414501544.unknown

_1414501521.unknown

_1414501535.unknown

_1414501539.unknown

_1414501541.unknown

_1414501542.unknown

_1414501540.unknown

_1414501537.unknown

_1414501538.unknown

_1414501536.unknown

_1414501525.unknown

_1414501529.unknown

_1414501531.unknown

_1414501533.unknown

_1414501534.unknown

_1414501532.unknown

_1414501530.unknown

_1414501527.unknown

_1414501528.unknown

_1414501526.unknown

_1414501523.unknown

_1414501524.unknown

_1414501522.unknown

_1414501472.unknown

_1414501517.unknown

_1414501519.unknown

_1414501520.unknown

_1414501518.unknown

_1414501474.unknown

_1414501475.unknown

_1414501473.unknown

_1414501468.unknown

_1414501470.unknown

_1414501471.unknown

_1414501469.unknown

_1414501466.unknown

_1414501467.unknown

_1414501465.unknown

_1283859098.unknown

_1414501451.unknown

_1414501455.unknown

_1414501459.unknown

_1414501462.unknown

_1414501463.unknown

_1414501461.unknown

_1414501460.unknown

_1414501457.unknown

_1414501458.unknown

_1414501456.unknown

_1414501453.unknown

_1414501454.unknown

_1414501452.unknown

_1414501447.unknown

_1414501449.unknown

_1414501450.unknown

_1414501448.unknown

_1311406071.unknown

_1311406139.unknown

_1414501446.unknown

_1311406194.unknown

_1311406094.unknown

_1311406112.unknown

_1286628497.unknown

_1311406050.unknown

_1311405998.unknown

_1283859103.unknown

_1283591732.unknown

_1283591846.unknown

_1283859031.unknown

_1283859069.unknown

_1283858999.unknown

_1283591856.unknown

_1283591752.unknown

_1283591759.unknown

_1283591742.unknown

_1283591680.unknown

_1283591698.unknown

_1283591712.unknown

_1283591692.unknown

_1283255943.unknown

_1283256077.unknown

_1283591666.unknown

_1283591673.unknown

_1283256102.unknown

_1283591657.unknown

_1283256090.unknown

_1283255956.unknown

_1283255990.unknown

_1283255868.unknown

_1283255931.unknown

_1283255856.unknown

_1283255847.unknown

