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Chapter 05.03
Newton’s Divided Difference Interpolation

After reading this chapter, you should be able to:
1. derive Newton’s divided difference method of interpolation,
2. apply Newton’s divided difference method of interpolation, and
3. apply Newton’s divided difference method interpolants to find derivatives and integrals.

What is interpolation?

Many times, data is given only at discrete points such as 
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.  So, how then does one find the value of 
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 points (Figure 1).  Then one can find the value of 
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.  This is called interpolation.  

Of course, if 
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 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 Newton’s divided difference polynomial method.  Other methods include the direct method and the Lagrangian interpolation method.  We will discuss Newton’s divided difference polynomial method in this chapter.
Newton’s Divided Difference Polynomial Method

To illustrate this method, linear and quadratic interpolation is presented first.  Then, the general form of Newton’s divided difference polynomial method is presented.  To illustrate the general form, cubic interpolation is shown in Figure 1.
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	        Figure 1   Interpolation of discrete data.


Linear Interpolation 
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giving the linear interpolant as
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	         Figure 2   Linear interpolation.


Example 1

The geometry of a cam is given in Figure 3. A curve needs to be fit through the seven points given in Table 1 to fabricate the cam.

	 SHAPE  \* MERGEFORMAT 




	Figure 3  Schematic of cam profile.


	      Table 1  Geometry of the cam.

	Point


[image: image38.wmf]x



 EMBED Equation.3 [image: image39.wmf](

)

in.



[image: image40.wmf]y



 EMBED Equation.3 [image: image41.wmf](

)

in.


1

2.20

0.00

2

1.28

0.88

3

0.66

1.14

4

0.00

1.20

5

–0.60

1.04

6

–1.04

0.60

7

–1.20

0.00




If the cam follows a straight line profile from 
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Solution

For linear interpolation, the value of 
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This is the same expression that was obtained with the direct method.

Quadratic Interpolation
Given 
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Hence the quadratic interpolant is given by
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	        Figure 4   Quadratic interpolation.


Example 2

The geometry of a cam is given in Figure 5. A curve needs to be fit through the seven points given in Table 2 to fabricate the cam.
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	Figure 5  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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Solution

For quadratic interpolation, the value of 
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This is the same expression that was obtained with the direct method.

General Form of Newton’s Divided Difference Polynomial

In the two previous cases, we found linear and quadratic interpolants for Newton’s divided difference method.  Let us revisit the quadratic polynomial interpolant formula
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This leads us to writing the general form of the Newton’s divided difference polynomial for 
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From the above definition, it can be seen that the divided differences are calculated recursively.  

For an example of a third order polynomial, given 
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	           Figure 6   Table of divided differences for a cubic polynomial.

	


Example 3
The geometry of a cam is given in Figure 7. A curve needs to be fit through the seven points given in Table 3 to fabricate the cam.
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	Figure 7  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, Newton’s divided difference method of interpolation and a sixth order polynomial.

Solution

For 6th order interpolation, the value of 
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Using the seven points,
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Expanding this formula, we get
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This is the same expression that was obtained with the direct method.                            
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	Figure 8  Plot of the cam profile as defined by a 6th order interpolating polynomial (using Newton’s divided difference method of interpolation).


	INTERPOLATION
	

	Topic
	Newton’s Divided Difference Interpolation

	Summary
	Textbook notes on Newton’s divided difference interpolation.

	Major
	Industrial Engineering

	Authors
	Autar Kaw

	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  ���





� 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  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





1





2





3





5





6





7





x





y





4








05.02.1


[image: image312.wmf](

)

0

0

,

y

x

[image: image313.wmf](

)

1

1

,

y

x

[image: image314.wmf](

)

2

2

,

y

x

[image: image315.wmf](

)

3

3

,

y

x

[image: image316.wmf](

)

x

f

[image: image317.wmf]x

[image: image318.wmf]y

[image: image319.wmf](

)

0

0

,

y

x

[image: image320.wmf](

)

1

1

,

y

x

[image: image321.wmf](

)

x

f

1

[image: image322.wmf]x

[image: image323.wmf]y

[image: image324.wmf](

)

0

0

,

y

x

[image: image325.wmf](

)

1

1

,

y

x

[image: image326.wmf](

)

2

2

,

y

x

[image: image327.wmf](

)

x

f

2

[image: image328.wmf]y

[image: image329.wmf]x

[image: image330.wmf](

)

0

0

x

f

x

[image: image331.wmf]0

b

[image: image332.wmf](

)

1

1

x

f

x

[image: image333.wmf](

)

2

2

x

f

x

[image: image334.wmf](

)

3

3

x

f

x

[image: image335.wmf]1

b

[image: image336.wmf]2

b

[image: image337.wmf]3

b

[image: image338.wmf][

]

0

1

,

x

x

f

[image: image339.wmf][

]

1

2

,

x

x

f

[image: image340.wmf][

]

2

3

,

x

x

f

[image: image341.wmf][

]

0

1

2

,

,

x

x

x

f

[image: image342.wmf][

]

1

2

3

,

,

x

x

x

f

[image: image343.wmf][

]

0

1

2

3

,

,

,

x

x

x

x

f

_1414515342.unknown

_1414515542.unknown

_1414515575.unknown

_1414515607.unknown

_1414515623.unknown

_1414515640.unknown

_1414515648.unknown

_1414515656.unknown

_1414515660.unknown

_1414515664.unknown

_1414515668.unknown

_1414515670.unknown

_1414515671.unknown

_1414515672.unknown

_1414515669.unknown

_1414515666.unknown

_1414515667.unknown

_1414515665.unknown

_1414515662.unknown

_1414515663.unknown

_1414515661.unknown

_1414515658.unknown

_1414515659.unknown

_1414515657.unknown

_1414515652.unknown

_1414515654.unknown

_1414515655.unknown

_1414515653.unknown

_1414515650.unknown

_1414515651.unknown

_1414515649.unknown

_1414515644.unknown

_1414515646.unknown

_1414515647.unknown

_1414515645.unknown

_1414515642.unknown

_1414515643.unknown

_1414515641.unknown

_1414515631.unknown

_1414515635.unknown

_1414515637.unknown

_1414515639.unknown

_1414515636.unknown

_1414515633.unknown

_1414515634.unknown

_1414515632.unknown

_1414515627.unknown

_1414515629.unknown

_1414515630.unknown

_1414515628.unknown

_1414515625.unknown

_1414515626.unknown

_1414515624.unknown

_1414515615.unknown

_1414515619.unknown

_1414515621.unknown

_1414515622.unknown

_1414515620.unknown

_1414515617.unknown

_1414515618.unknown

_1414515616.unknown

_1414515611.unknown

_1414515613.unknown

_1414515614.unknown

_1414515612.unknown

_1414515609.unknown

_1414515610.unknown

_1414515608.unknown

_1414515591.unknown

_1414515599.unknown

_1414515603.unknown

_1414515605.unknown

_1414515606.unknown

_1414515604.unknown

_1414515601.unknown

_1414515602.unknown

_1414515600.unknown

_1414515595.unknown

_1414515597.unknown

_1414515598.unknown

_1414515596.unknown

_1414515593.unknown

_1414515594.unknown

_1414515592.unknown

_1414515583.unknown

_1414515587.unknown

_1414515589.unknown

_1414515590.unknown

_1414515588.unknown

_1414515585.unknown

_1414515586.unknown

_1414515584.unknown

_1414515579.unknown

_1414515581.unknown

_1414515582.unknown

_1414515580.unknown

_1414515577.unknown

_1414515578.unknown

_1414515576.unknown

_1414515559.unknown

_1414515567.unknown

_1414515571.unknown

_1414515573.unknown

_1414515574.unknown

_1414515572.unknown

_1414515569.unknown

_1414515570.unknown

_1414515568.unknown

_1414515563.unknown

_1414515565.unknown

_1414515566.unknown

_1414515564.unknown

_1414515561.unknown

_1414515562.unknown

_1414515560.unknown

_1414515551.unknown

_1414515555.unknown

_1414515557.unknown

_1414515558.unknown

_1414515556.unknown

_1414515553.unknown

_1414515554.unknown

_1414515552.unknown

_1414515546.unknown

_1414515548.unknown

_1414515550.unknown

_1414515547.unknown

_1414515544.unknown

_1414515545.unknown

_1414515543.unknown

_1414515437.unknown

_1414515454.unknown

_1414515462.unknown

_1414515538.unknown

_1414515540.unknown

_1414515541.unknown

_1414515539.unknown

_1414515464.unknown

_1414515537.unknown

_1414515463.unknown

_1414515458.unknown

_1414515460.unknown

_1414515461.unknown

_1414515459.unknown

_1414515456.unknown

_1414515457.unknown

_1414515455.unknown

_1414515445.unknown

_1414515449.unknown

_1414515452.unknown

_1414515453.unknown

_1414515451.unknown

_1414515447.unknown

_1414515448.unknown

_1414515446.unknown

_1414515441.unknown

_1414515443.unknown

_1414515444.unknown

_1414515442.unknown

_1414515439.unknown

_1414515440.unknown

_1414515438.unknown

_1414515421.unknown

_1414515429.unknown

_1414515433.unknown

_1414515435.unknown

_1414515436.unknown

_1414515434.unknown

_1414515431.unknown

_1414515432.unknown

_1414515430.unknown

_1414515425.unknown

_1414515427.unknown

_1414515428.unknown

_1414515426.unknown

_1414515423.unknown

_1414515424.unknown

_1414515422.unknown

_1414515350.unknown

_1414515354.unknown

_1414515356.unknown

_1414515420.unknown

_1414515355.unknown

_1414515352.unknown

_1414515353.unknown

_1414515351.unknown

_1414515346.unknown

_1414515348.unknown

_1414515349.unknown

_1414515347.unknown

_1414515344.unknown

_1414515345.unknown

_1414515343.unknown

_1283592681.unknown

_1283594167.unknown

_1414515326.unknown

_1414515334.unknown

_1414515338.unknown

_1414515340.unknown

_1414515341.unknown

_1414515339.unknown

_1414515336.unknown

_1414515337.unknown

_1414515335.unknown

_1414515330.unknown

_1414515332.unknown

_1414515333.unknown

_1414515331.unknown

_1414515328.unknown

_1414515329.unknown

_1414515327.unknown

_1311406071.unknown

_1311406490.unknown

_1311408060.unknown

_1311413985.unknown

_1414515324.unknown

_1414515325.unknown

_1311419214.unknown

_1311408405.unknown

_1311408615.unknown

_1311408656.unknown

_1311408745.unknown

_1311408932.unknown

_1311408649.unknown

_1311408435.unknown

_1311408592.unknown

_1311408406.unknown

_1311408374.unknown

_1311408404.unknown

_1311408381.unknown

_1311408088.unknown

_1311406770.unknown

_1311406971.unknown

_1311406991.unknown

_1311406788.unknown

_1311406733.unknown

_1311406752.unknown

_1311406515.unknown

_1311406194.unknown

_1311406413.unknown

_1311406469.unknown

_1311406257.unknown

_1311406112.unknown

_1311406139.unknown

_1311406094.unknown

_1283846825.unknown

_1283859098.unknown

_1286623405.unknown

_1311406050.unknown

_1311405998.unknown

_1283859103.unknown

_1283847537.unknown

_1283859031.unknown

_1283859069.unknown

_1283858999.unknown

_1283848078.unknown

_1283847458.unknown

_1283847486.unknown

_1283847431.unknown

_1283594207.unknown

_1283594227.unknown

_1283594234.unknown

_1283846824.unknown

_1283594231.unknown

_1283594224.unknown

_1283594221.unknown

_1283594184.unknown

_1283594192.unknown

_1283594176.unknown

_1283594046.unknown

_1283594082.unknown

_1283594137.unknown

_1283594150.unknown

_1283594158.unknown

_1283594144.unknown

_1283594112.unknown

_1283594115.unknown

_1283594108.unknown

_1283594061.unknown

_1283594071.unknown

_1283594077.unknown

_1283594064.unknown

_1283594054.unknown

_1283594057.unknown

_1283594050.unknown

_1283593037.unknown

_1283594010.unknown

_1283594026.unknown

_1283594041.unknown

_1283594017.unknown

_1283593071.unknown

_1283594001.unknown

_1283593045.unknown

_1283592986.unknown

_1283593017.unknown

_1283593030.unknown

_1283592994.unknown

_1283592850.unknown

_1283592928.unknown

_1283592730.unknown

_1283592693.unknown

_1283592075.unknown

_1283592215.unknown

_1283592666.unknown

_1283592673.unknown

_1283592677.unknown

_1283592669.unknown

_1283592236.unknown

_1283592659.unknown

_1283592232.unknown

_1283592147.unknown

_1283592154.unknown

_1283592162.unknown

_1283592165.unknown

_1283592151.unknown

_1283592140.unknown

_1283592143.unknown

_1283592078.unknown

_1283591732.unknown

_1283591846.unknown

_1283592064.unknown

_1283592070.unknown

_1283591856.unknown

_1283591752.unknown

_1283591759.unknown

_1283591742.unknown

_1283591680.unknown

_1283591698.unknown

_1283591712.unknown

_1283591692.unknown

_1283591666.unknown

_1283591673.unknown

_1283591657.unknown

_1093610931.unknown

