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Interpolation

Topic: Direct Method

Major: Chemical
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What is Interpolation ?
Given (x0,y0), (x1,y1), …… (xn,yn), find the 
value of ‘y’ at a value of ‘x’ that is not given.
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Interpolants

Polynomials are the most common 
choice of interpolants because they 
are easy to:

Evaluate
Differentiate, and 
Integrate.
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Direct Method
Given ‘n+1’ data points (x0,y0), (x1,y1),………….. (xn,yn),
pass a polynomial of order ‘n’ through the data as given
below:

where a0, a1,………………. an are real constants.
Set up ‘n+1’ equations to find ‘n+1’ constants. 
To find the value ‘y’ at a given value of ‘x’, simply 
substitute the value of ‘x’ in the above polynomial.

.....................10
n

nxaxaay +++=
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Example
To find how much heat is required to bring a kettle of 
water to boiling point, you are asked to calculate the 
specific heat of water at 610C.  Use linear, quadratic and  
cubic interpolation.

Temperature Specific heat 
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Linear Interpolation

Solving the above two equations gives,

Hence

( ) TaaTCp 10 +=

( ) ( ) 41865252 10 =+= aaCp

( ) ( ) 41998282 10 =+= aaCp

5.41630 =a 43333.01 =a

( ) .8252,43333.05.4163 ≤≤+= TtTC p

( ) ( )6143333.05.416361 +=pC Ckg
J
o−

= 9.4189
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Quadratic Interpolation

Solving the above three equations gives

Quadratic Interpolation
( ) 2

210 TaTaaTCp ++=
( ) ( ) ( ) 4179424242 2

210 =++= aaaCp  

( ) ( ) ( ) 4186525252 2
210 =++= aaaCp  

( ) ( ) ( ) 4199828282 2
210 =++= aaaCp  

0.41350 =a  3267.11 =a  3
2 10*6667.6 −−=a  
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Quadratic Interpolation (contd)

( ) 8242,10*6667.63267.10.4135 23 ≤≤−+= − TTTTCp

( ) ( ) ( )23 6110*6667.6613267.10.413561 −−+=pC

Ckg
J
o−

= 2.4191

The absolute relative approximate error a∈ obtained between the results from the first and 

second order polynomial is 

100
2.4191

9.41892.4191
×

−
=∈a  

        %031017.0=  
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Cubic Interpolation
( ) 3

3
2

210 TaTaTaaTCp +++=

( ) ( ) ( ) ( )33
2

210 424242417942 aaaaCp +++==  

( ) ( ) ( ) ( )33
2

210 525252418652 aaaaCp +++==

 ( ) ( ) ( ) ( )33
2

210 828282419982 aaaaCp +++==  

( ) ( ) ( ) ( )3
3

2
210 1001001004217100 aaaaCp +++==  

40780 =a  4771.41 =a  06272.02 −=a  4
3 10*1849.3 −=a  
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Cubic Interpolation (contd)

( ) =TCp 10042,10*1849.306272.04771.44078 342 ≤≤+−+ − TTTT  
( ) ( ) ( ) ( )342 6110*1849.36106272.0614771.4407861 −+−+=T

Ckg
J
o−

= 0.4190  

The absolute relative approximate error a∈ obtained between the results from the second and 

third order polynomial is 

100
0.4190

2.41910.4190
×

−
=∈a  

        %028640.0=  
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Comparison Table

Order of 
Polynomial 

1 2 3 

( )TCp  

Ckg
J
o−

 

9.4189  2.4191  0.4190  

Absolute Relative 
Approximate Error 

---------- %031017.0 %028640.0  


