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INTRODUCTION

• Interpolation is a method of estimating the intermediate values between precise data

points.

• The basis of all interpolation algorithms is the fitting of some type of curve or function 

to a subset of the tabular data.

• Thus, we first fit a function that exactly passes through the given data points and than 

evaluate intermediate values using this function.



6.1 Polynomial Interpolation

In this method, an nth-order polynomial is used as the interpolation 

function, f(x):

f(x) = b0 + b1x + b2x
2 + b3x

3 + … + bnx
n

The constants in equation above, b0, b1, b2, b3, …, bn, are determined using 
the measured data points. (x1, y1),    (x2, y2),    (x3, y3),    . . . ,    (xn+1, yn+1). 
Here, yn=f(x)





Linear Interpolation:

• Given data points: (x0, y0) and (x1, y1)
• A straight line passes from these two 

point
• Using similar triangles:

𝑓 𝑥 −𝑓(𝑥0)
𝑥−𝑥0

=
𝑓 𝑥1 −𝑓(𝑥0)

𝑥1−𝑥0
𝑓 𝑥 =𝑓 𝑥0 +

[𝑓 𝑥1 −𝑓 𝑥0 ]
𝑥1−𝑥0

𝑥−𝑥0

Linear interpolation formula

or f (x ) = b0 + b1(𝑥 − 𝑥0) 





Example 1

The upward velocity of a rocket is given as a function of time in Table 1. 

 Find the velocity at t=16 seconds using the direct method for linear 
interpolation.

0 0

10 227.04

15 362.78

20 517.35

22.5 602.97

30 901.67

Table 1 Velocity as a function 
of time.

Figure 1 Velocity vs. time data for the 
rocket example

( )s ,t ( ) ( )m/s ,tv



Solving by Linear Interpolation

( ) taatv 10 +=

( ) ( ) 78.3621515 10 =+= aav

( ) ( ) 35.5172020 10 =+= aav

Solving the above two equations gives,

 

93.1000 −=a 914.301 =a

Hence

( ) .2015,914.3093.100 +−= tttv

( ) ( ) m/s 7.39316914.3093.10016 =+−=v

      
( )00 , yx

( )xf1

( )11, yx

x

y

Figure 3 Linear interpolation.



Solving by Quadratic Interpolation

( ) 2

210 tataatv ++=

( ) ( ) ( ) 04.227101010
2

210 =++= aaav

( ) ( ) ( ) 78.362151515
2

210 =++= aaav

( ) ( ) ( ) 35.517202020
2

210 =++= aaav

Solving the above three equations gives

05.120 =a 733.171 =a 3766.02 =a
        

( )00 , yx

( )11, yx

( )22 , yx

( )xf2

y

x

Figure 6 Quadratic interpolation.



Quadratic Interpolation (cont.)

10 12 14 16 18 20
200

250

300

350

400

450

500

550
517.35

227.04

y s

f range( )

f x desired( )

2010 x s range x desired

( ) 2010,3766.0733.1705.12 2 ++= ttttv

( ) ( ) ( )2163766.016733.1705.1216 ++=v

m/s 19.392=

The absolute relative approximate error      obtained between 
the results from the first and second order polynomial is

%38410.0

100
19.392

70.39319.392

=


−

=a

a



Solving by Cubic Interpolation

( ) 3

3

2

210 tatataatv +++=

( ) ( ) ( ) ( )33

2

210 10101004.22710 aaaav +++==

( ) ( ) ( ) ( )33

2

210 15151578.36215 aaaav +++==

( ) ( ) ( ) ( )33

2

210 20202035.51720 aaaav +++==

( ) ( ) ( ) ( )33

2

210 5.225.225.2297.6025.22 aaaav +++==

2540.40 −=a 266.211 =a 13204.02 =a 0054347.03 =a

y

x

( )xf3

( )33 , yx

( )22 , yx

( )11, yx

( )00 , yx

Figure  Cubic interpolation.



Cubic Interpolation (contd)

10 12 14 16 18 20 22 24
200

300

400

500

600

700
602.97

227.04

y s

f range( )

f x desired( )

22.510 x s range x desired

( ) 5.2210,0054347.013204.0266.212540.4 32 +++−= tttttv

( ) ( ) ( ) ( )

m/s 06.392

160054347.01613204.016266.212540.416
32

=

+++−=v

The absolute percentage relative 
approximate error       between 
second and third order polynomial is

a

%033269.0

100
06.392

19.39206.392

=


−

=a



Comparison Table

Order of 

Polynomial 
1 2 3 

( )m/s 16=tv  393.7 392.19 392.06 

Absolute Relative 

Approximate Error 
---------- 0.38410 % 0.033269 % 

 

Table 2 Comparison of different orders of the polynomial.

t(s) v (m/s)

0 0

10 227.04

15 362.78

20 517.35

22.5 602.97

30 901.67
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