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Chapter 05.02
Direct Method of Interpolation – More Examples
Chemical Engineering
Example 1

To find how much heat is required to bring a kettle of water to its boiling point, you are asked to calculate the specific heat of water at 
[image: image1.wmf]C

61

°

. The specific heat of water is given as a  function of time in Table 1. 
Table 1  Specific heat of water as a function of temperature.
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[image: image2.wmf]T



[image: image3.wmf](

)

C

°


	Specific heat, 
[image: image4.wmf]p

C


 
[image: image5.wmf]÷

÷

ø

ö

ç

ç

è

æ

°

-

C

kg

J



	22

42

52

82

100
	4181

4179

4186

4199

4217


Determine the value of the specific heat at 
[image: image6.wmf]C

61
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T

 using the direct method of interpolation and a first order polynomial.
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	                        Figure 1  Specific heat of water vs. temperature.


Solution
For first order polynomial interpolation (also called linear interpolation), we choose the specific heat given by
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	         Figure 2   Linear interpolation.


Since we want to find the specific heat at 
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, and we are using a first order polynomial, we need to choose the two data points that are closest to 
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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

To find how much heat is required to bring a kettle of water to its boiling point, you are asked to calculate the specific heat of water at 
[image: image27.wmf]C

61

°

. The specific heat of water is given as a function of time in Table 2. 

Table 2  Specific heat of water as a function of temperature.
	Temperature, 
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Determine the value of the specific heat at 
[image: image32.wmf]C
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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 specific heat given by
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	        Figure 3   Quadratic interpolation.


Since we want to find the specific heat at 
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, and we are using a second order polynomial, we need to choose the three data points that are closest to 
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 to evaluate it. The three points are 
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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 
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 obtained between the results from the first and second order polynomial is
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Example 3

To find how much heat is required to bring a kettle of water to its boiling point, you are asked to calculate the specific heat of water at 
[image: image56.wmf]C

61

°

. The specific heat of water is given as a function of time in Table 3. 

Table 3  Specific heat of water as a function of temperature.

	Temperature, 
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Determine the value of the specific heat at 
[image: image61.wmf]C
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 using the direct method of interpolation and a third order polynomial.  Find the absolute relative approximate error for the third order polynomial approximation.

Solution
For third order polynomial interpolation (also called cubic interpolation), we choose the specific heat given by
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	         Figure 4  Cubic interpolation.


Since we want to find the specific heat at 
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, and we are using a third order polynomial, we need to choose the four data points closest to 
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Writing the four equations in matrix form, we have
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Solving the above four equations gives
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The absolute relative approximate error 
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 obtained between the results from the second and third order polynomial is


[image: image91.wmf]100

0

.

4190

2

.

4191

0

.

4190

´

-

=

Î

a



       
[image: image92.wmf]%

027295

.

0

=


	INTERPOLATION
	

	Topic
	Direct Method of Interpolation

	Summary
	Examples of direct method of interpolation.

	Major
	Chemical Engineering

	Authors
	Autar Kaw

	Date
	August 12, 2009

	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  ���








� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








� EMBED Equation.3  ���



























































05.02.1


[image: image94.wmf](

)

x

f

3

[image: image95.wmf](

)

2

2

,

y

x

[image: image96.wmf]x

[image: image97.wmf]y

[image: image98.wmf](

)

x

f

2

[image: image99.wmf](

)

2

2

,

y

x

[image: image100.wmf](

)

1

1

,

y

x

[image: image101.wmf](

)

0

0

,

y

x

[image: image102.wmf](

)

3

3

,

y

x

[image: image103.wmf](

)

1

1

,

y

x

[image: image104.wmf]x

[image: image105.wmf]y

[image: image106.wmf]x

[image: image107.wmf](

)

x

f

1

[image: image108.wmf](

)

1

1

,

y

x

[image: image109.wmf](

)

0

0

,

y

x

[image: image110.wmf]y

_1309004878.unknown

_1309007168.unknown

_1309346899.unknown

_1311603937.unknown

_1311604824.unknown

_1311605060.unknown

_1311605065.unknown

_1311605051.unknown

_1311604559.unknown

_1311603975.unknown

_1311406770.unknown

_1311406971.unknown

_1311603776.unknown

_1311603848.unknown

_1311406991.unknown

_1311406788.unknown

_1311406733.unknown

_1311406752.unknown

_1311406469.unknown

_1311406490.unknown

_1311406515.unknown

_1311406413.unknown

_1311406257.unknown

_1309162379.unknown

_1309162724.unknown

_1309162411.unknown

_1309162505.unknown

_1309162349.unknown

_1309162359.unknown

_1309162317.unknown

_1309007200.unknown

_1309005907.unknown

_1309006333.unknown

_1309006742.unknown

_1309007061.unknown

_1309007074.unknown

_1309007090.unknown

_1309007067.unknown

_1309006762.unknown

_1309006584.unknown

_1309006617.unknown

_1309006644.unknown

_1309006655.unknown

_1309006638.unknown

_1309006610.unknown

_1309006546.unknown

_1309006568.unknown

_1309006462.unknown

_1309006526.unknown

_1309006277.unknown

_1309006294.unknown

_1309006018.unknown

_1309006185.unknown

_1309006011.unknown

_1309005150.unknown

_1309005721.unknown

_1309005850.unknown

_1309005339.unknown

_1309005004.unknown

_1309005112.unknown

_1309004924.unknown

_1291114074.unknown

_1291114110.unknown

_1291114513.unknown

_1291114589.unknown

_1308692805.unknown

_1291114632.unknown

_1291114635.unknown

_1291114591.unknown

_1291114561.unknown

_1291114583.unknown

_1291114545.unknown

_1291114159.unknown

_1291114307.unknown

_1291114499.unknown

_1291114163.unknown

_1291114129.unknown

_1291114147.unknown

_1291114117.unknown

_1291114091.unknown

_1291114104.unknown

_1291114107.unknown

_1291114098.unknown

_1291114081.unknown

_1291114087.unknown

_1291114078.unknown

_1291113593.unknown

_1291113603.unknown

_1291113609.unknown

_1291113596.unknown

_1291113518.unknown

_1291113588.unknown

_1096122352.unknown

_1291113486.unknown

_1096122324.unknown

