
LECTURE 11

Mathematics for Biochemistry

Integration 2



Content:

- Definite integration

- Substitution method

- Per partes method

- Properties

- Applications

- Improper integrals



Definite Integration – simple examples
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Example 1.



Definite Integration – simple examples
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  Example 3.

Warning!
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Definite Integration – substitution method
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Example 4.
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or carry out indefinite integration, go back to original variable and use the original limits 



Definite Integration – per partes method
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Example 5.

Example 6.
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Definite Integration – properties
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Definite integrals – properties (mean value theorem)

First mean value theorem for definite integrals:

Let f(x) be a continuous function on <a, b>. Then there exists a point c in <a, b>, 

such that it is valid:

Simply: The area below the graph f(x) can be approximated by a rectangle with

the height f(c) – and for continuous functions there always exists such a

point c in <a, b> (... and we do not have to know its exact value).

f(c) – mean value



Definite integrals – properties

(the definite integral as a function of its integration bounds)

What will happen when we set for the upper bound not a number, 

but a variable?

Such expressions are called as integrals as a function of its upper bound 

(in general: function as a function of its integration bounds).



The definite integral as a function of its integration bounds.



The definite integral as a function of its integration bounds.

An interesting question arises (?): 

Comment: For indefinite integrals it is clear that the differentiation

of their result is the original function (it is an opposite operation). 

But this is not the case for definite integrals (because the results

of them are numbers=constants); 

Only for the definite integral as a function of its integration bounds

we can write this result.



Definite integrals – some applications
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Example 7. Find the area of region bounded by two functions: 
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Boundaries are intersection 

points of given functions



Find the length of the given function on the interval <1,10>Example 8.

( )
2 1

ln
4 2

x
f x x= −

( ) ( )

( )
( )

210
2

1

22 210 102

2

1 1

1010 2 2

1 1

1 1
1 1

2 2 2 2

11
1

2 2

1 1 99 1
ln ln10

2 4 2 4 2

b

a

x x
L f x dx f x L dx

x x

xx
dx dx

x x

x x
dx x

x

 
 = + → = − → = + − =    

 

+ −
= + = = 

 

 +
= = + = − 

 

 

 





Find the volume of the conical frustumExample 9.
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Improper integrals

Integration on the unbounded interval
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if the function f(x) is unbounded 

or discontinuous on given interval



Improper integrals

Example 10.
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Example 11.
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