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Integral calculus
The process of integration reverses the process of differentiation.

In differentiation, if f (x)=	 then	 =4x. Thus the integral of 4x is

i.e. integration is the process of moving from	 . Hence:

In integration the variable of integration is shown by adding d (the variable) 
after the function to be integrated


(J. O. Bird 2017)


the differential coefficient of	 +7 is also 4x. To allow for the possible 
presence of a constant, whenever the process of integration is performed, a 
constant ‘c’ is added to the result.



The general solution of integrals of the form

( J. O. Bird 2017)



When a sum of several terms is integrated the result is the sum of 
the integrals of the separate terms. For example:

(Obtained from J. O. Bird 2017)

Integration is the reverse process differentiation 
the standard integrals listed in below table



Problem 1. Determine


Solution:

(Obtained from J. O. Bird 2017)

Problem 2. Determine


Solution:



Problem 3. Determine (a) (b)

Solution (a):

=

Solution (b):

(Obtained from J. O. Bird 2017)



Problem 4. Determine


Solution:

(Obtained from J. O. Bird 2017)



Problem 5. Determine


Solution:

Problem 6. Determine


Solution:
( J. O. Bird 2017)



Definite integrals
Integrals containing an arbitrary constant c in their results are 
called indefinite integrals since their precise value cannot be

determined without further information. Definite integrals are those in which

(Obtained from J. O. Bird 2017)



Problem 7. Determine


Solution:

(Obtained from J. O. Bird 2017)



Algebraic substitutions
With algebraic substitutions, the substitution usually made is to let

u be equal to f(x) such that f(u)du is a standard integral. 
It is found that integrals of the forms,

(where k and n are constants) can both be integrated by substituting u for f (x).

Problem 8. Determine 
Solution: is not a standard integral



Problem 9. Find


Solution:

(J. O. Bird 2017)



Problem 10. Find


Solution:

Problem 11.


Solution:



Problem 12.


Solution:

(J. O. Bird 2017)



Change of limits
When evaluating definite integrals involving substitutions 
it is sometimes more convenient to change the limits of 
the integral as shown in Problems 13


Solution:



Integration using trigonometric 
and hyperbolic substitutions

Following Table gives a summary of the integrals that require 
the use of trigonometric and hyperbolic substitutions

(Obtained from J. O. Bird 2017)



(J. O. Bird 2017)



Problem 14.


Solution:

(J. O. Bird 2017)



Problem 15.


Solution:

Problem 16.


Solution:

( J. O. Bird 2017)



Problem 17.


Solution:

(Obtained from J. O. Bird 2017)



Problem 18.


Solution:



Problem 19.

Solution: From Problem 18

.Problem 20


Solution:


Problem 21.

Solution: (Obtained from J. O. Bird 2017)



Integration by parts



Problem 22 
Solution:

Obtained from J. O. Bird 2017



Problem 23


Solution:

J. O. Bird 2017



Problem 24.

J. O. Bird 2017



Some applications of integration

There are a number of applications of integral calculus 
in engineering. The determination of areas, mean and

r.m.s. values, volumes, centroids and second moments of area.


Areas under and between curves

In Fig 1

J. O. Bird 2017



Problem 25. Determine the area between the curve
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