
Integral Calculus 

Integral calculus is the process of finding the function itself when its derivative is known. 
This process is called integration. 

Suppose we are given the relation and we are asked to find y. 

Using our knowledge with derivatives we can say that            because we know that 
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However, the derivatives of other functions such as 
also equal 3x2. So we can say that the solution of this differential equation is 

C is a constant (constant of integration) 

This differential equation can also be written as 

We say that dy is the differential of y in terms of x and dx, and dx is the differential of x. 



The symbol ∫ denotes integration. The integral ∫f(x)dx is an indefinite integral 

and                is a definite integral. ∫
b

a

dxf (x)

Indefinite Integrals 

We have some rules that make solving integrals easier. 

1. The integral of the differential of a function x is x plus an arbitrary 
constant C. 

2. A constant, say a, may be written in front of the integral sign. 

3. The integral of the sum of two or more 
differentials is the sum of their integrals. 

4. If n ≠-1 , the integral of xndx is obtained by 
adding one to the exponent and dividing by the 
new exponent.  

When we evaluate indefinite integrals, we 
must always add the constant of integration C. 





Definite Integrals 

The area under the curve y = f(x) between 
points a and b can be found from the integral 

F(x) is the integral of f(x)dx 

means that we must first replace x with the upper value b, that is, we set x = b 
to obtain F(b), and from it we subtract the value F(a), which is obtained by 
setting x = a. 

b = upper limit of integration 
a = lower limit of integration 

Note that the constant C cancels out so we can ignore it. 





A1 

A2 

A3 

Integration of the 
function between a and 
b gives the area above 
the curve minus the 
area below the curve 
i.e. the area in blue. 



Exercises 

1. Evaluate the following indefinite integrals 

2. Evaluate the following definite integrals, that is, find the area 
under the curve for the lower and upper limits of integration. 



The Substitution Rule 

Suppose that we want to find 

Since sin(x) differentiates to cos(x), as a first guess we might try differentiating the 
function sin(x2). 

By the Chain Rule ( )
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We can remove the factor of 2 by dividing by a constant. 

So, 



This technique will work for more general integrands 

Substitution rule for indefinite integrals : for a function f(u), where u is a function of x i.e. 
u(x) and u is differentiable: 

Substitution rule for definite integrals: assume u is differentiable  and suppose c = u(a) 
and d = u(b).  





Integration by Parts 

Integration by parts for indefinite integrals 
Suppose f(x) and g(x) are differentiable and 
their derivatives are continuous. Then 

If we write u=f(x) and v=g(x) then using the 
Leibnitz notation du=f'(x)dx and dv=g'(x)dx and 
the integration by parts rule becomes 

Integration by parts for definite integrals  





x, 



Problems. 

1. Integrate each of the following differential equations. 

a.) y' = x2 - sin x 

b.) y' = 3t2 + (lnt/t) 

c.) y' = (cos x) ⋅ esin x 

d.) y' = xsinx2 

e.) y' = sin x ⋅ cos x 

f.) y' = x2 ⋅ cos x3 ⋅ sin x3 

2. Use integration by parts to calculate each of the following integrals. 

(a) ∫ x · e3x dx 

(b) ∫ x2 cos x dx 

(c) ∫ x2 e4x dx 
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