
1 
 

First year/ 2
nd

 Semester - 2018-2019- Chemical and Petroleum Engineering 

Department 
 

By 

MsC. Yasir R. Al-hamdany 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Lecture – One     Integration Techniques 

Integration Techniques 

Integration by Parts 

 

Integrals Involving Trig 

Functions. 

Integrals Involving Partial 

Fractions. 
 

Problems. 

Integrals Involving Roots. 
 



2 
 

Integration Techniques:- 

1- Integration by Parts 
So let’s derive the integration by parts formula. We’ll start with the product rule. 

 

 

 

 
Example 1 Evaluate the following integral  

 

 
Solution  

 

 

 

 

 



3 
 

 

 

 

 

 



4 
 

 

 

 



5 
 

 
 
Example 6 Evaluate the following integral.  
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2- Integrals Involving Trig Functions. 

Let’s start off with an integral that we should already be able to do. 

 

 
The exponent on the remaining sines will then be even and we can easily 

convert the remaining sines to cosines using the identity, 
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The integrals involving products of sines and cosines in which both 

exponents are even can be done using one or more of the following formulas 

to rewrite the integrand. 
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It’s now time to look at integrals that involve products of secants and tangents.  

This time, let’s do a little analysis of the possibilities before we just jump into 

examples. The general integral will be, 
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3- Integrals Involving Partial Fractions. 

let’s start this section out with an integral that we can already do so we can 

contrast it with the integrals that we’ll be doing in this section. 

 
So, if the numerator is the derivative of the denominator (or a constant multiple 

of the derivative of the denominator) doing this kind of integral is fairly simple. 

However, often the numerator isn’t the derivative of the denominator (or a 

constant multiple). For example, consider the following integral. 

 
This process of taking a rational expression and decomposing it into simpler rational expressions that 

we can add or subtract to get the original rational expression is called partial fraction decomposition. 

Many integrals involving rational expressions can be done if we first do partial fractions on the 

integrand.  

So, let’s do a quick review of partial fractions. We’ll start with a rational expression in the 

form, 
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There are several methods for determining the coefficients for each term and we will go over each of 

those in the following examples.  

Let’s start the examples by doing the integral above. 
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In other words we will need to set the coefficients of like powers of x equal. This will give a system of 

equations that can be solved.  
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To this point we’ve only looked at rational expressions where the degree of the 

numerator was strictly less that the degree of the denominator. Of course not all 

rational expressions will fit into this form and so we need to take a look at a 

couple of examples where this isn’t the case. 
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4- Integrals Involving Roots. 
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6- Improper Integrals. 

A- Infinite Interval. 
In this kind of integral one or both of the limits of integration are infinity. 

In these cases the interval of integration is said to be over an infinite 

interval. 

 
Solution. 
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B-   Discontinuous Integrand.  
We now need to look at the second type of improper integrals that we’ll be 

looking at in this section. These are integrals that have discontinuous integrands. 

The process here is basically the same with one subtle difference. Here are the 

general cases that we’ll look at for these integrals. 
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7- Comparison Test for Improper Integrals. 

Now that we’ve seen how to actually compute improper integrals we need to 

address one more topic about them. Often we aren’t concerned with the actual 

value of these integrals. Instead we might only be interested in whether the 

integral is convergent or divergent. Also, there will be some integrals that we 

simply won’t be able to integrate and yet we would still like to know if they 

converge or diverge.  

To deal with this we’ve got a test for convergence or divergence that we can use 

to help us answer the question of convergence for an improper integral. 

 

 

 

Solution. 

 

Therefore, it seems likely that the denominator will determine the 

convergence/divergence of this integral and we know that  
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Therefore, since the exponent on the denominator is less than 1 we can guess that the integral will 

probably diverge. We will need a smaller function that also diverges.  
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A- Arc Length. 
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B- Surface Area. 

 

 
We know from the previous section that, 
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2- Parametric Equations and Curves. 

 

 

 

 

 
We have one more idea to discuss before we actually sketch the curve. Parametric curves have a 

direction of motion. The direction of motion is given by increasing t. So, when plotting parametric 

curves we also include arrows that show the direction of motion.  
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Example 3 Sketch the parametric curve for the following set of parametric equations. Clearly indicate 

direction of motion.  
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Example 4 
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3- Tangents with Parametric Equations. 
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Derivative for Parametric Equations 
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4- Arc Length with Parametric Equations. 

 
To use this we’ll also need to know that, 
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5- Surface Area with Parametric Equations. 
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6- Problems. 
A- Arc Length. 

 

B- Surface Area. 
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C- Parametric Equations and Curves. 
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D- Tangents with Parametric Equations. 

 
E- Area with Parametric Equations. 
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F- Arc Length with Parametric Equations. 

 

 
G- Surface Area with Parametric Equations. 
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1- Polar Coordinates 
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2-  Common Polar Coordinate Graphs. 

Let’s identify a few of the more common graphs in polar coordinates. We’ll 

also take a look at a couple of special polar graphs. 
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3- Tangents with Polar Coordinates. 
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4- Arc Length with Polar Coordinates. 

In this section we’ll look at the arc length of the curve given by, 
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5- Area Polar Coordinates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

figure below, is approximated by a circular sector with area element 
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Example 1. Find the area bounded by the polar curve 
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6- Problems.  

A- Polar Coordinates.     
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B- Tangents with Polar Coordinates. 

C- Area with Polar Coordinates. 

  
D- Arc Length with Polar Coordinates. 
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1- Sequences. 

A sequence is nothing more than a list of numbers written in a specific order. 

General sequence terms are denoted as follows, 
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2- Terminology and Definitions. 
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3- Series – The Basics. 
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Example -1 Determine if the following series is convergent or divergent.  
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4- Type of Series. 

A- Geometric Series. 

 

Recall that by multiplying Sn by r and subtracting the result from Sn one obtains 
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B- Power Series.  
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C- Alternating Series. 
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5- Comparison Test . 
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6- Absolute Convergence. 
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7- Ratio Test. 
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8- Root Test. 
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9- Taylor Series. 

 

 
However, if we take the derivative of the function (and its power series) then 
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10-  Problems. 

A- Sequences. 

 

 

 



120 
 

Problems                                                                                                                 Sheet No.5 

B- Series. 
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C- Comparison Test. 

 

 
 

D- Absolute Convergence. 
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E- Ratio Test. 

 
F- Root Test. 

 
G- Power Series. 
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H- Taylor Series. 
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2- Vector Arithmetic 
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3- Dot Product   
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4- Applications of Dot Products 

A. Find the angle between two vectors. 
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B. Determine parallel and orthogonal of vectors. 
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C. Projections. 
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D. Direction cosine. 
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5- Cross Product. 

 
 


