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Course Topics 

1. Introduction to Differential Equations 

2. Modeling with Higher Order Linear Differential Equations. 

3. Systems of Differential Equations. 

4. Applications of Ordinary Differential Equations. 

5. Fourier series  

6. Partial Differential Equations. 

7. Functions of complex variables 

 
 
 

Course Learning Outcomes: 

By the end of successful completion of this course, the student will be able to: 

 

1. Think logically and mathematically for solving practical problems such as 

mechanical vibrations, fluid flow problems, heat transfer problems. 

2. Practice modeling and be able to translate engineering and physical situations into 

a mathematical model 

3. To gain experience and further mastery of complete problem, solving fluency 

based on Fourier Series and Partial Differential Equations. 

4. Use proper assumptions to describe the complex behaviour of practical problems 

and able to read and interpret problem objectives. 

5. Realize modelling with partial differential equations and Fourier analysis for solving 

various practical applications 
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Chapter 1: Modeling with Higher Order Linear 
Differential Equations. 

 

To solve an engineering problem, we first have to formulate the problem as a 

mathematical expression in terms of variables, functions, and equations. Such an 

expression is known as a mathematical model of the given problem. The process of 

setting up a model, solving it mathematically, and interpreting the result in physical or 

other terms is called mathematical modeling 

 

 

 

 

 

 

 

 

 

 

1 Separable ODEs. Modeling 
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Example Heating an Office Building (Newton’s Law of Cooling) 
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2 Exact ODEs. 

 

 

This is called an implicit solution 
 

 
 
 
 
The condition to be an exact differential equation is: 
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3 Linear ODEs. 
A first-order ODE is said to be linear if it can be brought into the form 

 

 

 

 

The desired solution formula 
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Example 1: 

 

 

Example 2: 
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4 Homogeneous linear equations with constant coefficients; 
For a linear differential equation, an nth-order initial-value problem is 

 

with g(x) not identically zero, is said to be nonhomogeneous and it will be homogeneous, 

when g(x)=0 
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5 Modeling of Free Oscillations of a Mass–Spring System 
We take an ordinary coil spring that resists extension as well as compression. We suspend it 
vertically from a fixed support and attach a body at its lower end, for instance, an iron ball, as 
shown in Fig. 33. We let y=0 denote the position of the ball when the system is at rest (Fig. 33b). 
Furthermore, we choose the downward direction as positive, thus regarding downward forces as 
positive and upward forces as negative. 
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Example 
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Example 
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6 Modeling: Forced Oscillations. Resonance 
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We see that, because of the factor t, the amplitude of the vibration becomes larger and larger. 
Practically speaking, systems with very little damping may undergo large vibrations that can 
destroy the system. We shall return to this practical aspect of resonance later in this section. 
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