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Course Specifications
1. Basic Information
	PHM 112s
	Differential Equations and Numerical Analysis
	4 CH

	Prerequisites
	Mathematics (2) (PHM 013s)

	Number of weekly Contact Hours

	Lecture
	Tutorial
	Laboratory

	3 
	2 
	0

	Required SWL
	150 
	Equivalent ECTS
	6

	Course Content

	First Order Differential Equations, Higher Order Differential equations, Laplace Transform, Fourier Series, Partial Differential Equations, Numerical Methods for Solving Ordinary Differential Equations, Numerical Methods for Solving Partial Differential Equations.


	Used in Program / Level

	Program Name or requirement
	Study Level

	Civil Engineering Requirement
Mechanical Engineering Requirement
	             1

	Assessment Criteria

	Student Activities
	Mid-Term Exam
	Practical Exam
	Final Exam

	20 %
	20%
	0 %
	 60 %

	Exam Duration [Hours]
	1 
	
	3




2. Course Aims

The aim of this course is to provide students with the ability to identify and solve different types of ordinary differential equations, expand periodic functions by Fourier series, evaluate Laplace transform of different functions, classify and solve different types of partial differential equations, and apply numerical methods to solve ordinary and partial differential equations.

3. Program Competencies Served by Course
B: Program Competences (B1c)
B1c. Select appropriate and sustainable technologies for construction of buildings, infrastructures and water structures; using either numerical techniques or physical measurements and/or testing by applying a full range of civil engineering concepts and techniques of: Structural Analysis and Mechanics, Properties and Strength of Materials, Surveying, Soil Mechanics and Fluid Mechanics.
4. Learning Outcomes (LOs)

	[bookmark: _Hlk62934194]Cognitive Domain

	1
	Select suitable method for solving, numerically and analytically, different types of ordinary and partial differential equations.  

	2
	Evaluate Laplace transform for specified functions and solve differential/integral equations using Laplace transform.

	3
	Apply Fourier series for expanding periodic functions and solving boundary value problems.

	Psychomotor Domain

	4
	Draw graphically periodic functions and solution of specific types of differential equations modelling engineering problems. 

	Affective Domain

	5
	Discuss the role of differential equations in modelling and understanding engineering problems. 



5. Course LOs Mapping with Level of Competencies
For Civil Engineering:
	[bookmark: _Hlk63208693]LOs
	Competences 

	
	B1c

	1
	●

	2
	●

	3
	●

	4
	●

	5
	●


For Mechanical Engineering:
	LOs
	Competences 

	
	B1m

	1
	●

	2
	●

	3
	●

	4
	●

	5
	●



6. Assessment and Feedback Strategy
1. Assignments (online, written)
2. Quizzes (online, written)
3. Written examinations (midterm & final term)

7. Teaching and Learning Methods
· Interactive Lectures (including distance learning by using Microsoft Teams platform)
· Tutorials (including distance learning by using Microsoft Teams platform)
· Self-Readings

8. List of References
-   D. G. Zill. A First Course in Differential Equations with Modeling Applications –                     10th Edition. Publisher: Cengage Learning, 2013. ISBN 13: 978-1111827052.

-    D. G. Zill.  Differential Equations with Boundary-Value Problems – 9th Edition. Publisher: Cengage Learning, 2016. ISBN-13: 978-1305965799.
-    E. Kreyszig. Advanced Engineering Mathematics – 10th Edition. John Wiley, 2011. ISBN-13 : 978-0470458365.

9. Study Plan

	Week
	Course Content 
	Lecture
Hours
	Tutorial
Hours

	1
	Introduction to ordinary differential equations (ODEs). Methods of solution for 1st order ODEs.
	3
	2

	2
	 Methods of solution for 1st order ODEs (Continue). 
	3
	2

	3
	Second order ODEs reduced to first order ODEs, Introduction to Linear ODEs with constant coefficients. Finding the complementary function solution.
	3
	2

	4
	Finding particular integral solution using method of variation of parameters. Introducing Operator method to find the particular integral solution. 
	3
	2

	5
	Operator method (continue). Solving System of ODEs by operator method.
	3
	2

	6
	Introduction to Laplace transform, finding Laplace transform of elementary functions. 
	3
	2

	7
	Inverse Laplace transform and convolution theorem. 
	3
	2

	8
	Solving differential and integral equations using Laplace transform. 
	3
	2

	9
	Numerical methods for solving ordinary differential equations.
	3
	2

	10
	Fourier series expansion of periodic functions.
	3
	2

	11
	Introduction to partial differential equations (PDEs), classification, solution.
	3
	2

	12
	Method of separation of variables for the solution of PDEs. 
	3
	2

	13
	Applying the method of separation of variables to Wave equation. 
	3
	2

	14
	Numerical methods for solving partial differential equations.
	3
	2

	15
	Revision
	3
	2

	Total Number of Hours
	45
	30



10. Course Content / LOs Matrix
	
	Course Content 
	1
	2
	3
	4
	5

	1
	Introduction to ordinary differential equations (ODEs).
	⬤
	
	
	
	⬤

	2
	 Methods of solution for 1st order ODEs. 
	⬤
	
	
	
	

	3
	Second order ODEs reduced to first order ODEs, Introduction to Linear ODEs with constant coefficients. Finding the complementary function solution.
	⬤
	
	
	
	

	4
	Finding particular integral solution using method of variation of parameters. 
	⬤
	
	
	
	

	5
	Introducing Operator method to find the particular integral solution. Solving System of ODEs by operator method.
	⬤
	
	
	
	

	6
	Introduction to Laplace transform, finding Laplace transform of elementary functions. 
	
	⬤
	
	
	

	7
	Inverse Laplace transform and convolution theorem. 
	
	⬤
	
	
	

	8
	Solving differential and integral equations using Laplace transform. 
	⬤
	⬤
	
	⬤
	⬤

	9
	Numerical methods for solving ordinary differential equations.
	⬤
	
	
	
	

	10
	Fourier series expansion of periodic functions.
	
	
	⬤
	⬤
	

	11
	Introduction to partial differential equations (PDEs), classification, solution.
	⬤
	
	
	
	⬤

	12
	Method of separation of variables for the solution of PDEs. 
	⬤
	
	
	
	

	13
	Applying the method of separation of variables to Wave equation. 
	⬤
	
	⬤
	⬤
	

	14
	Numerical methods for solving partial differential equations.
	⬤
	
	
	
	



11. Assessment and Feedback Strategies / LOs Matrix

	Assessment
	1
	2
	3
	4
	5

	Assignments
	⬤
	⬤
	⬤
	⬤
	⬤

	Quizzes
	⬤
	⬤
	⬤
	
	

	Mid-Term Exam
	⬤
	⬤
	
	
	

	Final Exam
	⬤
	⬤
	⬤
	
	



12. Teaching & Learning Methods / LOs Matrix

	Learning Method
	1
	2
	3
	4
	5

	Interactive Lectures
	⬤
	⬤
	⬤
	⬤
	⬤

	Tutorial
	⬤
	⬤
	⬤
	⬤
	

	Self-Reading
	
	
	
	
	⬤
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