EML 3050
Analytical Tools in Mechanical Engineering

Course Syllabus: This class introduces mathematical and numerical tools relevant to practical applications in mechanical engineering.  Emphasis is placed on learning how to model real physical systems using mathematical formulation.  This will be followed by the presentation of engineering tools to obtain analytical and/or numerical solutions of the problems.  Finally, validation of the analytical models/tools will be verified by comparing the solutions to experimental results.  Subjects covered in the class include: Fourier Series and Integrals; Fourier Transform, FFT, and energy spectrum; solution of partial differential equations using separation of variables; finite difference and finite element methods; numerical interpolation and integration. 

Course Webpage: A preliminary web page has been made for this course.  It is important for you to review the page every week to receive relevant information concerning our class.  All lecture notes, homework assignments and solutions; lab assignments are downloadable from the page.  Important announcements will also be posted to keep you up to date of the progress of the class.  It contains references and web links that are relevant to the class.

Class Time: Lecture: TR 10:15-11:30, Room B115, Lab: 2.0 hours per week, time: W 5:15-7:15, Room 235 (Tentative, yet mandatory).
Instructor: Dr. C. Shih, CEB 229, Tel: (office) 410-6321, Email: shih@eng.fsu.edu, Course Web Page: http://www.eng.fsu.edu/~shih/eml3050/
Office Hours:
TR 9:00-10:00 am, W 3:00-5:00 pm 
Teaching Assistants: Mr. Ivan Lopez, ilopez@eng.fsu.edu
Textbooks: Advanced Engineering Mathematics by Erwin Kreyszig
PREREQUISITES: This course requires that you have taken and passed (with a C or better) the E-Math-I.  If you have not passed these courses, you are not prepared for this course and the instructor has the right to drop you from the course. Request for exemption should be made during the first week of class.
Grading Assignment: Homework - 15 %, Quizzes - 10 %, Lab - 10 %, Project - 15 %,        2 tests - 30 % (15% each), Final - 20 % 
Grading Scale: 90 - 100 A, 80 - 89 B, 70 - 79 C, 60 - 69 D, 0 - 59 F, Departmental policy is that a grade of C or better is required to pass this course.
Attendance: Attendance is mandatory and always be ON TIME. Unexcused absence(s) will adversely affect your final grade. In accordance with the policies of the universities, students with more than 3 UNEXCUSED ABSENCES will receive an automatic F. Excuses must be turned in to the instructor within two weeks of the absence. 
Cheating: Students caught cheating on an exam or quiz will receive an F for the class.
Homeworks: NO CREDIT will be given for late homework. Homework solutions will be provided soon after the problem set is due.  Homework is to be written on 8.5" by 11" paper - ONE SIDE only.  Pages must be stapled together.  No credit will be given for homework that does not comply with these details.  Homeworks always due one week after the assignment.
Lab Assignments: Additional lab assignments will be given weekly.  Some assignments might be computer work using finite element code, others might be short laboratory reports comparing experimental data to theoretical model predication.  Tentatively, there will be five experiments plus at least five computer assignments.  Details of assignments will be discussed.  

Quizzes: Each student is responsible for reading the course materials ahead of scheduled class time to eliminate unnecessary class lectures on formula derivations. This allows class time to be more focused on problem solving and concept discussion. Quizzes, both scheduled and unscheduled, will be given each week to evaluate the students’ readiness.  There will be NO MAKEUPS for missed quizzes. All quizzes are closed book; necessary formulas will be provided.   Warning: quizzes will be given before, during and at the end of the class period.  So there is no excuse that you leave earlier during lecture.

Learning-Through-Teaching Project: A group project will be assigned during the first week of the class.  Each group will have two or three members depending on the scope of the project.  Each group is responsible for the preparation of one 50-minute lecture about (1) the finite element method using commercial Algor code, or (2) other numerical schemes such as finite difference and/or numerical interpolation, etc.  The responsible group members will also have to serve as teaching assistants during the computer laboratory session.  A written project report will be due at the end of the semester along with all presentation materials including PowerPoint file and project web page (this is required not an option).  15% of your grade will come from the project.  Details will be discussed in class; also see course web page under student presentation link. 
Exams: In addition to quizzes, there will be 2 scheduled in-class exams: No makeup exams will be given unless legitimate excuse is provided with the approval of instructor.   All exams are closed book; necessary formulas will be provided.  

Final Exam: A final exam (20% of the grade) is scheduled during finals week. The final exam is closed book; necessary formulas will be provided.

Tentative schedule for Analytical Tools in Mechanical Engineering

	Schedule
	Topics
	Chapters

Kreyszig’s book
	Lab

	Week 1
	Fourier series of periodic functions
	10.1-10.2
	

	
	F-series of functions of any period
	10.3-10.4
	

	Lab
	Forced oscillation 
	10.6
	Forced oscillation of a spring-damper system (single frequency), resonance

	Week 2
	Fourier Integral
	10.8
	

	
	Fourier Transform and energy spectrum
	10.9, 10.10
	

	Lab
	
	
	Forced oscillation of a spring-damper system (multiple frequency)

	Week 3
	PDE (general concept)
	
	

	
	PDE (1-D wave equation)
	11.1-11.2
	

	Lab
	Vibrating string, normal modes, nodes
	11.3
	Vibrating string experiment

	Week 4
	2-D heat transfer equation
	11.5
	

	
	Transient conduction with convective boundary conditions
	HT textbook
	

	Lab
	2-D Wave equation, membrane
	11.7
	Unsteady heat transfer

Vibrating Chaldni plate

	Week 5
	2-D Wave equation
	11.8
	

	
	Laplace’s equation (2-D heat transfer equation)
	Supplementary 
	

	Lab
	Test 1
	
	

	Week 6
	2-D heat transfer (separation of variables)
	Supplementary
	

	
	Finite difference formulation
	19.4
	

	Lab
	2-D heat transfer equation
	19.4-19.5
	2-D steady heat transfer conduction experiment

	Week 7
	System of difference equations
	19.4, 18.3
	

	
	1-D unsteady heat transfer equation
	19.6
	

	Lab
	Numerical stability (Implicit (Crank-Nicolson Method) & Explicit algorithm)
	19.6, 18.3
	Computer lab

Gauss elimination & Gauss-Seidel iterative methods

	Week 8
	Numerical analysis, solution by iteration
	17.2
	

	
	Interpolation, Lagrange Interpolation, Splines
	17.3 & 17.4
	

	Lab
	
	
	Computer lab

	Week 9
	FEM: General Overview – Structures and Elements
	Supplementary
	

	
	2-D Truss System – deriving stiffness matrix for truss element
	Supplementary
	

	Lab
	
	
	Introduction to Algor – simple truss

	Week 10
	FEM:  2-D truss system – structure stiffness matrix
	Supplementary
	

	
	Continuous 1-D system and interpolation functions
	Supplementary
	

	Lab
	Test 2
	
	

	Week 11
	FEM:  2-D elasticity theory
	Supplementary
	

	
	Interpolation in 2-D
	Supplementary
	

	Lab
	
	
	Algor: Simple beam structure

	Week 12
	FEM:  Potential Energy Approach
	Supplementary
	

	
	Stiffness matrix derivation using energy
	Supplementary
	

	Lab
	
	
	Algor: Plane Stress example, plate example

	Week 13
	FEM: 2-D element formulation
	Supplementary
	

	
	Element formulation for heat transfer
	Supplementary
	

	Lab
	
	
	Algor: Heat conduction

	Week 14
	Review
	
	

	
	Review
	
	

	Lab
	Review
	
	


