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Course Review Package

Spring 2001

Course Review held on: 

EngrMech 421

Vibrations
Offered:  Spring Semester, odd years Only

Number of Credit Hours:  3(1)

Prerequisites for this Course: EM320 or Physics 355

Co-requisites for this Course: Math 346
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Course Director:  Capt Michelle Idle

No other instructors

1. COURSE DESCRIPTION 

Engr Mech 421.  Vibrations.  3(1).  Free and forced vibrations of discrete systems.  Effect of viscous and other types of damping considered.  Matrix methods used to analyze multi-degree-of-freedom systems.  Dynamic analysis of continuous systems.  Final exam or final project.  Prereq:  Engr Mech 320 or Physics 355; completed or enrolled in Math 346.  Sem Hrs: 3 spring of odd-numbered years.

Textbook:  Engineering Vibration (2nd ed.), Daniel J. Inman, Prentice Hall.
1.1 Goals and Objectives 

1.1.1 Course Goals - Students will develop a fundamental understanding concerning oscillatory motion of bodies and the forces associated with them.
1.1.2 Course Objectives - Cadets should be able to:

1.0 Develop and solve the equations of motion for discrete systems

2.0 Determine the position, velocity and acceleration time response for discrete systems subject to

2.1 Free motion

2.2 Forced motion

2.3 Damped motion

3.0 Develop and solve partial differential equations associated with free vibration in strings and rods

4.0 Estimate the fundamental frequency and mode shapes of an oscillatory system
5.0 Model real-world systems using discrete and continuous elements
1.1.3 Mapping to Program Curricular Outcomes 

	
	1a.  Application of the fundamental analysis concepts of engineering mechanics to solve engineering problems.
	1b.  Application of the fundamental analysis concepts of mechanical engineering to solve engineering problems
	2a.  Modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions.
	2b.  Modeling, design, and fabrication techniques of thermal and mechanical systems under real-world conditions
	3a.  Use of contemporary engineering mechanics analysis, design, and test tools.
	3b.  Use of contemporary mechanical engineering analysis, design, and test tools
	4.  Experimental techniques to include test design, execution, data analysis and interpretation.
	5.  Written and oral communications skills.
	6.  Knowledge of ethical and professional responsibilities.
	7.  Breadth and depth of engineering knowledge and skills to effectively identify and solve the types of complex, interdisciplinary problems they will encounter as Air Force engineers.
	8.  Ability to be effective interdisciplinary team members and leaders.
	9.  Skills to be independent life-long learners while knowing when to seek help.
	10.  Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers and citizens in our global society.
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1.2 Course Content – Course Syllabus 

	TOPIC
	READING
	LESSONS
	COURSE OBJECTIVES

	Single Degree-of-Freedom Systems
	1.1-1.3, 1.7, 1.10
	1-9
	1.0, 2.1, 2.3, 4.0, 5.0

	SDOF Response to Harmonic Excitation
	2.1-2.4, 2.5
	10-16
	1.0, 2.2, 4.0, 5.0

	GR1
	
	17
	1.0, 2.0, 4.0

	SDOF General Forced Response
	3.1-3.3
	18-23
	1.0, 2.0, 4.0, 5.0

	Multiple Degree-of-Freedom Systems
	4.1-4.6
	24-32
	1.0, 2.0, 4.0, 5.0

	GR2
	
	33
	1.0, 2.0, 4.0

	Vibration Suppression/Isolation
	5.1-5.2
	35-36
	1.0, 2.0, 4.0, 5.0

	Distributed Parameter/Continuous Systems
	6.1-6.3
	37-38
	1.0, 2.0, 3.0, 4.0, 5.0

	Final
	
	41-42
	1.0, 2.0, 3.0, 4.0


1.2.1 Summary of Graded Events 

	GRADED EVENT
	TIME ALLOTTED
	PERCENT OF GRADE
	COURSE OBJECTIVE

	IP
	~ 5 lessons
	5%
	1.0, 2.0, 4.0, 5.0

	Quizzes
	4 lessons
	5%
	1.0, 2.0, 3.0, 4.0

	Project 1
	
	5%
	1.0, 2.1. 4.0

	Project 2
	
	10%
	1.0, 2.0, 4.0, 5.0

	GR1
	16 lessons
	20%
	1.0, 2.0, 4.0

	GR2
	16 lessons
	20%
	1.0, 2.0, 4.0

	Final
	40 lessons
	35%
	1.0, 2.0, 3.0, 4.0


1.3 Course Placement 

1.3.1 Course Flow Map  


1.3.2 Prerequisites – EM320 or Phys 355, Math 346

· Linear differential equations, partial differential equations, Fourier analysis, numerical concepts, eigenvalues and eigenvectors
1.3.3 Courses Fed – None

1.3.4 Replacements and Waivers  - None

1.4 Course Policies 

· Cadets must achieve a minimum of 60% to pass EM421.

1.5 General Course Delivery 

· Taught more as graduate level course; minimal turn-ins, no homework collection
· Lectures based on development of material, including derivations, minimal example problems worked in-class
· IP points earned as quizzes, in-class presentations
· Majority of points from 2 GRs, final
· Syllabus tentative at beginning of semester, outlined topics and sections of text to be covered with estimated number of lessons
1.6 Changes from Previous Offerings 

· Modified course objectives to be more succinct

Objectives from Spring '99 were too specific (reference Curriculum Committee comments) and did not address all EM/ME program objectives that they could (Course Objective Recommendation #2, Spring 99 CRP)

· Changed textbook (Course Content Recommendation, Spring 99 CRP)

· Reduced energy/energy methods

Change in textbook led to increased coverage of other topics, not leaving time for detailed development of energy methods

· Reintroduced Matlab

New textbook based on Matlab, utilizes Matlab toolbox to visually illustrate examples

· Reintroduced group project for project #2 (although 2/10 students chose to work independently) (Course Administration Recommendation #2, Spring 99)

· IP points reduced to 5% of overall grade (Course Administration Recommendation #1, Spring 99)

· Students given course goal/objectives at beginning of course (Course Policy Recommendation, Spring 99)

1.7 Course Resources

1.7.1 Supplies 

· No supplies were purchased

· Used standard vibrations demos on cart

1.7.2 Equipment/Computers 

· Cadets installed Matlab on personal computers (not installed on Lab computers); department already owned licenses

1.7.3 Needs/Desires 

· Continue use of Matlab, maintain license and possibly expand number to include some machines in cadet lounge

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? 

2.1.1 Student and Instructor Assessment - Rate ability to complete objectives

0 - strongly disagree, 1 - disagree, 2 - neutral, 3 - agree, 4 - strongly agree

	Question
	Students
	Course Director

	1.0 Develop and solve equations of motion for discrete systems
	3.76
	3.25

	2.1 Determine the position, velocity and acceleration time response for discrete systems subject to free motion
	3.74
	3.75

	2.2 Determine the position, velocity and acceleration time response for discrete systems subject to damped motion
	3.57
	3.75

	2.3 Determine the position, velocity and acceleration time response for discrete systems subject to forced motion
	3.28
	3.00

	3.0 Develop and solve partial differential equations associated with free vibration in strings and rods
	2.66
	1.50

	4.0 Estimate the fundamental frequency and mode shapes of an oscillatory system
	3.26
	3.50

	5.0 Model real-world systems using discrete and continuous elements
	2.77
	3.00


2.1.2 Assessment Based Upon Graded Events  

	GRADED EVENT
	AVERAGE SCORE
	COURSE OBJECTIVES

	IP
	91%
	1.0, 2.0, 4.0, 5.0

	Quizzes
	90%
	1.0, 2.0, 3.0, 4.0

	Project 1
	57%
	1.0, 2.1. 4.0

	Project 2
	82%
	1.0, 2.0, 4.0, 5.0

	GR1
	82%
	1.0, 2.0, 4.0

	GR2
	82%
	1.0, 2.0, 4.0

	Final
	79%
	1.0, 2.0, 3.0, 4.0


· 2/10 students did not turn in Project 1

· 2 others turned in Project 1 more than 24 hours late

2.1.3 Other Student Assessment (Standard Course Critique)
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Notable questions (#13-19 pertain to course):

· #13:  Course organization

· #14:  Clarity of course objectives

· #15:  Degree to which course met stated objectives

· #19:  Quality and usefulness of text 

2.1.4 Other Student Assessment (Supplemental Critique) - Student Comments

· Course was well designed; easy to follow and progressed in a natural manner

· Projects were well spaced and applicable

· Not grading homework was a plus

· Having homework not collected was great because it stopped "busy work" if you already understood

· Workload expected was very reasonable and enforced skills learned in course

· Keep the book and syllabus: good structure

· I think we learned what we needed to know at this level

· Work load was reasonable

· Liked how the class was set up: although there was a lot to be learned, it was your responsibility

· Class was challenging but not impossible

2.1.5 Other Course Director Assessment 

· Need more time, and an objective, on continuous systems; students struggle to understand concepts in short time frame

· Majority of class lecture based on development of solution methods, but there is no objective addressing this development

· Tried to introduce Matlab, but need to force more use of it to facilitate learning; mandatory tutorial and one homework turn-in, did not mandate use for projects

· Text proved to be asset; several students followed along with lecture and derivations in text

· Small class (10 students) facilitated lecture-based course; students asked questions, easy to catch snoozers

· Students liked minimal graded events

· Very little EI; several students who needed help did not seek it out without encouragement

2.1.6 Other Instructor Assessment 

No other instructors.

2.2 
Are the Course Goals/Objectives Appropriate? 

· Current course goal adequately describes desired educational outcome.  Could be re-worded to better encompass the role of an Air Force officer.
· Course objectives were modified this year to get away from the almost lesson-specific format of Spring 99.  New objectives allow for more individual course director input.  New objective are measurable, but less specific.
2.3 Time Survey Data 

None taken.

2.4 Grade History Data 
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· Spring 2001:  First class cadets were ranked 1, 2, 3, (all EM majors) 8, and 9 (Engineering Science and Astro majors) out of course enrollment of 10.  Second class cadets were 4, 5, 6, 7 and 10 ( 2 EM, 3 ME majors).  The cadet at order of merit 10 was granted a waiver to take EM320 as a co-requisite.

2.5 Were Previous Recommendations Appropriate? 

· Recommendations to add course goals were not deemed appropriate and were not enacted.  Course goal remained unchanged from Spring 99.

· Changes made to course objectives were based on input from Curriculum Committee and department experts in structural dynamics/vibrations to capture fundamental concepts rather than technique-specific objectives.

· Text was changed to encourage use.

· Elimination of IP points is appropriate; IP points were reduced, and eliminating them altogether would not detract from the outcomes of the course.

3. RECOMMENDED CHANGES 
3.1 Changes to Course Goals 

· Recommendation: Re-word course goal to include application of vibrations to the Air Force

· Supporting Data:  Section 2.1.5

· Desired Outcome:  Further emphasize that graduates will be exposed to this engineering topic as Air Force officers

3.2 Changes to Course Objectives

· Recommendation #1: Add course objective addressing analysis of systems using continuous system techniques

· Supporting Data:  Section 2.1.3, 2.1.5

· Desired Outcome:  Ensure course content and objectives are in line

· Comments:  Cadets rated "degree to which course met its stated objectives" 4.6/6.0; continuous systems are taught and tested, but analysis not explicitly addressed in the objectives, only modeling is (objective 5.0)

· Recommendation #2: Add course objective addressing development of solution techniques

· Supporting Data:  Section 2.1.5

· Desired Outcome:  Ensure course content and objectives are in line

· Comments:  Course lecture is based on development of system solutions, but there is no objective addressing these derivations

3.3 Changes to Course Content 

· Recommendation #1: Increase amount of time spent on continuous systems

· Supporting Data:  Section 2.1.3, 2.1.5

· Desired Outcome:  Presented at the end of the course, cadets did not have time to really understand the application of the SDOF and MDOF analysis to continuous systems

· Comments:  There is a fine line between presenting continuous systems at a graduate level or at an undergraduate level.  In an undergraduate course, this topic can be used to demonstrate the difference in complexity between discrete and continuous systems.

· Recommendation #2: Increase use of Matlab through homework and projects

· Supporting Data:  Section 2.1.5

· Desired Outcome:  Text uses Matlab to increase visualization and demonstrate solutions; cadets need to be familiar with the software to take advantage of its capabilities

· Comments:  There is a fine line between presenting continuous systems at a graduate level or at an undergraduate level.  In an undergraduate course, this topic can be used to demonstrate the difference in complexity between discrete and continuous systems.

3.4 Changes to Course Delivery: none

3.5 Changes to Course Administration (Graded Events) 

· Recommendation:  Eliminate IP points

· Supporting Data:  Section 2.1.4, 2.1.5

· Desired Outcome:  Retain graduate-level feel of this course

· Comments:  As recommended in the Spring 99 Course Review Package, eliminating IP points in this course will not be a detriment; cadets appreciated lack of busy work and taking responsibility

3.6 Changes to Course Policies: none

3.7 Recommendations to Curriculum Assessment Committee 

· Recommendation:  Offer EM421 every spring

· Supporting Data:  Increasing EM enrollment, section 2.4

· Desired Outcome:  All EM graduates will have vibrations knowledge

· Comments:  This course offering was reduced to every other spring when the ME major was added and EM enrollment dropped very low.  As the enrollment has increased, more students want to take EM421 but have difficulty fitting it into their schedule because of the irregular offering.  First class cadets did better in the course overall.

3.8 Course Review Results

3.8.1 Committee Members Present: Col Fisher (Dept Head), Lt Col Shoales (Curriculum Dep), Capt Idle (CD), Maj Hansen (Structures Chief), Maj Butkus (Materials Chief), Maj Fawaz (Systems Chief), Dr Dennis (EM Prog Coordinator, Capt Rhymer (AIC), Capt Feland

3.8.2 Discussion and Key Decisions

3.8.2.1 Support change to course goals.  Accomplish via continued guest lectures and AF examples.

3.8.2.2 Do not change Course Objects as suggested in 3.2.  Leave as they are.

3.8.2.3 All other recommendations supported by members.
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		5.3		5		4.9		4.8

		4.9		4.9		4.9		4.4

		5.1		5		4.8		4.6

		4.7		4.8		4.7		4.3

		5.9		5.8		5.8		5.9

		5.5		5.1		5.4		5.1

		4.2		4		4.2		3.7

		4.8		4.9		5.3		4.3

		5.5		5.3		5.4		5

		4.5		4		4		3.4

		4.8		4.4		4.6		3.9

		4.5		4.2		4.3		3.3

		4.6		4.5		4.2		3.7

		4.9		4.8		4.3		4.3

		4.1		4.5		4.5		4.3

		4.5		4.7		4.9		3.9

		4.6		4.1		4.3		2.8

		4.2		4.4		4.4		3.2

		4.3		4.6		4.5		2.9

		4.5		4.6		4.3		3.2

		5		4.8		4.6		3.8



EM 335 Spring 95

EM 335 Spring 96

EM 335 Spring 97

EM 335 Spring 98

Question

EM 335



EM340

		4.6		4.3		5.3		4.1		4.5

		4.1		4.7		5.3		4.4		4.1

		4.7		4.8		5.5		4.4		4.7

		4.8		4.6		5.3		4.4		4.7

		4.9		4.9		5.5		4.6		4.8

		4.8		4.5		5		4.6		4.4

		5.1		5		5.6		5.4		5.5

		5		4.8		5.6		4.9		4.8

		5		4.7		5.3		4.7		4.4

		4.9		4.7		5.4		4.4		4.6

		5.1		4.8		5.4		4.9		4.6

		5.4		5.3		5.6		4.9		4.8

		4.4		4.6		4.9		3.6		4.1

		4.3		4.5		4.9		3.6		3.9

		4.3		4.7		4.9		3.8		4.1

		4.6		4.2		5		4.2		4

		4.6		4.5		4.8		3.8		3.9

		4.4		4.3		4.9		3.8		3.8

		4.5		4.3		4.7		4		4

		4.5		4.2		5		3.8		4.1

		4.6		4.3		5.2		4.2		4.2

		4.6		4.5		5.1		4.2		4.4

		4.7		4.4		5.4		4.2		4.7



EM 340 Fall 97

EM 340 Spring 98

EM 340 Spring 99

EM 340 Spring 00

EM 340 Spring 01

Question

EM 340



EM350

		4.7		4.1		5.2		3.9

		4.6		4.5		5.1		4.5

		5.1		4.5		5.3		4.3

		5		4.5		5.2		4.3

		5.1		4.8		5.2		4.3

		5		4.6		5.2		4.1

		5.6		5.7		5.5		5.4

		5.3		5.2		5.2		4.7

		5		4.4		5.2		4.2

		5.1		4.6		5		4.3

		5.3		4.9		5.4		4.9

		5.4		4.7		5.5		4.8

		4.4		4.6		4.9		3.9

		4.3		4.5		4.9		3.8

		4.6		4.6		5.1		3.9

		4.7		4.6		5		4.1

		4		3.7		4.2		3.3

		4.1		4.3		4.6		3.5

		4.2		4.8		5.1		3.7

		4.4		4.2		4.9		3.5

		4.6		4.8		5.2		4.2

		4.5		4.8		5		3.9

		4.9		4.3		5.3		4.2



EM 350 Fall 98

EM 350 Fall 99

EM 350 Spring 00

EM 350 Fall 00

Question

EM 350



EM390

		5		5.1		5.3		5.2

		5.1		5		5.3		5.2

		5		5.2		5.3		5.1

		5		5.1		5.3		5.1

		5.2		5.3		5.5		5.3

		5		5.1		5.4		5.1

		5.2		5.4		5.7		5.1

		5.3		5.3		5.5		5.5

		5.1		5.1		5.3		5.4

		5		5		5.3		5.3

		5.2		5.2		5.4		5.4

		5.3		5.3		5.6		5.6

		4.9		4.8		5		4.7

		4.9		4.7		4.7		4.6

		5		4.7		4.7		4.8

		4.9		4.6		4.9		4.7

		4.9		4.5		4.7		4.5

		4.9		4.5		4.4		4.3

		5.1		4.9		5.1		4.6

		5.2		4.8		5.2		4.9

		5.4		5.1		5.5		5.4

		5.3		5		5.4		5.2

		5.1		5.1		5.3		5.1



EM 390 Spring 96

EM 390 Spring 97

EM 390 Spring 98

EM 390 Spring 99

Question

EM 390



EM421

		5.5		4		5.2		4.8

		5.3		4.4		5.3		5

		5.6		3.5		5.3		5.1

		5.4		3.7		5.3		5.1

		5.4		3.6		5		5.1

		5.2		3.6		5.2		4.8

		5.6		5.2		5.3		5.4

		5.5		4.2		5.8		5.2

		5.7		3.7		5.7		5.1

		5.6		4		6		5.3

		5.5		4.3		5.5		5.4

		5.8		4.5		5.5		5.5

		5.1		2.8		4.3		4.8

		5.4		3.1		4.5		4.7

		5.1		3.3		5		4.6

		5		4.1		5.7		4.9

		4.9		3.1		5		4.9

		4.9		3.5		4.7		4.5

		4.5		2.9		4.7		5.5

		4.6		3.3		4.7		4.9

		4.9		4.1		5		4.6

		4.9		3.1		5.3		4.8

		5.5		3.5		5.5		5.3



EM 421 Spring 96

EM 421 Spring 97

EM 421 Spring 99

EM 421 Spring 01

Question

EM 421



EM431

		3.3		4.5		5.3		4.9

		4		4.8		5.4		5.4

		2.9		4.1		5.4		5.2

		2.9		4.2		5.4		4.8

		3.5		4.3		5.2		5.2

		3.6		4.6		5.1		5.3

		5		5		5.6		5.7

		4		4.9		5.8		5.3

		3.8		5.2		5.3		5.1

		3.2		5		5.3		5.3

		3.8		5		5.2		5.3

		3.6		4.8		5.2		5.2

		3.7		4.3		5.1		4.8

		3.6		4.1		5.1		4.7

		3.7		4.3		5.1		5

		4.2		5		5.1		5

		3.3		4		4.6		5.2

		3.2		4.1		4.8		5

		3.5		4.3		4.9		3.1

		3.4		4.3		4.8		5

		3.9		4.8		5.1		5.3

		3.6		4.7		5.2		5.5

		3		4.3		5.3		5.3



EM 431 Fall 97

EM 431 Fall 98

EM 431 Fall 99

EM 431 Fall 00

Question

EM 431



EM432

		5.5		4.9		5.6		4.2		5.3

		5.5		5.5		5.4		5.3		5.2

		5.4		5.4		5.2		4.6		5.3

		5.5		5.3		5		4.2		5

		5.3		5.1		5.2		5		5.5

		5.3		5.1		5.4		4.6		5.2

		5.7		5.6		5.4		5.6		5.5

		5.6		5.5		5.4		4.4		5

		5.2		5.5		5.4		5		5.3

		5.2		5.3		5.2		5.2		5

		5.4		5.3		5.2		4.6		5.3

		5.7		5.4		5.4		5.2		5.8

		4.8		4.9		5.4		4.4		4.7

		5		4.8		5.2		4.4		5

		5.3		4.9		5.2		4.4		5

		5.7		5.5		5.2		4.8		5.7

		5.1		5		5.2		4.8		5.3

		5.4		4.9		5.6		4.8		5.5

		4.9		4.9		5.6		3.2		4.7

		5.5		4.8		5.4		4.2		5.5

		5.6		5		5.4		4.4		5.7

		5.5		4.8		5.2		4.8		5.5

		5.6		4.9		5.2		4.8		5.3



EM 432 Spring 95

EM 432 Spring 96

EM 432 Spring 97

EM 432 Spring 98

EM 432 Spring 01

Question

EM 432



EM440

		4.1		4		3.8		4.5

		2.6		3.4		3.6		3.5

		3.8		4.6		4.1		4.8

		4.3		4.6		4.4		5

		4.4		4.9		4.3		5

		4.1		4.6		4.3		4.8

		4.9		5.2		5.8		5.5

		4.6		5.1		4.8		5.3

		4.3		4.6		4.5		5.5

		4.4		4.8		4.8		5.3

		4.6		4.8		4.8		5.8

		4.6		4.6		4.8		5.5

		3.9		4.1		4		4.5

		3.6		4		3.9		2.5

		4		4.1		4		3.3

		4		4.3		4.1		5

		2.9		3.6		3.2		3

		3.4		4		3.5		4.8

		2.3		3.2		2.8		4.5

		4		4.2		3.9		4.3

		4.4		4.4		4		4.8

		4.4		4.6		3.7		4.8

		3.9		4.6		4		4.8



EM 440 Fall 97

EM 440 Spring 99

EM 440 Fall 99

EM 440 Fall 00

Question

EM 440



EM445

		5.6		5.2		3.3		4.7

		4.1		4.3		4		4

		5.4		5.4		3.5		4.8

		5.5		5.7		4		4.8

		5.6		5.5		3.5		5

		5.4		5.5		3.8		5.2

		5.7		6		4.5		5.8

		5.5		5.3		3.8		5

		5.4		5.7		4		5.3

		5.6		5.3		4.3		5.3

		5.5		5.2		3.5		5.5

		5.7		5.4		4		5.3

		5		4.6		3		4.5

		4.9		4.5		3		4.3

		5		4.8		4		4.3

		5.5		5.7		4.5		5.5

		4.6		4.7		3.5		3.7

		4.7		4.8		3.8		4

		5		5.1		4.5		4.8

		5.4		4.9		3.8		4.7

		5.4		5.4		4.3		5

		5.6		5.2		4		5.2

		5.6		5.2		3.5		5



EM 445 Spring 97

EM 445 Spring 98

ME 445 Spring 00

Spring 01

Question

EM 445



EM450

		5.2		4.9		4.9		5.5

		4.7		4.5		5.4		5.4

		5.2		5.4		5.4		5.5

		5.4		5.1		5.3		5.4

		5.5		5.3		5.3		5.5

		5.3		5		5.1		5.2

		5.8		5.5		5.5		5.8

		5.6		5.5		5.6		5.7

		5.3		5.1		5.1		5.4

		5.3		5		5.4		5.4

		5.3		5.4		5.4		5.5

		5.4		5.2		5.4		5.5

		4.8		4.2		5.1		5.4

		5.1		4		5.3		5.5

		5		4.4		5.1		5.5

		5.2		4.6		5.3		5.5

		5.2		4.2		5		5.5

		4.8		4.8		5		5.2

		4.8		3.9		5		4.2

		4.9		4.6		4.5		5.4

		5.1		5		5.4		5.5

		5.1		4.7		5		5.5

		5.3		5		5.3		5.6



EM 450 Spring 98

EM 450 Spring 99

EM 450 Fall 99

EM 450 Fall 00

Question

EM 450



EM460

		4.9		3.7		4.3		4.7

		4.7		4.4		4.5		4.8

		4.9		4.1		4.3		4.9

		4.9		4.2		4.4		4.8

		4.9		4.4		4.5		5.1

		4.8		4.2		4.6		4.7

		5.7		4.8		5.1		5

		5.4		4.8		4.9		5.1

		4.9		4.1		4.7		4.9

		5.2		4.4		5		5

		5.3		4.8		5		5.1

		5.5		4.5		5		5.1

		4.5		3.5		3.9		4.6

		4.1		3.3		3.8		4.5

		4.4		3.5		4		4.5

		5		4.1		4.5		4.8

		4.3		3.4		3.8		4.3

		4.3		3.7		4.1		4.5

		2.7		3.4		2.8		3.8

		4.5		3.4		3.9		4.5

		4.9		3.9		4.3		4.7

		5.1		3.8		4.1		4.6

		5		4		4.3		4.8



EM 460 Fall 97

EM 460 Fall 98

EM 460 Fall 99

EM 460 Fall 00

Question

EM 460



EM470

		4.4		4.3		4.9		4.7

		4.9		4.5		5.2		4.8

		4.3		4		5.2		4.8

		4.3		4.2		5.2		4.8

		4.5		4.5		5.5		4.9

		4.5		4.2		5.2		4.8

		4.9		4.5		5.5		5.6

		5		5		5.6		5

		4.7		4.7		5.2		4.8

		4.7		5		5.3		4.7

		5.1		5.2		5.4		5.1

		4.7		4.9		5.4		4.9

		4.1		4		4.7		4.3

		4		3.9		4.7		4.2

		4.1		4		4.9		4.3

		4.5		4.3		5.4		4.4

		3.8		3.2		4.4		4

		3.9		3.4		4.6		4.1

		4.1		4		4.2		4.5

		4		4.1		4.8		4.2

		4.6		4.7		5.2		4.6

		4.3		4.6		5.2		4.5

		4.3		4		5.3		4.4



EM 470 Fall 95

EM 470 Fall 97

EM 470 Fall 98

EM 470 Fall 99

Question

EM 470



EM 490

		5.7		3.9		5.6

		5.4		4.1		5.5

		5.7		3.9		5.7

		5.6		3.9		5.6

		5.9		4.2		5.7

		5.7		4.1		5.7

		5.9		4.6		5.9

		5.7		4.7		5.7

		5.7		4.6		5.5

		5.7		4.4		5.7

		5.7		4.6		5.6

		5.9		4.8		5.7

		5.1		3.6		5.4

		5.1		3.5		5.5

		5.6		3.8		5.6

		5.1		3.9		5.5

		5.6		3.8		5.6

		5.7		3.6		5.6

		5		4		5.1

		5.7		3.8		5.7

		5.9		4.5		5.9

		5.7		4.2		5.6

		5.7		3.8		5.7



ME 490 Fall 98

ME 490 Fall 99

ME 490 Fall 00

Question

EM 490



EM 491

		4.9		5

		5.1		5.1

		4.8		5.2

		4.8		5.1

		4.9		5.1

		4.9		5.1

		5.2		5.4

		5.4		5.5

		5.1		5.3

		5.3		5.2

		5.4		5.3

		5.2		5.3

		4.6		4.9

		4.5		4.9

		4.6		5

		5.3		5.5

		3.5		4.8

		4.3		5.1

		2.4		3.7

		4.8		4.8

		5.3		5.3

		5.3		5.3

		4.7		5.1



EM 491 Fall 99

EM 491 Fall 00

Question

EM 491



EM492

		4.3		4.3		4.3		4.5

		4.7		4.4		4.6		4.8

		4.5		4.3		4.4		4.8

		4.3		4.5		4.3		4.8

		4.5		4.4		4.7		4.9

		4.6		4.3		4.7		4.7

		4.9		4.9		4.9		5.1

		4.8		5		4.8		5.1

		4.6		4.5		4.7		5

		4.5		4.5		4.6		5.1

		4.5		4.5		5		4.9

		4.7		4.7		4.8		4.9

		4.4		3.6		3.6		4

		4.4		3.6		3.6		3.8

		4.5		3.8		3.7		3.9

		4.7		4.5		4.6		4.6

		4.3		3.9		3.6		3.8

		4.2		3.9		4		4.1

		4.1		2.5		2.8		2.4

		4.2		3.8		3.9		4

		4.5		4.4		4.2		4.5

		4.5		4.1		3.9		4

		4.3		4.4		4.2		4.3



EM 492 Spring 97

EM 492 Spring 98

EM 492 Spring 99

ME 492 Spring 00

Question

EM 492



ME 325

		5.2		4.1		3.1		4.3

		5		4.6		4.1		4.9

		5.3		4.2		3.3		4.7

		5.7		4.5		3.4		4.7

		5.3		4.6		3.9		4.8

		5		4.6		3.4		4.7

		5.5		5.6		5.7		5.5

		5.5		4.7		4.6		5.1

		5.2		4.4		4.1		4.9

		5.5		4.5		4.1		4.9

		5.8		4.6		3.7		5.3

		5.5		4.6		4.6		5.1

		5.2		3.9		2.4		4.1

		4.7		4.1		2.2		4

		5		4.5		2.6		3.9

		5.5		4.9		3.7		4.4

		5		3.6		1.9		3.2

		5		4		2.9		3.7

		5.2		2.7		1.4		4

		5.3		4		2.4		3.9

		5.2		4.4		3.1		4

		5.5		4.6		3.2		4.4

		5.3		4.3		3.3		4.6



ME 325 Fall 98

ME 325 Spring 99

ME 325 Spring 00

ME 325  Spring 01

Question

ME 325



DFEM

		4.4		4.4		4.3		4.5

		4.7		4.7		4.4		4.7

		4.5		4.6		4.4		4.7

		4.5		4.6		4.5		4.6

		4.7		4.7		4.7		4.8

		4.6		4.6		4.5		4.6

		5.2		5.1		5.2		5.2

		4.9		4.9		4.9		4.9

		4.6		4.6		4.6		4.7

		4.7		4.6		4.7		4.7

		4.9		4.8		5		4.9

		4.9		4.8		4.8		4.9

		4.3		4.3		4.3		4.4

		4.2		4.2		4.1		4.3

		4.3		4.4		4.2		4.4

		4.6		4.5		4.6		4.5

		4		4.3		3.9		4.2

		4.1		4.2		4.1		4.1

		4.1		4.1		3.7		4.3

		4.2		4.3		4.2		4.2

		4.5		4.5		4.5		4.4

		4.4		4.5		4.5		4.5

		4.5		4.5		4.4		4.5



DFEM Fall 95

DFEM Spring 96

DFEM Fall 97

DFEM Spring 97

Question

DFEM



Data Tables
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		8		4.5		4.5		5		4.8		4.8		R		5		5.2		5.4		5		4.7		5		4.9		5		5.5		4.8		5		4.9		4.9		5.1		5.1		4.8		5.3		R		5.1		5.3		5.2		5.3		5.2		5.3		4.6		5.3		3.8		4.9		5		4.7		4.5		R		3.7		4.2		5.3		4.3		5		5.5		5.2		4.9		4.8		4.9		4.9		5.2		4.8		5.1		5.2		5.2		5.4		5		4.9		4.8		R		5.1		4.9		4.8		5.4		5		5.2		4.8		R		4.5		5.4		5.7		5.5		5.3		5.2		5.4		5.5		5.1		R		5.4		5.1		5.5		4.9		4.6		5.3		4.8		R		5.4		5		4.8		5.6		4.9		4.8		4.8		3.8		5.3		5		R		4.7		5.2		4.7		5.3		5.2		5.2		4.7		5.3		5.5		5.3		R		5.3		5.5		5.5		5.7		5.4		5.6		5.5		R		4.2		5.8		5.2		5.6		5.3		R		4		4.9		5.8		5.3		5.5		5.6		5.5		R		5.4		4.4		5		4.4		4.3		R		4.6		5.1		4.8		5.3		4.8		5.2		R		5.5		5.3		3.8		5		3.4		5.1		3.8		R		3.3		5.6		5.5		5.6		5.7		4.1		4.9		R		5.4		4.8		4.9		5.1		5.4		5		R		5		5.6		5		5.7		4.7		5.7		5.4		5.5		4.5		5.4		5.2		R		4.8		5		4.8		5.1		5		5.4		5.4		5.8		5.5		4.7		4.6		5.1		5.7		5.9		4.7		4.9		5.2		4.9		4.9		R		4.9		4.9

		9		4.2		4.4		4.6		4.5		4.5		I		4.8		4.9		5.1		4.6		4.4		4.8		4.8		4.8		5.1		4.5		4.8		4.9		4.4		4.9		4.8		4.5		5.1		I		4.8		5.2		5.1		5		5.1		5.2		4.7		5.7		3.8		4.6		4.9		4.4		4.4		I		3.8		4		5		3.9		4.5		5.2		5		4.6		3.9		4.3		4.6		4.8		4.6		4.7		4.7		4.6		4.6		4.7		4.6		4.3		I		4.5		4.6		4.8		5.2		4.8		5.1		4.9		I		4.1		5.1		5.1		5		4.8		4.6		5.3		4.2		4		I		4.2		3.7		5.1		4.6		4.3		4.7		4.5		I		5.2		5		4.7		5.3		4.7		4.4		4.4		4.8		4.7		4.9		I		4.7		4.9		4.3		5		4.4		5.2		4.2		5		5.3		5.1		I		5.1		5.3		5.4		5.3		5.4		5.7		5.7		I		3.7		5.7		5.1		5.4		4.9		I		3.8		5.2		5.3		5.1		5.6		5.2		5.5		I		5.4		5		5.3		4.1		4.1		I		4.3		4.6		4.5		5.5		5.1		4.9		I		5.4		5.7		4		5.3		3.1		4.9		3.8		I		2.6		5.3		5.1		5.1		5.4		4.2		4.5		I		4.9		4.1		4.7		4.9		5		4.7		I		4.7		5.2		4.8		5.7		4.6		5.5		5.1		5.3		4.5		5.3		4.9		I		4.6		4.5		4.7		5		5.2		5.2		5.7		6		5.2		4.4		4.1		4.9		5.7		5.8		4.4		4.8		4.8		4.6		4.6		I		4.6		4.7

		10		4.2		4.4		4.5		4.5		4.5		T		4.8		5		5.2		4.6		4.3		4.9		4.8		4.8		5.1		4.5		4.9		4.7		4.4		4.9		4.4		4.4		5		T		4.6		5.2		5.2		4.8		5.1		5.2		4.5		5.6		3.5		4.6		5		4.6		4.3		T		3.6		4		5		3.8		4.5		5.3		5		4.5		4.7		4.4		4.6		4.8		4.6		4.6		4.8		4.5		5		4.8		4.5		4.3		T		4.8		4.6		4.8		5.2		4.8		5		4.7		T		4.1		5.3		5.2		5.1		4.8		4.6		5.3		4.8		4.9		T		5.3		4.3		5.3		4.8		4.4		4.7		4.5		T		4.9		4.9		4.7		5.4		4.4		4.6		4.6		4		4.9		5		T		4.7		5.1		4		5.1		4.6		5		4.3		5		5.3		5		T		5		5.3		5.3		5.6		5.1		5.3		5.6		T		4		6		5.3		5.3		4.8		T		3.2		5		5.3		5.3		5.5		5.2		5.3		T		5.2		5.2		5		4.5		4.4		T		4.4		4.8		4.8		5.3		4.8		5		T		5.6		5.3		4.3		5.3		2.8		4.8		3.5		T		2.4		5.3		5		5.4		5.4		4.1		4.7		T		5.2		4.4		5		5		4.9		4.7		T		5		5.3		4.7		5.7		4.4		5.7		5.3		5.2		4.4		5.4		4.8		T		4.5		4.5		4.6		5.1		4.8		5.1		5.7		5.8		5.5		4.5		4.1		4.9		5.7		5.8		4.4		4.8		4.8		4.7		4.6		T		4.7		4.7

		11		4.7		4.7		4.7		4.8		4.6		I		4.9		5.2		5.3		4.9		4.7		5.1		4.9		5.1		5.2		4.8		4.9		4.9		4.9		5.3		4.7		4.3		4.9		I		4.9		5.4		5.4		5		5.3		5.4		4.6		5.6		3.7		4.7		5.2		4.9		4.7		I		4.2		4.2		5.1		4.5		4.8		5.2		5.3		4.8		5.3		4.8		4.7		5		4.9		4.9		5		4.8		5.5		4.9		4.7		4.7		I		5.1		5		5.1		5.6		5		5.2		4.8		I		4.2		5.4		5.3		5.4		5.1		4.8		5.6		5.5		5.3		I		5.4		5		5.5		5		4.7		4.8		4.7		I		5.2		5.1		4.8		5.4		4.9		4.6		4.7		4.8		5.2		5.3		I		4.9		5.1		4.5		5.3		4.9		5.4		4.9		5.1		5.3		5.2		I		5.2		5.4		5.4		5.5		5.4		5.4		5.5		I		4.3		5.5		5.4		5.3		5		I		3.8		5		5.2		5.3		5.4		5.4		5.3		I		5.2		4.6		5.3		5		4.7		I		4.6		4.8		4.8		5.8		5		5		I		5.5		5.2		3.5		5.5		3.6		4.9		3.9		I		3.9		5.3		5.4		5.4		5.5		4.4		5.2		I		5.3		4.8		5		5.1		5.4		5.1		I		5.2		5.4		5.1		5.7		4.6		5.6		5.4		5.3		4.5		5.2		5		I		4.5		4.5		5		4.9		5.3		5		6		6		5.8		4.6		3.7		5.3		5.7		5.8		4.7		5.1		5.1		4.9		4.8		I		5		4.9

		12		4.6		4.7		4.7		4.8		4.7		Q		5.2		5.2		5.4		4.9		4.6		5.2		5.2		5.1		5.5		4.8		5.1		5.2		5		5.3		4.8		4.5		5.1		Q		4.9		5.4		5.4		5.1		5.3		5.6		5.1		5.9		4.2		5.3		5.4		4.9		4.5		Q		3.7		4		5.1		4.4		4.9		5.3		5		4.8		3.4		3.9		4.7		4.8		5.1		4.9		5		5.1		4.8		5.1		4.8		4.7		Q		4.8		4.7		5.1		5.7		5.1		5.4		5		Q		4.2		5.4		5.5		5.1		5.2		5.2		5.8		4.5		4		Q		4		3.4		5.8		5.3		4.7		5		5		Q		5.5		5.4		5.3		5.6		4.9		4.8		4.6		5.5		5.4		5.1		Q		4.9		5.5		4.8		5.4		4.7		5.5		4.8		5.4		5.6		5.3		Q		5.3		5.6		5.6		5.6		5.9		5.6		5.8		Q		4.5		5.5		5.5		5.4		5.2		Q		3.6		4.8		5.2		5.2		5.7		5.7		5.4		Q		5.4		5.2		5.8		4.7		4.4		Q		4.6		4.6		4.8		5.5		5.3		5.4		Q		5.7		5.4		4		5.3		3.8		5.3		4		Q		2.8		5.4		5.2		5.4		5.5		4.6		5.2		Q		5.5		4.5		5		5.1		5.5		4.7		Q		4.9		5.4		4.9		5.9		4.8		5.7		5.2		5.3		4.6		5.4		4.9		Q		4.7		4.7		4.8		4.9		5.2		5.1		5.9		6		5.5		4.6		4.6		5.1		5.9		5.7		4.8		5.2		5.2		4.9		4.8		Q		4.8		4.9

		13		4.1		4.2		4.1		4.1		4.2		U		4.5		4.3		4.8		4		4.1		4.4		4.5		4.4		4.9		4		3.9		4.4		3.9		4.4		4.2		3.6		4.2		U		4.2		4.4		4.4		4.1		4.5		4.7		3.7		4.7		3.3		4.3		4.7		4		4.2		U		3.7		3.6		4.2		3.6		3.5		4.7		4.2		4.1		4.7		4.1		4.3		4.5		4.5		4.6		4.6		4.5		4.7		4.5		4.6		4.5		U		4.6		4.4		4.5		4.8		4.6		4.8		4.6		U		3.7		4.7		4.7		4.3		4.2		4.6		4.7		4.8		4.4		U		4.6		3.9		4.9		4.3		4.1		4.7		4.3		U		4.7		4.4		4.6		4.9		3.6		4.1		4		4.4		4.4		4.2		U		4.1		4.6		3.7		4.4		4.6		4.9		3.9		5		5.2		4.9		U		4.8		5		4.7		5.5		5		5		5.1		U		2.8		4.3		4.8		5		4.8		U		3.7		4.3		5.1		4.8		5.3		4.8		4.9		U		5.4		4.4		4.7		4		4.3		U		3.9		4.1		4		4.5		4.8		4.5		U		5		4.6		3		4.5		1.9		4.5		3.3		U		2.3		4.8		4.2		5.1		5.4		3.5		4		U		4.5		3.5		3.9		4.6		4.7		4.1		U		4		4.7		4.3		5.1		3.6		5.4		4.6		4.9		4.3		4.8		4.3		U		4.4		3.6		3.6		4		4.7		4.4		4.3		4.5		5.2		3.9		2.4		4.1		5.1		5.3		4.2		4.2		4.6		4.3		4.3		U		4.3		4.4

		14		4.1		4.2		4		4.1		4.1		E		4.5		4.4		4.7		3.8		4		4.3		4.5		4.4		5		4.1		4		4.3		4		4.2		3.7		3.3		4		E		4		4.3		4.2		3.7		4.3		4.6		3.8		4.6		3.4		4.3		4.6		3.9		4.2		E		3.7		3.3		3.9		3.6		3.4		4.7		4.1		3.9		4.4		4.3		4.2		4.6		4.54		4.6		4.5		4.3		4.7		4.4		4.5		4.2		E		4.6		4.3		4.4		5		4.4		4.6		4.5		E		3.4		4.6		4.6		4.4		4.1		4.4		4.3		4.5		4.2		E		4.3		3.3		4.8		4.2		3.9		4.6		4.2		E		4.6		4.3		4.5		4.9		3.6		3.9		4		4.4		4.3		4		E		3.8		4.3		3.8		4.3		4.5		4.9		3.8		5		5.3		4.9		E		4.7		4.7		4.6		5.4		4.8		4.9		5.4		E		3.1		4.5		4.7		5.1		4.6		E		3.6		4.1		5.1		4.7		5.3		5		4.8		E		5.2		4.4		5		4.1		4.1		E		3.6		4		3.9		2.5		4.8		4.4		E		4.9		4.5		3		4.3		2		4.6		3.4		E		2.2		5.1		4		5.3		5.5		3.6		3.8		E		4.1		3.3		3.8		4.5		4.5		4		E		3.9		4.7		4.2		5.1		3.5		5.5		4.5		4.9		4.1		4.9		4.4		E		4.4		3.6		3.6		3.8		4.7		4.4		4.4		5.2		4.7		4.1		2.2		4		5.1		5.3		4.2		4.2		4.4		4.2		4.2		E		4.1		4.3

		15		4.2		4.3		4.1		4.2		4.2				4.5		4.5		4.8		3.9		4.1		4.4		4.5		4.4		5.1		4.1		4.1		4.3		4.2		4.7		3.9		3.4		4.3				4.2		4.2		4.5		4.2		4.5		4.8		4		5.1		3.4		4.2		4.7		4		4.2				3.7		3.4		4.1		3.6		3.6		4.7		4.1		4.1		4.5		4.4		4.3		4.6		0.4		4.6		4.5		4.3		4.7		4.7		4.5		4.36				4.6		4.4		4.5		4.9		4.3		4.8		4.7				3.5		4.7		4.7		4.4		4.2		4.4		4.5		4.6		4.5				4.2		3.7		4.8		4.4		4		4.6		4.3				4.6		4.3		4.7		4.9		3.8		4.1		4.1		4.4		4.3		4.1				4.1		4.5		4		4.6		4.6		5.1		3.9		5.1		5.3		5				4.7		4.7		4.8		5.5		5		5		5.1				3.3		5		4.6		5.2		4.7				3.7		4.3		5.1		5		5.4		5.3		4.9				5.2		4.4		5		4.2		4.1				4		4.1		4		3.3		4.7		4.6				5		4.8		4		4.3		2.3		4.6		3.5				2.6		5		4.4		5.1		5.5		3.8		3.9				4.4		3.5		4		4.5		4.5		4.1				4		4.9		4.3		5.6		3.8		5.6		4.6		5		4.3		5.1		4.5				4.5		3.8		3.7		3.9		5		4.3		5		5.2		5		4.5		2.6		3.9		5.6		5.6		4.2		4.3		4.6		4.3		4.4				4.2		4.4

		16		4.2		4.3		4.4		4.4		4.3				4.5		4.6		4.8		4.2		4.3		4.5		4.6		4.4		4.9		4.2		4.2		4.4		4.5		5		4.6		3.8		4.6				4.5		5.1		4.9		5		5		5.3		4.7		5.7		4		4.6		5		4.4		4.7				4.2		4		4.6		3.9		4.3		4.9		4.8		4.6		4.7		4.5		4.2		4.6		4.4		4.4		4.6		4.9		4.8		4.6		4.5		4.3				4.7		4.4		4.6		5.2		4.6		5		4.5				3.7		4.9		5		4.8		4.5		4.8		5.5		4.9		4.8				4.3		4.3		4.9		4.2		4.2		4.6		4.3				4.8		4.6		4.2		5		4.2		4		4.1		4.9		4.5		4.6				4.6		4.9		4.2		4.7		4.6		5		4.1		4.8		5.2		4.9				4.6		4.9		4.7		5.4		5.3		5.3		5				4.1		5.7		4.9		5.3		5.2				4.2		5		5.1		5		5.4		5.7		5.5				5.2		4.8		5.7		4.3		4.2				4		4.3		4.1		5		5.3		5				5.5		5.7		4.5		5.5		3.1		5		4				2.8		5.2		4.6		5.3		5.5		3.9		4.5				5		4.1		4.5		4.8		4.8		4.5				4.3		5.4		4.4		5.1		3.9		5.5		5.3		5.5		4.8		5.3		5				4.7		4.5		4.6		4.6		4.7		4.9		5.3		5.7		5.5		4.9		3.7		4.4		5.1		5.8		4.4		4.7		4.9		4.6		4.5				4.6		4.5
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