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Course Director: Dr. Ralph Bush 

Instructors: Dr. Ralph Bush

1.
COURSE DESCRIPTION

Mech Engr 445: Failure Analysis and Prevention

Failure analysis and prevention is a technical discipline that integrates mechanical engineering, materials engineering and structural analysis into component analysis and design.  Laboratory techniques including scanning electron microscopy, metallography, x-ray analysis, ultrasonic inspection and mechanical testing will be used to determine the causes of failures.  Re-designs may include changes in geometry, materials selection, or operation to preclude failure.  Final exam or final project.  Prereq: Engr Mech 350, Engr Mech 340 (recommended), Engr Mech 440 (recommended).  (Administered by the Department of Engineering Mechanics.  Formerly Engr Mech 445).  Sem hrs: 3 spring.

Text: Understanding How Components Fail, 2nd ed., Donald J. Wulpi, ASM International, 1999. 

1.1
Goals and Objectives 

1.1.1 Course Goal - Cadets will understand how structural components fail.  They will use this understanding to analyze failed components and determine the causes of failure as well as make recommendations to prevent future occurrences of failure.

1.1.2 Course Objectives - 

1. Students will understand the basic mechanisms that lead to overload, fracture, fatigue, corrosion, wear and high temperature failures.

2. Students will be able to identify and differentiate between features that indicate failures caused by overload, fracture, fatigue, corrosion, wear and high temperature in metals.

3. Students will be able to make recommendations to prevent future occurrences of failure.

4. Students will know how to design and conduct a proper failure analysis investigation.

5. Students will understand the impact of failure and the ethics of failure analysis on society as a whole.  

6. Students will be able to write technical reports that clearly communicate results of 

literature searches, laboratory testing, analysis and design.
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
	LESSON / (DATE)
	Topic
	Course Objective Covered

	1 (1/4)
	Course Policies, Intro to Failure Analysis
	

	2 (1/8)
	Analysis Method

Case Studies
	4

	3 (1/10)
	Distortion Failures
	1,2

	4 (1/12)
	Bob Ware - C-9 Thrust Reverser Failure Case Study
	4,5

	5 (1/17)
	Materials I
	3

	6 (1/19)
	Materials II
	3

	7 (1/23)
	Fracture Modes

Stress Systems
	1

	8 (1/25)
	Mechanical Properties

Stress vs. Strength
	1

	9 (1/29)
	Linear Elastic Fracture Mechanics I
	1

	10 (1/31)
	Linear Elastic Fracture Mechanics II
	1

	11 (2/2)
	Linear Elastic Fracture Mechanics III
	1,2,3

	12 (2/6)
	Residual Stresses I
	1

	13 (2/8)
	Residual Stresses II
	1,3

	14 (2/12)
	Brittle Fracture
	1,2

	15 (2/14)
	Ductile Fracture
	1,2

	16 (2/16)
	Metallography, hardness, and microscopy
	4

	17 (2/21)
	Fatigue I
	1

	18 (2/23)
	Lab day: Failure Lab
	2,3,4,6

	19 (2/27)
	Fatigue II
	1,2

	20 (3/1)
	Lab day: Failure Lab
	2,3,4,6

	21 (3/5)
	Case Study: DeHavilland Comet
	3,4

	22 (3/7)
	Fatigue III
	1,2,3

	23 (3/9)
	Lab day: Failure Lab
	2,3,4,6

	24 (3/13)
	Fatigue IV
	1,2,3

	25 (3/15) 
	Fatigue V
	1,2,3

	26 (3/20)
	GR
	1,2,3

	27 (3/22) Spring Break
	Analytical Failure Analysis Technique Review - Fracture Mechanics, Fatigue and Residual Stress
	3

	28 (4/2)
	Analytical Failure Analysis Technique Review - Fracture Mechanics, Fatigue and Residual Stress
	3

	29 (4/4)
	Analytical Failure Analysis Technique Review - Fracture Mechanics, Fatigue and Residual Stress
	3

	30 (4/6)
	Wear I
	1

	31 (4/10)
	Wear II
	1,2,3

	32 (4/12)
	Corrosion I
	1

	33 (4/16)
	Lab Day: Failure Project
	2,3,4,6

	34 (4/18)
	Lab Day: Failure Project
	2,3,4,6

	35 (4/20)
	Lab Day: Failure Project
	2,3,4,6

	36 (4/24)
	Corrosion II
	1,2,3

	37 (4/26)
	Lab Day: Failure Project
	2,3,4,6

	38 (4/30)
	Corrosion III
	1,2,3

	39 (5/2)
	Lab Day: Failure Project
	2,3,4,6

	40 (5/4)
	Case Study: B36 Landing Gear (SCC)
	2,3,4,5

	41 (5/8)
	Failure Project Presentations
	2,3

	42 (5/10)
	Failure Project Presentations
	2,3


1.2.1 Summary of Graded Events 

	Assessment Event
	Course Objectives Covered
	Number of Lessons Covered (estimated)
	% of Total Points

	Famous failures
	5, 6
	2
	2.7

	Homework (4 assgnmts)
	1-4
	42
	15.8

	Graded Review
	1-3
	25
	18.1

	Failure Lab
	2, 4, 6
	3
	18.1

	Independent Failure Project
	2, 3, 4, 6
	15
	18.1

	Final exam
	1-4
	42
	27.1


1.3 Course Placement 

1.3.1 Course Flow Map  

This course is typically taken by Engineering Mechanics majors as a materials option during their first class year. 


1.3.2 Prerequisites 

Required course prerequisite - EngrMech 350

Topics: elastic deformation, failure criteria, yielding and strengthening mechanisms, linear elastic fracture mechanics, fracture toughness, fatigue failure, fatigue crack growth, creep.

Other topics

Calculus - Derivatives and Integration (Math Sequence) used in labs and fatigue life prediction calculations

Stress and strain calculations (Engr Mech 330)

1.3.3 Courses Fed 

None

1.3.4 Replacements and Waivers  

None 

1.4 Course Policies  

Students were required to a achieve a 60% average on individual effort assignments to pass the course.
1.5 General Course Delivery 

Course material presented primarily by lecture. 

Case studies and demonstration aids (broken parts) were used periodically to illustrate concepts discussed in lecture.

A guest speaker from WPAFB who performs failure analysis for the Air Force as an occupation, presented some case studies of interest to the Air Force and discussed his responsibilities at WPAFB.

One instructor-designed laboratory project.

Final project - Independent failure analysis on a failed part of each cadet's choice.
1.6 Changes from Previous Offerings 

Modify course goal as follows: Cadets will understand how structural components fail.  They will use this understanding to analyze failed components and determine the causes of failure as well as make recommendations to prevent future occurrences of failure.

Done as recommended.

Change the current course objectives 1-5 to read as follows:

1. Students will understand the basic mechanisms that lead to overload, fracture, fatigue, corrosion, wear and high temperature failures.

2. Students will be able to identify and differentiate between features that indicate failures caused by overload, fracture, fatigue, corrosion, wear and high temperature in metals.

3. Students will be able to make recommendations to prevent future occurrences of failure.

4. Students will know how to design and conduct a proper failure analysis investigation.

5. Students will understand the impact of failure and the ethics of failure analysis on society as a whole.  

Done as recommended.

Place more emphasis on failure analysis design and procedures used to properly perform a failure analysis.

Discussed a number of case studies in class from the point of view of what was done, why, and what the investigator was looking for in each step.  

One homework assignment was assigned in which cadets had to analyze a case study in terms of how it was designed and carried out. 

One question on the final exam asked cadets to design a failure analysis procedure to differentiate between three possible hypotheses that could explain the failure of a failed storage tank.

Emphasize ability and tools needed to make recommendations to prevent future failures.

Reviewed fracture mechanics and crack growth life prediction concepts.  Added a lecture that presented life prediction concepts associated with notched specimen S-N fatigue.

Two homework assignments and a number of GR/final exam questions were devoted to the use of fracture mechanics and notched S-N fatigue life prediction concepts to validate failure analysis findings.

The failure lab included a portion that required cadets to calculate failure stress, fracture toughness, stress ratio, and fatigue lifetime of failed smooth fatigue specimens only using information that was inferred from the failed specimen and handbooks.

Cadets were encouraged to analytically estimate applied loads for the parts investigated in their final project, when practical, or verify load/stress information given to them during their background investigations.

Make increased use of failure analysis case studies.

Handed out several case studies for reading and discussed them in class.

Included exam questions based on case studies on the GR and final exam.

Have a guest lecturer from the failure analysis lab WPAFB present a case study and the types of work done by failure analysts in the Air Force.

Major Robert Ware from WPAFB/AFRL presented case studies on a thrust reverser and failed engine bearing to the class in January.

Include a final project in which each cadet must conduct and documentation independent failure investigation.

Cadets were required to find a failed object, present a failure analysis test plan, perform a failure analysis, report the findings and make recommendations for avoiding similar failures of the parts in the future.

1.7 Course Resources

1.7.1 Supplies 

Tensile specimens (4140 steel and 7075 Al) used for labs (2 per cadet)

Metallography supplies for polishing specimens

Phenolic mounts

Polishing and grinding cloths

Polishing/grinding lubricants

Polishing abrasives 

4140 tensile specimens are generally purchased from the course budget.  Other tensile specimens are typically supplied by other courses and the metallography supplies through the EM lab budget

1.7.2 Equipment/Computers

Universal testing machines for testing and preparation of tensile and fatigue specimens. (3 - 4 days)

Bench top box furnaces for heat treating metallic test specimens

Safety equipment for use with furnaces (1 day)

Metallographic equipment (mounting presses, semi-automated specimen polishers) (5 days)

Optical microscopes (10 days)

Metallographic

Low power

Rockwell and Micro- hardness testers (2 days)

Scanning electron microscope (SEM) with energy dispersive X-ray analysis (EDAX) (10 days)
1.7.3 Needs/Desires 

Improved backscatter detector capabilities on SEM (10 days)

2. ASSESSMENT

2.1 Were the Course Objectives Achieved?  

2.1.1 Student and Instructor Assessment 

0 – Strongly disagree

1 – Slightly disagree

2 – Neutral

3 – Slightly agree

4 - Strongly agree
	Objective
	Cadet
	CD
	Average

	1
	3.2
	3.0
	3.1

	2
	3.2
	3.0
	3.1

	3
	3.4
	2.0
	2.7

	4
	3.2
	3.0
	3.1

	5
	3.2
	3.0
	3.1

	6
	3.2
	3.0
	3.1


Course Director Comments

Objective 1: Students will understand the basic mechanisms that lead to overload, fracture, fatigue, corrosion, wear and high temperature failures.

Students appeared to have a good grasp of the mechanisms that could cause each of these failures.  High temperature failures were not covered this semester.

Objective 2: Students will be able to identify and differentiate between features that indicate failures caused by overload, fracture, fatigue, corrosion, wear and high temperature in metals.

Students were very proficient in identifying the mechanism that caused failure on fracture surfaces where the mechanism was obvious or looked like the pictures in their textbook.  During their final projects however, some of the fracture surface features were more subtle and the students had more difficulty identifying the failure mode.

Objective 3: Students will be able to make recommendations to prevent future occurrences of failure.

Students did a good job making qualitative recommendations, such as using a stronger material to prevent overload or painting a structure to prevent corrosion.  However, they did poorly when asked to make quantitative recommendations, such as resizing a structural component or recommending a specific lower stress to increase the factor of safety in fatigue by a specified amount.

Objective 4: Students will know how to design and conduct a proper failure analysis investigation.

There was marked improvements in the plans submitted from the beginning of the semester to the end.  The students began to get the idea that each step must have a purpose geared to the problem at hand, not just to test everything imaginable just to collect information.

Objective 5: Students will understand the impact of failure and the ethics of failure analysis on society as a whole.

This objective was not dealt with as thoroughly as it should have been.  There were also no assignments or questions designed to test it.

Objective 6: Students will be able to write technical reports that clearly communicate results of 

literature searches, laboratory testing, analysis and design.

The final project reports were some of the best I have read at the Academy.  The students collected information well and presented the results in a logical and easy to follow manner.  For the most part, their conclusions and recommendations were reasonable and well thought out.  However, in most cases, their quantitative work was flawed.
2.1.2 Assessment Based Upon Graded Events  

	Assessment Event
	Course Objectives Covered
	Average Score
	Remarks

	Famous failures
	5, 6
	88%
	Essay describing a famous failure

	Homework (4 assgnmts)
	1-4
	79%
	Quantitative assignments - 69%

Qualitative assignments - 92%

	Graded Review
	1-3
	71%
	Closed book

	Failure Lab
	2, 4, 6
	83%
	Failure analysis of fatigue specimens supplied by instructor

	Independent Failure Project
	2, 3, 4, 6
	84%
	Failure analysis of part supplied by each cadet

	Final exam
	1-4
	72%
	Open book/ open note*


* For the final exam the students were allowed to bring any resource they felt would help them, with the only exclusion being a laptop computer.  Most students brought their class notes, homework assignments and solutions, old GRs, EM330 text, EM340 text, EM350 text, and ME445 text.

	Course Objective
	Representative Graded Events
	Average Score

	Students will understand the basic mechanisms that lead to overload, fracture, fatigue, corrosion, wear and high temperature failures.
	Final exam - Question 9b
	97%

	Students will be able to identify and differentiate between features that indicate failures caused by overload, fracture, fatigue, corrosion, wear and high temperature in metals.
	Final exam - Questions 2 thru 6
	79%

	Students will be able to make recommendations to prevent future occurrences of failure. - Quantitative
	Final Exam - Questions 7, 8, and 10a
	58%

	Students will be able to make recommendations to prevent future occurrences of failure. - Qualitative
	Final Exam - Questions 1, 2, 9c, and 10b
	80%

	Students will know how to design and conduct a proper failure analysis investigation.
	Final Exam - Question 9a
	83%

	Students will understand the impact of failure and the ethics of failure analysis on society as a whole.
	Not tested
	

	Students will be able to write technical reports that clearly communicate results of  literature searches, laboratory testing, analysis and design.
	Failure Lab and Failure Project Reports
	84%


2.1.3 Other Student Assessment (Standard Course Critique)
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Based on responses from 6 of the 7 students

	Instructor
	Spring 2001

	1.  Ability to stimulate interest
	4.7

	2.  Quality and timeliness of feedback
	4.0

	3.  Ability to provide clear, well-organized instructions
	4.8

	4.  Ability to present alternative explanations
	4.8

	5.  Use of examples and illustrations
	5.0

	6.  Value of questions and problems raised
	5.2

	7.  Knowledge of course material
	5.8

	8.  Military role model
	5.0

	9.  Encouragement given students to express themselves
	5.3

	10.  Concern for student learning
	5.3

	11.  Availability for extra help
	5.5

	12.  Enthusiasm
	5.3

	Course
	

	13.  Organization
	4.5

	14.  Clarity of course objectives and requirements
	4.3

	15.  Degree which course met stated objective
	4.3

	16.  Intellectual challenge, encouragement of indep. thought
	5.5

	17.  Reasonableness
	3.7

	18.  Evaluative and grading techniques
	4.0

	19.  Quality and usefulness of course text
	4.8

	General Evaluation
	

	20.  Course as a whole
	4.7

	21.  Relevance and usefulness 
	5.0

	22.  Amount learned in course
	5.2

	23.  Instructor’s effectiveness in facilitating learning
	5.0


2.1.4 Other Student Assessment (Supplemental Critique)

Representative student comments about the course

I learned a lot from the labs.

The course was very challenging.

Homework assignments were too hard.  Don't rely on the fact that students remember everything from 330, 340, and 350.

I enjoyed the case studies.

Good use of examples.

Major Ware's presentation was excellent.

Representative student comments about the instructor

Dr. Bush is a very difficult grader.

Dr. Bush does more EI than any other instructor @ USAFA.

Every course I have Dr. Bush in, is my hardest course that semester.  However, when I'm finished I feel like I could actually engineer something.

When asked a question, always answers with a question.  Just get to the point.

EI sessions are vague and confusing.

Dr. Bush has good enthusiasm and a great concern for his student's learning.  He enjoys the material and it shows in his classroom presentation.

2.1.5 Other Course Director Assessment

The ability of the students in this class to identify and recognize features associated with different failure modes was very good.  Their ability to write coherent technical reports and develop good failure analysis plans improved substantially over the course of the semester.  Their ability and willingness to use references other than the course textbook improved over the course of the semester.  The ability to make qualitative recommendations to alleviate further failures was adequate.  With additional experience, these students should make good failure analysts.

The ability of students to perform quantitative stress, fatigue, and fracture mechanics analysis of simple structures, such as notched shafts, cylindrical pressure vessels, and beams with stress concentrations was sorely lacking.

The original syllabus was based on course content from 1997 and 1998.  About 20% of the originally planned course content was deleted by the end of the semester.  The original content was replaced by two additional lab periods, half a lesson to discuss and improve student failure analysis plans, two lessons expressly devoted to case study review, and two to three lessons devoted to reviewing homework problems and the GR.  The syllabus in this review reflects what was actually covered this semester.  This pared down syllabus resulted in students learning about fewer topics than before, but I believe they got a better grasp of these fewer subjects than they would have if more material was covered.

The final failure analysis project was a great learning experience.  Due to the small class size I was able to sit down and discuss each student's failure analysis plan with them.  All the original test plans looked like a test plan for the lab we had done at mid-semester. During the individual discussions each test plan was modified to meet the needs of the individual failure investigation.  During the project each student and I discussed the findings of their project and what they meant in terms of what step to take next and how they influenced the conclusions.  In other words, these projects were a joint effort between the students and myself, with me acting as a mentor.  This arrangement seemed increase the value of the project for the student and enhanced their learning.

2.1.6 Other Instructor Assessment 

None
2.2 
Are the Course Goals/Objectives Appropriate? 

Yes

2.3 Time Survey Data 

No time survey data collected.

2.4 Grade History Data 
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2.5 Were Previous Recommendations Appropriate? 

Yes.

3.
RECOMMENDED CHANGES 
3.1 Changes to Course Goals 

None.
3.2 Changes to Course Objectives 

Recommendation

Add wording to Objective #3 to emphasize the quantitative aspect of making recommendations to prevent future failures.  Suggested wording is as follows.

Students will be able to make both qualitative and quantitative recommendations to prevent future occurrences of failure. 

Supporting data:

Students' ability to use concepts learned in EM330 and EM350 to perform low level stress and failure analysis on simple structures was marginal.

Desired outcome

Students should be able to make quantitative recommendations to resize or change geometry of simple structures such as beams, shafts, and cylindrical pressure vessels with and without typical stress concentrations such as round holes and fillet radii.

Recommendation

Add to wording to Objective #2 to clarify meaning.  Suggested wording is as follows:

Students will be able to identify and differentiate between observable features that indicate failures caused by overload, fracture, fatigue, corrosion, wear and high temperature in metals.

Supporting Data

The meaning of the objective as previously stated was unclear to Major Hansen.  Addition of the word "observable" improves the statement's clarity.

Desired Outcome

Meaning of Objective #2 is clear.

3.3 Changes to Course Content 

Recommendation

Place more emphasis at the beginning of the course on quantitative stress and failure analysis to support background, visual and microscopic observations.  Specific suggestions for doing this are found in Section 3.5.

Supporting data

Engineering Mechanics majors entering ME445 this semester had not encountered notched S-N fatigue analysis and had had limited practice (or didn't remember how to deal) with fracture mechanics, smooth S-N fatigue analysis, and fatigue crack growth life prediction.  They were also unfamiliar with the use of Peterson's Stress Concentration Factors Handbook.  They also consistently made elementary errors using stress analysis concepts taught in EM120 and EM330.

Students' ability this semester to support their conclusions and recommendations with quantitative analysis was marginal.  Students should be able to strengthen their qualitative arguments with engineering calculations.

Desired outcome

Students should be able to support their observations, conclusions, and recommendations with calculations and quantitative arguments, when appropriate.  At the undergraduate level, it should be appropriate to do so when dealing with simple structures and reasonably well defined loading scenarios.

Recommendation

Place more emphasis on ethical implications of failure, the analysis of failure, and subsequent recommendations on society.

Supporting data

This is one of the current course objectives.  This topic was not dealt with effectively this semester.  More thought and effort need to be put into introducing this aspect of failure analysis and prevention into the course.

Desired outcome

Students should have an idea of how failure and the analyst's subsequent recommendations can affect the equipment users, manufacturers, and society at large.

Recommendation

Maintain the reduced number of topics covered in this course as compared to the number of topics covered from 1995-98.

Supporting Data

Failure analysis is an in-depth subject that requires knowledge of a wide variety of topics.  However, in a 1-semester undergraduate course it is preferable to cover a limited number of topics thoroughly and let the students know that there are other things they need to know that they must pick up later, rather than firehose them with too much information.

Desired outcome

Students should become competent with a few tools that can be broadened later in their career.

3.4 Changes to Course Delivery 

None

3.5 Changes to Course Administration (Graded Events)

Recommendation

Space out graded events more evenly over the semester.  Homework assignments or a gateway exam designed to review critical concepts covered in EM330 and EM350 should be added at the beginning of the semester.

Supporting Data

Students had forgotten or not used some basic stress analysis, fatigue and fracture mechanics for a period of time.  Therefore several lessons after prog were used to review these concepts.  It would have been better to have the students review them on their own time during the beginning of the semester when the assignment load was lighter.

Desired outcome

Give students more time to polish up rusty and/or inadequately developed skills at the beginning of the semester, before they need to use them for the labs and projects at the end of the semester.

3.6 Changes to Course Policies 

Recommendation

Require students to take EM340 (Materials Science for Engineers) prior to taking ME445.

Supporting Data

A certain number of failures and case studies examined in ME445 looked at the possibility of incorrect materials being specified for the application (such as a steel with a high ductile-to-brittle transition temperature).  Because of the number of other topics covered in ME445, it is not possible to cover all the materials related topics required.  Students who had not taken EM340 prior to taking this class were at a disadvantage at the beginning of the class.  The disadvantage disappeared by the end of the semester for those concurrently enrolled in EM340.

Desired Outcome

Each student should have had at least one semester of exposure to materials science prior to enrolling in ME445.

3.7 Recommendations to Curriculum Assessment Committee 

ME 445 is a capstone course for the Engineering Mechanics major.  An effort will be made to change the course number to EM 445 to reflect this and a change will be made to the course prerequisites to require EM 340.

3.8 Course Review Results 


3.8.1 Attendees: Lt Col Shoales (Deputy for Curriculum), Maj Vaught (Systems and Materials Chief), Maj Hansen (Structures Div Chief), Dr Dennis (EM Program Coordinator)


3.8.2 Curriculum Assessment Committee Determinations

3.8.2.1 Course Objective revisions approved as presented in Para 3.2

3.8.2.2 Recommend that objective 5, “Students will understand the impact of failure and the ethics of failure analysis on society as a whole.”  be considered as a thread of delivery through the course.

3.8.2.3 CAC concurs with recommendations in Para 3.7
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		5.2		5.3		4.6		5.3

		5.1		5.2		4.7		5.7

		5.1		5.2		4.5		5.6

		5.3		5.4		4.6		5.6

		5.3		5.6		5.1		5.9

		4.5		4.7		3.7		4.7

		4.3		4.6		3.8		4.6

		4.5		4.8		4		5.1

		5		5.3		4.7		5.7

		4.4		4.2		3.3		4.9

		4.6		4.4		3.4		4.8

		3		3.8		3.1		3.9

		5		4.8		3.8		5.5

		4.9		5		4.3		5.6

		5.1		5		4.4		5.4

		5		5.1		4.2		5.6



EM 290 Spring 99

EM 290 Fall 99

ME 290 Spring 00

ME 290 Fall 00

Question

ME 290



EM320

		4.2		4.9		4.6		4.3

		4.6		5		4.8		4.8

		4.2		5.1		4.5		4.5

		4.1		5.1		4.8		4.4

		4.5		5.2		5		4.6

		4.5		5		4.7		4.5

		4.4		5.5		5.4		5.4

		5		5.5		5.2		4.9

		4.5		5.2		5		4.6

		4.5		5.3		5		4.5

		4.8		5.2		5.3		4.8

		4.9		5.3		5		4.8

		3.5		4.7		4.2		4.1

		3.4		4.7		4.1		3.9

		3.6		4.7		4.1		4.1

		4.3		4.9		4.8		4.6

		2.9		4.1		3.3		3.1

		3.3		4.5		3.8		3.7

		3.7		4.7		3.7		3.8

		3.4		4.6		3.5		3.7

		4.1		4.7		4.1		4.3

		4.1		4.9		4.2		4.3

		4.1		5.2		4.8		4.3



EM 320 Spring 99

EM 320 Fall 99

EM 320 Spring 00

EM 320 Fall 00

Question

EM 320



EM330

		4.6		4.6		4.3		4.6

		5.2		4.7		5		5.1

		5		4.7		4.7		4.9

		4.8		4.5		4.5		4.8

		5		4.8		4.8		4.9

		4.7		4.6		4.6		4.8

		5.4		5.4		5.3		5.3

		5.2		4.8		5.1		5.2

		4.8		4.6		4.7		4.7

		4.8		4.6		4.6		4.8

		5		4.9		4.9		5

		4.8		5.1		4.9		5

		4.5		4.5		4.6		4.6

		4.6		4.54		4.6		4.5

		4.6		0.4		4.6		4.5

		4.6		4.4		4.4		4.6

		4.6		3.9		3.8		4.2

		4.6		4.1		4.3		4.5

		4.2		4		4.5		4.6

		4.6		4		4.3		4.5

		4.8		4.4		4.6		4.9

		4.8		4.5		4.7		4.8

		4.8		4.6		4.6		4.7



EM 330 Spring 99

EM 330 Fall 99

EM 330 Spring 00

EM 330 Fall 00

Question

EM 330



EM331

		4.4		4.1		4.5		4.2

		4.9		5.1		5.2		5

		4.9		4.8		4.9		4.6

		4.7		4.6		4.6		4.3

		4.9		4.7		4.8		4.7

		4.7		4.5		4.7		4.4

		5.3		5.3		5.6		4.8

		4.9		4.8		5.1		4.9

		4.6		4.3		4.5		4.6

		4.5		4.3		4.8		4.6

		4.7		4.7		5.1		5

		4.8		4.7		4.8		4.7

		4.6		4.5		4.6		4.4

		4.5		4.2		4.6		4.3

		4.5		4.36		4.6		4.4

		4.5		4.3		4.7		4.4

		4.3		4.4		4.6		4.3

		4.4		4		4.2		4.3

		3.5		3.5		4.4		4.2

		4.4		4.2		4.3		4.2

		4.4		4.4		4.7		4.4

		4.4		4.3		4.7		4.5

		4.6		4.4		4.6		4.6



EM 331 Fall 95

EM 331 Spring 96

EM 331 Spring 97

EM 331 Fall 97

Question

EM 331



EM332

		3.7		4.9		5.1		4.7		4.8		4.6

		3		5.2		5		4.8		4.7		5

		3.9		5.2		5.2		5		4.9		4.8

		3.8		5.1		5.1		5		4.7		4.5

		4.1		5.1		5.2		5		4.9		4.7

		3.7		5.1		5.1		5.1		4.9		4.8

		4.2		5.6		5.6		5.4		5.5		5.6

		4.5		5.4		5.7		5.5		5.3		5.2

		4.1		5.1		5.1		5		4.8		4.6

		4.1		5.3		5.2		5.1		4.8		4.6

		4.2		5.4		5.3		5.4		5.1		4.8

		4.2		5.4		5.5		5.1		5.2		5.2

		3.7		4.7		4.7		4.3		4.2		4.6

		3.4		4.6		4.6		4.4		4.1		4.4

		3.5		4.7		4.7		4.4		4.2		4.4

		3.7		4.9		5		4.8		4.5		4.8

		3		4.4		4		3.3		3.3		3.6

		2.8		4.5		4.4		4.3		3.9		4.3

		3.8		3.8		3.5		2.8		3.4		3

		3.4		4.5		4.5		4.2		4.1		4.3

		3.7		4.8		4.8		4.5		4.2		4.5

		3.7		4.7		4.6		4.6		4.4		4.5

		3.6		4.9		5.1		5		4.7		4.7



EM 332 Spring 97

EM 332 Fall 97

EM 332 Spring 98

EM 332 Spring 99

EM 332 Spring 00

EM 332 Spring 01

Question

EM 332



EM335

		4.1		4.1		3.5		3

		5.3		5.5		5.7		5.1

		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

		5.1		5.5		4		5.2

		4.8		5.3		4.4		5.3

		5.5		5.6		3.5		5.3

		5.5		5.4		3.7		5.3

		5.3		5.4		3.6		5

		5.2		5.2		3.6		5.2

		5.8		5.6		5.2		5.3

		5.6		5.5		4.2		5.8

		5.7		5.7		3.7		5.7

		5.3		5.6		4		6

		5.4		5.5		4.3		5.5

		5.6		5.8		4.5		5.5

		5		5.1		2.8		4.3

		4.9		5.4		3.1		4.5

		5		5.1		3.3		5

		5.3		5		4.1		5.7

		4.6		4.9		3.1		5

		4.8		4.9		3.5		4.7

		3.6		4.5		2.9		4.7

		4.9		4.6		3.3		4.7

		4.6		4.9		4.1		5

		4.6		4.9		3.1		5.3

		5.1		5.5		3.5		5.5



EM 421 Spring 95

EM 421 Spring 96

EM 421 Spring 97

EM 421 Spring 99

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
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		5		4.3		4.5		4.6		4.6		4.6		A		5		5.1		5.3		4.7		4.5		4.9		4.9		4.8		5.3		4.6		5		4.9		4.8		5		5		4.4		5.1		A		4.8		5.1		5.1		5		5.1		5.3		4.7		5.5		3.8		4.8		5.1		4.4		4.3		A		3.6		3.8		5.1		4		4.5		5.2		5		4.6		4.8		4.4		4.6		5		4.8		4.8		4.9		5		5.2		4.9		4.9		4.7		A		4.8		4.7		5		5.2		4.9		5		4.8		A		4.1		5.1		5.2		5		4.9		4.7		4.9		5.1		5		A		4.8		4.6		5.6		4.7		4.4		5.1		4.7		A		5.1		4.9		4.9		5.5		4.6		4.8		4.6		4.6		5		4.9		A		4.6		5.1		4.5		5.1		4.8		5.2		4.3		5.3		5.6		5.2		A		5.3		5.5		5.3		5.5		5.4		5.3		5.4		A		3.6		5		5.1		4.9		A		3.5		4.3		5.2		5.2		5.3		5.3		5.1		A		5.2		5		5.5		4.5		4.3		A		4.4		4.9		4.3		5		5.4		5		A		5.6		5.5		3.5		5		3.7		5.3		3.9		A		3.2		5.5		5.3		5.3		5.5		4.5		4.6		A		4.9		4.4		4.5		5.1		5.2		4.5		A		4.5		5.5		4.9		5.9		4.2		5.7		4.9		5.1		4.2		4.9		4.7		A		4.5		4.4		4.7		4.9		4.9		4.6		5.7		5.5		5.3		4.6		3.9		4.8		5.9		5.4		4.6		4.9		5		4.7		4.7		A		4.7		4.8

		6		4.2		4.4		4.4		4.5		4.4				4.7		4.9		5.1		4.5		4.4		4.7		4.6		4.7		5		4.5		4.8		4.7		4.5		5		4.6		4.3		4.9				4.7		4.9		5		4.7		5		5.1		4.6		5.4		3.7		4.7		5		4.3		4.4				3.5		3.7		4.8		3.8		4.5		5		4.7		4.5		4.5		4.4		4.4		4.7		4.6		4.6		4.8		4.7		5		4.6		4.7		4.5				4.7		4.4		4.8		5.1		4.7		4.9		4.7				3.7		5.1		5.1		5.1		4.9		4.8		5.1		4.7		4.8				4.7		4.3		5.2		4.3		4.2		4.9		4.5				4.8		4.8		4.5		5		4.6		4.4		4.3		4.4		4.9		4.8				4.6		5		4.3		5		4.6		5.2		4.1		5.1		5.3		5				5.1		5.4		5.1		5.5		5.4		5.2		5.2				3.6		5.2		5.1		5				3.6		4.6		5.1		5.3		5.4		5.3		5.1				5.4		4.6		5.2		4		4.1				4.1		4.6		4.3		4.8		5.3		5.2				5.4		5.5		3.8		5.2		3.2		5.1		3.7				3.1		5.3		5		5.1		5.2		4.3		4.7				4.8		4.2		4.6		4.7		4.9		4.5				4.2		5.2		4.8		5.7		4.1		5.7		4.9		5.1		4.4		4.9		4.8				4.6		4.3		4.7		4.7		5.1		4.7		5.7		5.5		5		4.6		3.4		4.7		5.7		5.4		4.4		4.8		4.9		4.6		4.6				4.5		4.6

		7		4.9		5.1		5.2		5.2		5.1		C		5.3		5.5		5.5		5.3		5.2		5.4		5.3		5.3		5.5		5.1		5.3		5.3		4.9		5.2		5.2		4.6		5.3		C		4.9		5.4		5.3		5.5		5.4		5.2		4.9		5.8		3.6		5.2		5.3		4.7		4.9		C		3.9		4.3		5.5		4.7		4.4		5.5		5.4		5.4		5.8		5.2		5.1		5.4		5.4		5.3		5.3		5.4		5.7		4.8		5.3		5.3		C		5.6		4.8		5.2		5.6		5.2		5.1		4.8		C		4.2		5.6		5.6		5.4		5.5		5.6		5.9		5.9		5.8		C		5.8		5.9		5.8		4.5		4.4		5.3		4.9		C		5.2		5.1		5		5.6		5.4		5.5		4.9		5.1		5.4		5.3		C		5.4		5.5		5		5.6		5.7		5.5		5.4		5.4		5.7		5.2		C		5.4		5.7		5.1		5.7		6		5.8		5.6		C		5.2		5.3		5.8		5.7		C		5		5		5.6		5.7		5.9		5.7		5.6		C		5.4		5.6		5.5		5.4		5.1		C		4.9		5.2		5.8		5.5		5.8		5.6		C		5.7		6		4.5		5.8		3.3		5.5		4.2		C		3.1		5.8		5.5		5.5		5.8		5.1		5.3		C		5.7		4.8		5.1		5		5.3		4.9		C		4.5		5.5		5.6		5.9		4.6		5.9		5.2		5.4		4.5		5.3		5		C		4.9		4.9		4.9		5.1		5.5		5.4		6		5.5		5.5		5.6		5.7		5.5		5.9		5.5		4.9		5.4		5.4		5.2		5.1		C		5.2		5.2

		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		5.6		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		5.4		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		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		5.3		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		5.4		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		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		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		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		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

		17		3.8		3.9		3.9		3.9		4.1				4.4		4.3		4.7		3.7		4		4.3		4.4		4.3		4.9		3.9		3.9		4.2		3.7		4.6		4		3.6		4.5				4.3		3.7		3.7		3.9		4.4		4.2		3.3		4.9		2.7		3.5		4.1		3.4		4				3.1		2.7		3.5		3		2.9		4.1		3.3		3.1		4.6		4.6		4.4		4.6		3.9		3.8		4.2		4.2		4.8		4.5		4.3		4.4				4.6		4.3		4		4.4		4.2		4.5		4.4				3		4.4		4		3.3		3.3		3.6		3.9		4.1		4.5				4.5		4.3		4.5		4.2		4.1		4.4		4.2				4.5		4.6		4.5		4.8		3.8		3.9		4		3		4.2		4.3				3.6		4.5		2.9		4		3.7		4.2		3.3		4.9		5.2		4.9				4.5		4.7		4.5		5.5		4.6		4.6		4.9				3.1		5		4.6		4.5				3.3		4		4.6		5.2		5.3		5.1		5				5.2		4.8		5.3		3.8		3.6				2.9		3.6		3.2		3		4		4.2				4.6		4.7		3.5		3.7		2.1		4.2		2.9				1.5		5.2		4.2		5		5.5		3.8		4.2				4.3		3.4		3.8		4.3		4.4		3.8				3.2		4.4		4		5.6		3.8		5.6		3.5		4.8		4.2		4.7		4.3				4.3		3.9		3.6		3.8		4.5		3.8		5.1		5.8		5		3.6		1.9		3.2		5.6		5.4		3.8		4		4.3		4		4.3				3.9		4.2

		18		3.9		4.1		4		4		4.2				4.2		4.4		4.7		3.6		3.9		4.3		4.3		4.3		5		4		4		4		4.1		4.5		3.7		3.7		4.3				4.1		4.5		4.1		4.2		4.6		4.4		3.4		4.8		2.7		3.5		4.1		3.8		4				3.4		3.3		3.8		3.1		3.3		4.5		3.8		3.7		4.8		4.4		4.2		4.6		4.1		4.3		4.5		4.1		4.8		4.3		4.4		4				4.2		4.3		4.2		4.5		4.3		4.4		4.4				2.8		4.5		4.4		4.3		3.9		4.3		4.6		4.5		4.7				4.9		3.9		4.6		4.2		3.9		4.4		4.2				4.5		4.4		4.3		4.9		3.8		3.8		4.2		3.8		4.3		4.4				3.7		4.3		3.2		4.1		4.3		4.6		3.5		4.8		5.1		4.9				4.5		4.4		4.3		5.7		4.6		4.8		4.9				3.5		4.7		5.1		4.6				3.2		4.1		4.8		5		5.6		5.4		4.9				5.6		4.8		5.5		4.1		3.7				3.4		4		3.5		4.8		4.2		4.3				4.7		4.8		3.8		4		2.8		4.2		3.1				1.6		4.8		4.8		5		5.2		3.9		4.2				4.3		3.7		4.1		4.5		4.5		3.9				3.4		4.6		4.1		5.7		3.6		5.6		4.3		5.1		4.1		4.9		4.1				4.2		3.9		4		4.1		4.4		4.5		4.9		5.7		5		4		2.9		3.7		5.7		5.4		4		4.2		4.3		4.1		4.2				4.1		4.1

		19		3.6		3.5		3.4		3.6		3.9				4.5		4.1		4.4		3.6		3.7		4.1		3.9		3.9		4.4		3.9		3.9		4.1		4		4.7		4.2		3.9		4.3				4.2		3.2		3.1		2.9		3		3.8		3.1		3.9		3.6		4		4.2		4		4.2				3.2		3.1		4		3.4		3.7		4.7		3.7		3.8		4.8		4.3		4.4		4.2		4		4.5		4.6		3.2		4		3.6		3.5		3.5				4.4		4.2		3.6		3.5		3.3		3.7		4.1				3.8		3.8		3.5		2.8		3.4		3		3.8		4.6		4.1				4.3		2.8		5		4.3		4.2		4.6		4.2				4.5		4.5		4.3		4.7		4		4		3.6		4.5		3.6		4				4.3		4.5		4		4.2		4.8		5.1		3.7		5.3		5.5		5.1				4.9		5.1		4.6		5.6		4.1		3.6		4.5				2.9		4.7		5		4.7				3.5		4.3		4.9		3.1		5.5		4.9		4.9				5.6		3.2		4.7		4.1		4.2				2.3		3.2		2.8		4.5		5.3		5.1				5		5.1		4.5		4.8		2.7		4.6		3.7				3.1		4.8		3.9		5		4.2		3.4		4.2				2.7		3.4		2.8		3.8		4.5		4.1				4		4.2		4.5		5		4		5.1		2.4		3.7		4.2		4.9		4.2				4.1		2.5		2.8		2.4		4.4		3.5		4.1		4.8		5.2		2.7		1.4		4		5		4.5		3.8		4.2		4.2		4.1		4.1				3.7		4.3

		20		3.8		3.9		3.8		3.9		4.1				4.3		4.3		4.7		3.7		3.9		4.3		4.4		4.1		5.1		3.8		3.7		4.1		3.9		4.6		4.2		3.6		4.7				4.4		4.4		4.4		4.3		5		4.8		3.8		5.5		2.9		4		4.3		3.7		4				3.3		3		4		3.1		3.4		4.6		3.5		3.7		4.4		4		4.3		4.6		4		4.3		4.5		4.2		4.6		4.5		4.4		4.2				4.3		4.2		4.1		4.6		4.3		4.8		4.4				3.4		4.5		4.5		4.2		4.1		4.3		4.5		4.2		4.4				4.4		3.2		4.8		4.3		4		4.5		4.3				4.6		4.5		4.2		5		3.8		4.1		3.8		4.6		4.3		4.4				3.8		4.6		3.6		4.4		4.2		4.9		3.5		5.3		5.6		5.2				4.8		5.2		4.9		5.7		4.8		4.9		4.6				3.3		4.7		5		4.6				3.4		4.3		4.8		5		5.7		5.5		4.8				5.4		4.2		5.5		4.2		4.1				4		4.2		3.9		4.3		5.2		4.8				5.4		4.9		3.8		4.7		1.9		4.7		3.2				2		4.9		4.6		4.5		5.4		3.5		3.7				4.5		3.4		3.9		4.5		4.7		4				4.1		4.8		4.2		5.7		3.8		5.7		4.8		4.8		4.2		4.8		4.4				4.2		3.8		3.9		4		5		4.5		4.8		5.7		5.3		4		2.4		3.9		5.7		5.6		3.9		4.3		4.5		4.2		4.3				4.2		4.2

		21		4.1		4		4		4		4.2				4.4		4.2		4.7		3.8		4.1		4.3		4.4		4.1		4.9		3.8		3.7		4.2		4.3		4.7		4.2		4		4.9				4.4		4.5		4.9		4.5		4.9		5		4.3		5.6		3.8		4.4		4.6		4.1		4.6				3.8		3.5		4.2		3.7		4.1		4.7		4.1		4.3		4.8		4.6		4.5		4.8		4.4		4.6		4.9		4.6		4.8		4.5		4.4		4.4				4.7		4.4		4.4		4.8		4.7		4.8		4.5				3.7		4.8		4.8		4.5		4.2		4.5		4.4		4.3		4.6				4.5		2.9		5.1		4.4		4.4		4.7		4.6				5		4.6		4.3		5.2		4.2		4.2		4.3		4.7		4.6		4.7				4.6		4.9		4.2		4.6		4.8		5.2		4.2		5.4		5.7		5.4				5.1		5.5		5.4		5.8		4.6		4.6		4.9				4.1		5		5.1		4.9				3.9		4.8		5.1		5.3		5.6		5.6		5				5.4		4.4		5.7		4.5		4.3				4.4		4.4		4		4.8		5.3		4.9				5.4		5.4		4.3		5		3.3		4.8		4				2.9		5.1		5		5.4		5.5		4		4.3				4.9		3.9		4.3		4.7		5		4.6				4.7		5.2		4.6		5.9		4.5		5.9		5.3		5.3		4.7		5		4.9				4.5		4.4		4.2		4.5		5.4		4.8		5.6		5.7		5.2		4.4		3.1		4		5.9		5.9		4.3		4.6		4.7		4.5		4.5				4.5		4.4

		22		4.1		4.2		4.1		4.2		4.3				4.5		4.6		4.9		4		4.1		4.4		4.4		4.4		4.9		3.9		3.9		4.3		4.1		4.7		4.3		3.8		4.7				4.4		4.5		4.8		4.4		5.1		5		4.4		5.4		3.3		4.2		4.6		4		4.5				3.7		3.5		4.3		3.8		4.1		4.9		4.2		4.3		4.7		4.4		4.4		4.8		4.5		4.7		4.8		4.7		5		4.6		4.4		4.3				4.7		4.5		4.6		4.8		4.6		4.9		4.3				3.7		4.7		4.6		4.6		4.4		4.5		4.9		4.5		4.6				4.3		3.2		5.1		4.5		4.2		4.7		4.5				4.8		4.6		4.5		5.1		4.2		4.4		3.9		4.6		4.5		4.3				4.5		5		4.2		4.5		4.8		5		3.9		5.2		5.6		5.3				5		5.4		5.2		5.7		5		4.6		4.9				3.1		5.3		5.2		5				3.6		4.7		5.2		5.5		5.5		5.5		4.8				5.2		4.8		5.5		4.4		4.3				4.4		4.6		3.7		4.8		5.3		5				5.6		5.2		4		5.2		2.7		4.8		3.7				2.7		5.1		4.7		5		5.5		3.5		4.2				5.1		3.8		4.1		4.6		4.7		4.3				4.6		5.2		4.5		5.7		4.2		5.6		5.3		5.3		4.5		5		4.5				4.5		4.1		3.9		4		5.4		4.8		5.2		5.8		5.5		4.6		3.2		4.4		5.7		5.9		4.3		4.6		4.6		4.4		4.5				4.5		4.5
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ME 445

		ME 445 Grade History

		Year		Incoming GPA		Prog		Final

		91		2.88				3.11		Course Director:______________________

		92		2.75		2.81		3.00

		93		2.82		3.00		3.37		Division Chief: _______________________

		94		2.98		3.64		3.27

		95		3.07		2.63		2.97		Deputy for Curriculum: ________________________

		97		3.19		2.57		3.16

		98		2.95		2.69		2.97

		2000		3.04		2.67		3.23

		2001		3.11		3.66		3.24
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