Spring 2001

Course Review held on: 31 May, 2001

MechEngr 325

Engineering System Dynamics
Offered:  Spring Semester Only

Number of Credit Hours:  3(1)

Prerequisites for this Course: Engr Mech 320, El Engr 231

Co-requisites for this Course: none

This Course is a Prerequisite for:none

This Course is optionally required for the Mechanical Engineering Program
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Course Director:  Robin Redfield

Instructors: Dave Hansen

· COURSE DESCRIPTION 

Engineering System Dynamics. 3(1). Modeling, analysis, and design of multi-domain engineering systems including mechanical, electrical, hydraulic, instrumentation, and control elements. Models are developed based on tracking power interactions between system components. Mathematical models are developed in state space form and are investigated both analytically and numerically.  System response to initial conditions and forcing functions is examined.  Tools are introduced to predict system stability, behavior, and response to parameter variation.  Non-linear models and elementary control systems are introduced. Prereq: Engr Mech 320, El Engr 231. Final exam or project. Sem hrs: 3 Spring.

Textbook: Dean Karnopp, Donald Margolis, and Ronald Rosenberg

System Dynamics, Modeling and Simulation of Mechatronic Systems, Wiley Interscience, 3rd edition, 2000.

1.1 Goals and Objectives 

1.1.1 Course Goals 

Cadets will be able to mathematically model physical systems for their dynamic behavior and relate design parameters to measures of performance.

1.1.2 Course Objectives – 

1) Distinguish significant and insignificant components in a dynamic, engineering system on the basis of their power interactions and energy storage.
2) Build bond graph models of single and multi-domain mechanical, electrical, and hydraulic systems (including feedback) of simple to moderate complexity.  

3) Write differential equations from bond graphs, linearize nonlinear equations, and put linear equations into matrix form.  

4) Solve linear sets of differential equations analytically and relate the eigenvalues to the time response of the system (time constant, natural frequency, damping ratio).
5) Solve sets of differential equations (linear or not) with numerical methods and examine the sensitivity of a response to changing parameters.
6) Re-design dynamic systems by altering or adding dynamic effects to achieve required performance.

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.

	1 - Distinguish significant and insignificant components in a dynamic, engineering system on the basis of their power interactions and energy storage.
	
	(
	
	(
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	3 - Write differential equations from bond graphs, linearize nonlinear equations, and put linear equations into matrix form.  
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	4 - Solve sets of differential equations (linear or not) with numerical methods and examine the sensitivity of a response to changing parameters.
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	5 - Solve sets of differential equations (linear or not) with numerical methods and examine the sensitivity of a response to changing parameters.
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	6 - Re-design dynamic systems by altering or adding dynamic effects to achieve required performance.
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1.2 Course Content – 

	LESSONS
	TOPICS
	READING
	HOMEWORK / NOTES

	1
	Administration, Prerequisite quiz, Mathematica, Course overview
	Handouts

Preface
	Always define italicized terms 

Bring questions from reading

	2
	System Models
Systems, Subsystems, and Components

State determined systems

Uses of dynamic models
	Chapter 1
	1-1, 2, 4

	3
	Engineering Multiports
Power and Energy

Mechanical translation variables

Mechanical rotation variables

Hydraulic variables

Electrical variables
	Sections 2 -> 2.1
	2-1

	
	Word bond graphs

Power bonds, half arrows,

 sign convention, bond notation

Active bonds and signal flow
	Sections 2.2 -> 2.3
	2-2

	6
	Excitation and response

Input and output

Block diagrams

Causality

Automatic control systems
	Section 2.4
	2-3, 4, 7, 8, 9


	LESSONS
	TOPICS
	READING
	HOMEWORK / NOTES

	
	Component models

1-port elements: linear and nonlinear

Resistor, capacitor, and inertia

Sources
	Sections 3 -> 3.1
	3-1, 2, 4, 6, 10

	
	2-port elements: Transformer and Gyrator

Cascaded 2-ports

Modulated 2-ports
	Section 3.2
	3-11, 12

	
	3-port elements

Power distribution: 0 and 1 junctions
	Section 3.3
	3-19, 20, 21

	
	Causality

1-port causality

2 and 3-port causality
	Section 3.4
	3-17, 18

	
	Block diagrams


	Section 3.5
	3-14

	17
	Pseudo bond graphs

Thermal systems
	Section 3.6
	3-16


	LESSONS
	TOPICS
	READING
	HOMEWORK / NOTES

	25, 26
	Electrical circuit models

Inspection and construction methods

Electrical networks
	Sections 4 -> 4.1
	4-1, 2

	18
	Mechanical translation models

Inspection and constructions methods
	Section 4.2
	4-3, 4

	24
	Fixed axis rotation models

Linear and nonlinear
	Section 4.3
	4-5

	28, 29
	Hydraulic system models

Pump-motor unit
	Section 4.4
	4-6, 7, 8

	30, 32
	Transducer models

Hydraulic Ram, Rack and pinion, DC motor, pump
	Section 4.5
	4-9, 12, 13, 15, 19


	LESSONS
	TOPICS
	READING
	HOMEWORK / NOTES

	26
	Writing system equations

Augmenting the bond graph

Sign convention and causality
	Sections 5.1 -> 5.2
	

	26, 27
	Formulating equations

(directly from the bond graph)
	Section 5.3
	5-1, 11

	33
	Algebraic loops

(incomplete causal assignment)
	Section 5.4
	5-5, 19

	34
	Differentiation causality

Dependent energetic elements
	Section 5.5
	5-3, 10

	
	Output equations

(performance measures)
	Section 5.6
	5-12, 14

	26, 27
	Non-condensed equations

Equations for simulation
	Section 5.7
	5-8, 9, 13


	LESSONS
	TOPICS
	READING
	HOMEWORK / NOTES

	35
	Analysis of linear systems

Solution techniques
	Sections 6.1 -> 6.2
	6-1

	
	Free response

(homogeneous or transient response)
	Section 6.3
	6-2, 3, 4, 5

	
	Forced response (frequency)

(particular response)
	Section 6.4
	6-7, 8

	
	Transfer functions

(input-output relationships)
	Section 6.5
	6-13, 19

	
	Total response


	Section 6.6
	6-9

	
	Introduction to control

Feedback

Proportional, derivative, and integral control
	Notes and

handouts
	6-20


1.2.1 Summary of Graded Events 

	Assessment Events
	Course Objectives
	Percent of Grade
	Time allotted

	GR #1
	1,2,3
	15%
	50 min.

	GR #2
	1,2,3,4,6
	15%
	50 min.

	Final exam and/or Project

	1,2,3,4,5,6
	25%
	2 week / 

1 hour

	Computer Assignments

	1,2,3,4,5,6
	30%
	Approx.

1 week

	Homework and/or quizzes
	1,2,3,4,6
	15%
	1 lesson


1.3 Course Placement 

1.3.1 Course Flow Map  
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1.3.2 Prerequisites

· Engr Mech 320 - Planar, rigid body dynamics, energy and momentum concepts

· El Engr 231 - Electrical circuits, circuit analysis

· Math - Differential equations, eigen-analysis, matrix algebra, numerical methods 

1.3.3 Courses Fed 

· Capstone design courses, Competition teams
1.3.4 Replacements and Waivers   
· Optional replacement for Engr 341 in Mechanical Engineering major
1.4 Course Policies  
· Worst case (for cadets) grade cuts

· 90% A

· 80% B

· 70% C

· Must achieve 60% to pass
1.5 General Course Delivery 

· Lecture based

· Reading/homework assigned

· Classroom quizzes

· Mathematica computer assignments

1.6 Changes from Previous Offerings 

· Added prerequisite quiz.

· Provided Mathematica templates for everything.

· Taught with additional instructor (Super Dave)

· Used a new book since old one went out of print.

· Final project was half project, half test.

1.7 Course Resources

1.7.1 Supplies 

1.7.2 Equipment/Computers 

· Mathematica for analysis and simulation

· In class projection and a laptop 

1.7.3 Needs/Desires 

· Demo physical systems with adaptive parameters and data acquisition capabilities (still, but need time to develop)
2. ASSESSMENT

2.1 Were the Course Objectives Achieved?  
2.1.1 Student and Instructor Assessment 

0 – Strongly Disagree
1 – Disagree
2 – Neutral
3 – Agree    4 – Strongly Agree

	Course

Objective
	Cadet

 Avg (SD)
	Instructors
	

	1
	3.1 (.75)
	3.5
	

	2
	3.5 (.75)
	3.2
	

	3
	2.8 (.91)
	3.3
	They mostly do get this objective.  

	4
	2.2 (.76)
	2.8
	Late in the term; they have dumped 346 on ODEs

	5
	2.4 (.73)
	3.5
	They probably misinterpreted the question

	6
	2.8 (.75)
	3.2
	


2.1.2 Assessment Based Upon Graded Events  
	Event
	Average

Score


	Course

objectives

covered
	Remarks



	GR#1
	78%
	1-3
	Mechanical, components, energetic relationships

	GR#2
	72%
	1-3
	Mechanical, electrical, hydraulic, and equations

	Final Project
	80%
	1-6
	Multi-domain and analysis

	Final Exam
	80%
	3, 4
	Equations and linear analysis

	Quizzes
	77%
	1-3
	Gateway quiz and

throughout semester

	Modeling

Assignments
	87%
	1-6
	Synthesis


2.1.3 Other Student Assessment (Standard Course Critique)
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2.1.4 Other Student Assessment (Supplemental Critique)

· Comments from optional written critiques included difficulty with Mathematica and dislike of late policy.

2.1.5 Other Course Director Assessment

· Very helpful to have 2nd instructor for camaraderie and course evaluation. Cadets seem to appreciate the course once the topics come together and they can “do it all” (model, write equations, solve equations, and interpret results).

2.1.6 Other Instructor Assessment

· Cadets using material in ME 370 and competition projects which is rewarding. Cadets whine about policies and Mathematica but we should keep things where they are.
2.2 Are the Course Goals/Objectives Appropriate? 

· These are appropriate however objective 2 should state that feedback control is possibly included since course ordering affects topics that end up covered.

2.3 Time Survey Data 

· The average time spent per lesson out of class was 70 minutes. 

2.4 Grade History Data 

	ME 325 
	Grade History
	 
	 

	Year
	Incoming GPA
	Prog
	Final

	Fall 98
	2.79
	2.78
	3.1

	Spring 99
	3.05
	2.92
	3.15

	Spring 00
	2.98
	2.62
	2.84

	Spring 01
	3.11
	2.45
	2.62


2.5 Were Previous Recommendations Appropriate? 

· More review of prerequisite material.

· Prerequisite quiz administered and helpful.

· Simulation projects simpler and less often. Consistent quizzes.

· Mathematic templates given, simulation projects build throughout semester, quizzes given when they fit workload.

· Use own notes or web-book since book out of print.

· Alternative book found and used successfully.

· Final option as half project, half test.

· Implemented successfully.

· Teach course with another instructor

· Done.

3. RECOMMENDED CHANGES 

3.1 Changes to Course Goals 

3.2 Changes to Course Objectives 

· Recommendation #1

· Change objective #2 to state “possibly including feedback.”

· Supporting Data  

· Course sequence affects topics covered

· Desired Outcome  

· Flexibility for instructor  

· Comments 
-
Topic sequence will be modified to get cadets to see “the whole picture” as soon as possible for better appreciation of course utility.
3.3 Changes to Course Content 

· Recommendation #1

· Less time in class on energetic element behavior 

· Supporting Data  

· Too many lessons on this that left out enough room for linear analysis 

· Desired Outcome  

· Get to analysis a few lessons earlier since it is a tougher topic. Ability to compare analytical and simulation results.

· Comments
· Requires cadets to get into book more.

· Recommendation #2

· Teach code debugging along with simulation projects 

· Supporting Data  

· They don’t know how to do it

· Desired Outcome  

· It will improve their thinking skills

· They will spend less time debugging and more time considering engineering results.

· Comments
· None.

3.4 Changes to Course Delivery 

· Recommendation #1

· No projects due after weekend or holiday

· Supporting Data  

· Cadets wait for weekend and spend way too much time on  project. 

· Desired Outcome  

· Cadets forced to have time for EI.

· Comments
· They haven’t figure this out yet in general.
3.5 Changes to Course Administration (Graded Events)

3.6 Changes to Course Policies 

· Recommendation #1

· Computer projects not accepted unless they function reasonably and Mathematica help is available from anyone.

· Supporting Data  

· It is very unsatisfactory for cadets and instructors to have a non-functioning computer project. There is no good reason to limit Mathematica help. 

· Desired Outcome  

· Assignments done correctly and with less debugging time.

· Comments
· This is current policy but it is not written.

· Recommendation #2

· No EI the day of or before a project is due.

· Supporting Data  

· Do they wait till the last minute? 

· Desired Outcome  

· Start projects earlier.

· Comments
· This might be part of “tough love.”

3.7 Recommendations to Curriculum Assessment Committee – 
· Consider possibility of ME 325 satisfying some thermal fluids content for Engineering Mechanics Program  

3.8 Course Review Results
3.8.1 Attendees:  Lt Col Shoales (Deputy for Curriculum), Dr Redfield (CD & ME Program Coordinator), Maj Hansen (Structures Div Chief), Maj Vaught (Materials and Systems Div Chief), Dr Dennis (EM Program Coordinator), Capt Feland
3.8.2 Curriculum Assessment Committee Determinations
3.8.2.1 CD will work with Div Chief to rewrite COs to clarify meaning

3.8.2.2 Wording of CO 5 will include the use of “tools” to solve sets of equations

3.8.2.3 Comment in Para 3.7 will be considered by thermal sciences POC (Lt Col Ball) and EM program coordinator
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		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

		4.1		4.7		5.3		4.4

		4.7		4.8		5.5		4.4

		4.8		4.6		5.3		4.4

		4.9		4.9		5.5		4.6

		4.8		4.5		5		4.6

		5.1		5		5.6		5.4

		5		4.8		5.6		4.9

		5		4.7		5.3		4.7

		4.9		4.7		5.4		4.4

		5.1		4.8		5.4		4.9

		5.4		5.3		5.6		4.9

		4.4		4.6		4.9		3.6

		4.3		4.5		4.9		3.6

		4.3		4.7		4.9		3.8

		4.6		4.2		5		4.2

		4.6		4.5		4.8		3.8

		4.4		4.3		4.9		3.8

		4.5		4.3		4.7		4

		4.5		4.2		5		3.8

		4.6		4.3		5.2		4.2

		4.6		4.5		5.1		4.2

		4.7		4.4		5.4		4.2



EM 340 Fall 97

EM 340 Spring 98

EM 340 Spring 99

EM 340 Spring 00

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

		5.5		5.5		5.4		5.3

		5.4		5.4		5.2		4.6

		5.5		5.3		5		4.2

		5.3		5.1		5.2		5

		5.3		5.1		5.4		4.6

		5.7		5.6		5.4		5.6

		5.6		5.5		5.4		4.4

		5.2		5.5		5.4		5

		5.2		5.3		5.2		5.2

		5.4		5.3		5.2		4.6

		5.7		5.4		5.4		5.2

		4.8		4.9		5.4		4.4

		5		4.8		5.2		4.4

		5.3		4.9		5.2		4.4

		5.7		5.5		5.2		4.8

		5.1		5		5.2		4.8

		5.4		4.9		5.6		4.8

		4.9		4.9		5.6		3.2

		5.5		4.8		5.4		4.2

		5.6		5		5.4		4.4

		5.5		4.8		5.2		4.8

		5.6		4.9		5.2		4.8



EM 432 Spring 95

EM 432 Spring 96

EM 432 Spring 97

EM 432 Spring 98

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

		4.8		5.6		5.2		3.3

		4.7		4.1		4.3		4

		4.8		5.4		5.4		3.5

		4.9		5.5		5.7		4

		5		5.6		5.5		3.5

		5.2		5.4		5.5		3.8

		5.6		5.7		6		4.5

		5.2		5.5		5.3		3.8

		4.9		5.4		5.7		4

		5		5.6		5.3		4.3

		5		5.5		5.2		3.5

		5.4		5.7		5.4		4

		4.5		5		4.6		3

		4.4		4.9		4.5		3

		4.6		5		4.8		4

		5		5.5		5.7		4.5

		4.2		4.6		4.7		3.5

		4.3		4.7		4.8		3.8

		5.1		5		5.1		4.5

		4.8		5.4		4.9		3.8

		4.9		5.4		5.4		4.3

		5		5.6		5.2		4

		4.9		5.6		5.2		3.5



EM 445 Fall 95

EM 445 Spring 97

EM 445 Spring 98

ME 445 Spring 00

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		5.4		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		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		4.4		4.3		R		4.6		5.1		4.8		5.3		4.8		5.2		R		5.5		5.3		3.8		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		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		4.8		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		4.1		4.1		I		4.3		4.6		4.5		5.5		5.1		4.9		I		5.4		5.7		4		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		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		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		4.5		4.4		T		4.4		4.8		4.8		5.3		4.8		5		T		5.6		5.3		4.3		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		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		4.7		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		4.7		I		4.6		4.8		4.8		5.8		5		5		I		5.5		5.2		3.5		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		5.8		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		4.6		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		4.7		4.4		Q		4.6		4.6		4.8		5.5		5.3		5.4		Q		5.7		5.4		4		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		4.7		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		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		4.3		U		3.9		4.1		4		4.5		4.8		4.5		U		5		4.6		3		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		4.3		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		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		4.1		4.1		E		3.6		4		3.9		2.5		4.8		4.4		E		4.9		4.5		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		4.5		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		4.4		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		4.2		4.1				4		4.1		4		3.3		4.7		4.6				5		4.8		4		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		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		4.1		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		4.3		4.2				4		4.3		4.1		5		5.3		5				5.5		5.7		4.5		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		3.9		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		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		3.8		3.6				2.9		3.6		3.2		3		4		4.2				4.6		4.7		3.5		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		4.6		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		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		4.1		3.7				3.4		4		3.5		4.8		4.2		4.3				4.7		4.8		3.8		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		3.8		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		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		4.1		4.2				2.3		3.2		2.8		4.5		5.3		5.1				5		5.1		4.5		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		4.5		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		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		4.2		4.1				4		4.2		3.9		4.3		5.2		4.8				5.4		4.9		3.8		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		4.4		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		4.3		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		4.5		4.3				4.4		4.4		4		4.8		5.3		4.9				5.4		5.4		4.3		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		4.9		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		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		4.4		4.3				4.4		4.6		3.7		4.8		5.3		5				5.6		5.2		4		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

		23		3.9		4.2		4.2		4.3		4.4				4.7		4.9		5.1		4.4		4.1		4.8		4.6		4.6		5.3		4.3		4.4		4.6		4.4		4.9		4.6		4		5.1				4.6		4.7		5		4.8		5		5.1		4.2		5.6		2.9		4.5		4.8		4		4.2				2.9		3.3		4.7		3.6		4.1		5.2		4.8		4.3		4.4		4		4.3		4.8		4.6		4.6		4.7		4.7		5.2		4.7		4.6		4.4				4.6		4.6		4.6		5.3		4.7		4.9		4.5				3.6		4.9		5.1		5		4.7		5.4		5		4.8				4.6		3.8		5.2		4.4		4.2		5		4.5				5		4.7		4.4		5.4		4.2		4.1		4.7		4.7		4.7				4.2		5.1		4.1		4.9		4.3		5.3		4.2		5.3		5.5		5.1				5.1		5.3		5.1		5.8		5.3		5.1		5.5				3.5		5.5		5.1		5				3		4.3		5.3		5.3		5.6		5.6		4.9				5.2		4.8		4.2		3.9				3.9		4.6		4		4.8		5.3		4.9				5.6		5.2		3.5		2.4		4.9		3.4				2.2		5.3		5		5.3		5.6		4		4.3				5		4		4.3		4.8		4.9		4.3				4		5.3		4.4		5.7		3.8		5.7		4.7		5.1		4.4		5		4.4				4.3		4.4		4.2		4.3		5		4.8		5.4		6		5.3		4.3		3.3		4.6		5.7		5.6		4.2		4.7		4.8		4.5		4.5				4.4		4.5



&A

Page &P



Data Tables

		5.1		5.1		5.5		4		5.2

		5.1		4.8		5.3		4.4		5.3

		5.4		5.5		5.6		3.5		5.3

		5.4		5.5		5.4		3.7		5.3

		5.4		5.3		5.4		3.6		5

		5.4		5.2		5.2		3.6		5.2

		6		5.8		5.6		5.2		5.3

		5.4		5.6		5.5		4.2		5.8

		5.4		5.7		5.7		3.7		5.7

		5.1		5.3		5.6		4		6

		5.4		5.4		5.5		4.3		5.5

		5.9		5.6		5.8		4.5		5.5

		5		5		5.1		2.8		4.3

		4.8		4.9		5.4		3.1		4.5

		5		5		5.1		3.3		5

		5.3		5.3		5		4.1		5.7

		4.6		4.6		4.9		3.1		5

		4.6		4.8		4.9		3.5		4.7

		4.1		3.6		4.5		2.9		4.7

		4.8		4.9		4.6		3.3		4.7

		4.6		4.6		4.9		4.1		5

		5		4.6		4.9		3.1		5.3

		5.3		5.1		5.5		3.5		5.5



1994

1995

1996

1997

1999



Sheet4

		



&A

Page &P



Sheet5

		



&A

Page &P



Sheet6

		



&A

Page &P



Sheet7

		



&A

Page &P



Sheet8

		



&A

Page &P



Sheet9

		



&A

Page &P



Sheet10

		



&A

Page &P



Sheet11

		



&A

Page &P



Sheet12

		



&A

Page &P



Sheet13

		



&A

Page &P



Sheet14

		



&A

Page &P



Sheet15

		



&A

Page &P



Sheet16

		



&A

Page &P




