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Course Review Package

Spring 2001

Course Review held on: 29 June, 2001

EngrMech 340

Materials Science for Engineers
Offered:  SPRING Semester Only

Number of Credit Hours:  3(1)

Prerequisites for this Course: EM 120

Co-requisites for this Course: None

This Course is a Prerequisite for:  EM 440

This Course is required for Engineering Mechanics and Chemistry: Materials Science programs
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Course Director:  Capt Wayne Myers

Instructors:  Dr. Eric Skaar, VP

1. COURSE DESCRIPTION :  Engr Mech 340.  Materials Science for Engineers.  3(1). Survey of engineering applications of non-ferrous and ferrous alloys, polymers, ceramics and composites.  Basic crystallographic notation and molecular structure of common engineering materials.  Principles of metallurgical thermodynamics and kinetics applied to phase transformations and strengthening mechanisms.  Field trip.  Final exam.  Prereq:  Engr Mech 120.  Sem hrs:  3 spring.
Textbook:  Donald R. Askeland, The Science and Engineering of Materials, Third Edition, PWS Publishing Company, 1994

1.1 Goals and Objectives 

1.1.1 Course Goals

Cadets will understand how different material physical and mechanical properties result from different internal structures and processing of a broad range of materials.  Cadets will be able to recommend an appropriate material for a given application and perform an effective treatment to get desired material properties from ferrous and nonferrous alloys.

1.1.2 Course Objectives 

Upon completion of this course, students will:

1. Be able to use correct materials science and engineering terminology in the proper context.

2. Describe the relationships among:

- stress – strain curve 

- material properties (strength, ductility, etc.)

- structures (electronic, atomic, micro-, macro-, etc.)

- processing (annealing, cold work, casting, etc.) 

3. Be able to analyze design requirements to determine a good material for a given application and determine the best microstructure or strengthening technique for a given material.

4. Be able to perform a chosen strengthening technique on a ferrous and nonferrous alloy.

5. Be able to write technical reports that clearly communicate results of material processing treatments and testing of materials.

1.1.3 Mapping to Program Curricular Outcomes 

Check which Program Curricular Outcomes are fed by this course? Use Table format below:

	
	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.

	Be able to use correct materials science and engineering terminology in the proper context.
	√
	
	
	
	
	
	√
	√
	
	√
	
	
	

	Describe the relationships among:

- stress – strain curve 

- material properties (strength, ductility, etc.)

- structures (electronic, atomic, micro-, macro-, etc.)

- processing (annealing, cold work, casting, etc.) 
	√
	
	√
	
	√
	
	√
	
	
	√
	
	
	

	Be able to analyze design requirements to determine a good material for a given application and determine the best microstructure or strengthening technique for a given material
	√
	
	
	
	√
	
	
	
	
	√
	√
	
	

	Be able to perform a chosen strengthening technique on a ferrous and nonferrous alloy
	√
	
	
	
	√
	
	√
	
	
	√
	√
	
	

	Be able to write technical reports that clearly communicate results of material processing treatments and testing of materials.
	
	
	
	
	
	
	
	√
	
	
	
	√
	


1.2 Course Content 

	Lesson
	Topic
	Course Objectives Covered

	1
	Introduction to Materials
	1

	2
	Atomic Structure
	1

	3
	Atomic Arrangement I
	1,2,3

	4
	Atomic Arrangement II
	1,2,3

	5
	Atomic Arrangement III
	1,2,3

	6
	Atomic Imperfections I
	1,2,3

	7
	Atomic Imperfections II
	1,2,3

	8
	Atomic Imperfections III
	1,2,3

	9
	Atomic Movement I
	1,2,3

	10
	Atomic Movement II
	1,2,3

	11
	GRADED REVIEW # 1
	1,2,3

	12
	Cold Work
	1,2,3

	13
	Annealing
	1,2,3

	14
	Solid Solution and Grain Size Strengthening
	1,2,3

	15
	Cold Rolling Lab
	4,5

	16
	Comp time for Cold Rolling Lab
	4,5

	17
	Tensile Testing of Cold Rolled Specimens
	4,5

	18
	Phase Diagrams I
	1

	19
	Phase Diagrams II
	1

	20
	Phase Diagrams III
	1,2

	21
	Nucleation and Growth
	1,2

	22
	Dispersion Strengthening
	1,2,3

	23
	Age Hardening
	1,2,3

	24
	Age Hardening
	1,2,3

	25
	GR # 2
	1,2,3

	26
	Ferrous Alloys I:  Iron-Carbon Phase Diagram
	1,2,3

	27
	Ferrous Alloys II:  Heat Treatment and TTT
	1,2,3

	28
	Ferrous Alloys III:  Heat Treatment and TTT
	1,2,3

	29
	Field Trip to Western Forge
	1,2

	30
	Non Ferrous Alloys I
	1,2,3

	31
	Quench and Temper Lab
	4,5

	32
	Non-Ferrous Alloys II
	1,2,3

	33
	Polymers I
	1,2

	34
	Deformation and Failure of Polymers
	1,2,3

	35
	Strengthening Mechanisms in Polymers
	1,2,3

	36
	GR # 3
	1,2,3

	37
	Ceramics I
	1,2

	38
	Ceramics II
	1,2,3

	39
	Ceramics III
	1,2,3

	40
	Composites I
	1,2

	41
	Composites II
	1,2

	42
	Composites III & Course Critique
	1,2


1.2.1 Summary of Graded Events 

	Assessment Events
	Course Objective
	Percent of Grade
	Time Alotted

	GR #1
	1,2
	12.5%
	50 min.

	GR #2
	1,2,3
	12.5%
	50 min.

	GR #3
	1,2,3
	12.5%
	50 min.

	Final Exam
	1,2,3
	25%
	4 hours

	“Should Know” Quiz
	1,2
	2.5%
	6 days

	Materials Tech. Project

	1,2,5
	12.5%
	7 weeks

	Cold Working Lab
	3,4,5
	7.5%
	3 weeks

	Metallography Lab
	2,5
	5%
	2 weeks

	Quench and Temper Lab
	3,4,5
	5%
	2.5 weeks

	Homework Problems
	1-3
	5%
	1-2 weeks / set


1.3 Course Placement 

1.3.1 Course Flow Map 

EM 120 ▬▬► EM 340 ▬▬► EM 440

1.3.2 Prerequisites 

EM 120 is the only prerequisite for this course

Topics:


Hooke’s Law


Properties that can be determined from a tensile test and their significance

1.3.3 Courses Fed 

EM 440

Topics:


Atomic Bonding


Atomic Structure



Unit cells



Material defects


Strengthening mechanisms of metals



Solid solution strengthening



Strain hardening



Grain size control



Dispersion strengthening


Phase diagrams


Ferrous alloys



Heat treatments


Technical report writing skills

1.3.4 Replacements and Waivers   -  None

1.4 Course Policies  

· Must receive a 60% average to pass the course

· Must achieve 60% average on individual effort work to pass the course 

· Grades are semi-contract - initial cuts are stated and may shift down but not up

1.5 General Course Delivery 

· Lecture based with physical demos/examples and introduction of computer demos

· Reading/homework assigned (Chapters 1-5, 7, 9-16 covered from text)

· Materials Technology Project was independent research into a materials topic of interest.  Results were presented in report, presentation, and poster forms.

· Laboratory projects with written reports

1.6 Changes from Previous Offerings 

There were several changes made to the course, some of which were independent of the previous course review while others were recommended by previous course director.

· Independent Changes

· MTP projects were all due at same time.  The intent was to level the playing field and not give later teams an advantage by observing earlier work and my responses to it.

· Order of the laboratory projects was shifted because the location of samples for Lab 2 was unknown for a short time

-  Recommended Changes

-  Verbiage changes to Course Goals and Objectives to reflect that this course covers  

all materials not just metals

-  Added coverage of ceramics, reduced metals coverage

1.7 Course Resources

1.7.1 Supplies 

5/8” thick by 1” wide brass bars for the Cold Working Lab

Pb-Sn metallography specimens (not consumed, but need repolishing before Spring ’02)

1050 steel tensile specimens for Quench and Temper Lab

1.7.2 Equipment/Computers 

Cold Working Lab (all equipment required for the equivalent of 2 lessons)


Rolling machine and push sticks


Milling machine for machining specimens from rolled bar


Vernier calipers


Rockwell hardness testers


SATEC universal testing machines with sheet grip fixtures

Metallography Lab (equipment used for approximately 1 lesson)


Nikon metallographic optical microscope


Thermal printer for capturing images

Quench and Temper Lab (equipment used for approximately 2 lessons)


Bench sized box furnaces for heat treating


Heat treat safety equipment



Apron



Face shields



Gloves



Tongs


Containers for Quenching


SATEC universal testing machines with round screw thread grips


Vernier calipers


Rockwell hardness testers


Wire wheel for removing scale

Computers

Computers were used periodically by students for PowerPoint based MTP briefings and data analysis.  Computerized visual aids from publisher were used and made available outside of class.

1.7.3 Needs/Desires 

None.

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? 

2.1.1 Student and Instructor Assessment

	Course Objective
	Cadet
	CD
	Other Instr
	Avg
	Comments

	1
	3.13
	3
	3
	3.04
	None

	2
	3.59
	3
	4
	3.53
	Rated higher than assessment tools indicate.  Improvement seen toward end of semester, but early performance affects the numbers

	3
	2.97
	2
	1
	1.99
	This objective was underemphasized and undertested.  Problems given had a tendency to “lead”.  Not sure how they would do with a truly open design question.

	4
	3.07
	3
	3
	3.02
	None

	5
	3.64
	2.5
	3
	3.05
	Still need to work on organization, “write like you speak”, referencing figures.  Cadets seem to feel that they write better than they actually do.


· 5 point scale with the following definitions

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

2.1.2 Assessment Based Upon Graded Events  

	Event
	Average Score
	Course Objectives Covered
	Remarks

	GR#1
	71.3%
	1,2
	Covered 10 Lessons

	GR#2
	71.90%
	1,2,3
	Covered 13 Lessons

	GR#3
	69.18%
	1,2,3
	Covered 10 Lessons

	Final Exam
	81.88
	1,2,3
	Covered entire semester

	Homework Sets
	77.78%
	1,2,3
	Approximately 1 per “block”

	“Should Know” Quiz
	89.29%
	1,2
	Gateway Exam

	Materials Technology Project
	85.81%
	1,2,5
	3 parts (report, presentation, and poster)

	Cold Working Lab
	81.73%
	3,4,5
	Short Technical Report

	Metallography Lab
	85.49%
	2,5
	Short Technical Report

	Quench and Temper Lab
	88.18%
	3,4,5
	Formal Write-Up


	Course Objective
	Graded Assessment Mechanisms
	Average Score
	Average rating from Section 2.1.1

	1
	GR #1, All (71.3%)

GR #2, Question 2 (MC)(100%)

GR #2, Question 6 (MC)(76.92%)

GR #2, Question 9 (MC)(96.15%)

GR #2, Question 10 (MC)(48.08%)

GR #2, Question 11 (MC)(44.23%)

GR #2, Question 12 (MC)(55.77%)

GR #2, Question 13 (MC)(42.31%)

GR #2, Question 14 (MC)(46.15%)

GR #2, Question 15 (MC)(69.23%)

GR #3, Question 1 (MC)(100%)

GR #3, Question 2 (MC)(77.55%)

GR #3, Question 4 (MC)(53.06%)

GR #3, Question 5 (MC)(55.1%)

GR #3, Question 6 (MC)(59.18%)

GR #3, Question 10 (MC)(40.82%)

GR #3, Question 12 (MC)(85.71%)

Final, Question 3 (MC)(98.08%)

Final, Question 4 (MC)(92.31%)

Final, Question 9 (MC)(96.15%)

Final, Question 15 (MC)(94.23%)

Final, Question 16 (MC)(92.31%)

Final, Question 23 (MC)(90.38%)

Final, Question 24 (MC)(100%)

Final, Question 27 (MC)(86.54%)

Final, Question 31 (MC)(94.23%)

Final, Question 34 (MC)(92%)

Should Know Quiz (89.29%)

MTP (85.81%)


	78.19%
	3.04

	2
	GR #1, Question 5 (MC)(40.38%)

GR #1, Question 6 (MC)(50%)

GR #1, Question 14 (MC)(51.92%)

GR #1, Question 16 (Short Ans.)(83.29%)

GR #1, Question 19 (Short Ans.)(76.29%)

GR #1, Question 21 (Short Ans.)(58.71%)

GR #1, Question 22 (Workout)(69.62%)

GR #1, Question 23 (Workout)(70.45%)

GR #1, Question 24 (Workout)(61.35%)

GR #2, Question 1 (MC)(88.46%)

GR #2, Question 3 (MC)(44.23%) 

GR #2, Question 4 (MC)(100%) 

GR #2, Question 5 (MC)(92.31%) 

GR #2, Question 7 (MC)(86.54%) 

GR #2, Question 8 (MC)(32.69%) 

GR #2, Question 13 (MC)(42.31%) 

GR #2, Question 14 (MC)(46.15%) 

GR #2, Question 15 (MC)(69.23%) 

GR #2, Question 16 (MC)(38.46%) 

GR #2, Question 17 (MC)(65.38%) 

GR #2, Question 18 (MC)(84.62%) 

GR #2, Question 19 (MC)(82.69%) 

GR #2, Question 20 (MC)(76.92%)

GR #2, Question 21 (Workout)(69.81%)

GR #2, Question 22 (Workout)(79.81%)

GR #3, Question 2 (MC)(77.55%)

GR #3, Question 3 (MC)(85.71%)

GR #3, Question 4 (MC)(53.06%)

GR #3, Question 5 (MC)(55.1%)

GR #3, Question 6 (MC)(59.18%)

GR #3, Question 7 (MC)(89.8%)

GR #3, Question 8 (MC)(83.67%)

GR #3, Question 9 (MC)(71.43%) 

GR #3, Question 11 (MC)(95.92%)

GR #3, Question 13 (MC)(93.88%)

GR #3, Question 14 (MC)(77.55%)

GR #3, Question 15 (MC)(69.39%)

GR #3, Question 16 (Short Ans.)(48.57%)

GR #3, Question 17 (Short Ans.)(38.77%)

GR #3, Question 18 (Short Ans.)(67.86%)

GR #3, Question 19 (Short Ans.)(93.06%)

GR #3, Question 20 (Short Ans.)(90.61%)

GR #3, Question 21 (Workout)(67.13%)

GR #3, Question 22 (Workout)(53.78%)

Final, Question 1 (MC)(88.46%)

Final, Question 2 (MC)(78.85%)

Final, Question 5 (MC)(75%)

Final, Question 6 (MC)(28.85%)

Final, Question 7 (MC)(71.15%)

Final, Question 8 (MC)(96.15%)

Final, Question 10 (MC)(98.08%)

Final, Question 11 (MC)(84.61%)

Final, Question 12 (MC)(92.31%)

Final, Question 13 (MC)(98.08%)

Final, Question 14 (MC)(96.15%)

Final, Question 17 (MC)(61.54%)

Final, Question 18 (MC)(90.38%)

Final, Question 19 (MC)(88.46%)

Final, Question 20 (MC)(98.08%)

Final, Question 21 (MC)(78.85%)

Final, Question 22 (MC)(94.23%)

Final, Question 25 (MC)(82.69%)

Final, Question 26 (MC)(90.38%)

Final, Question 28 (MC)(76.92%)

Final, Question 29 (MC)(92.31%)

Final, Question 30 (MC)(76.92%)

Final, Question 33 (MC)(94.23%)

Final, Question 35 (Short Ans.)(52.11%)

Final, Question 36 (Short Ans.)(92.11%)

Final, Question 37 (Short Ans.)(95.19%)

Final, Question 38 (Short Ans.)(51.15%)

Final, Question 39 (Short Ans.)(98.85%)

Final, Question 40 (Short Ans.)(98.27%)

Final, Question 41 (Short Ans.)(61.54%)

Final, Question 42 (Short Ans.)(47.11%)

Final, Question 43 (Short Ans.)(60.58%)

Final, Question 45 (Short Ans.)(95.1%)

Final, Question 46 (Short Ans.)(70.19%)

Final, Question 47 (Short Ans.)(72.11%)

Final, Question 48 (Short Ans.)(90.87%)

Final, Question 49 (Short Ans.)(72.6%)

Final, Question 50 (Workout)(97.65%)

Final, Question 51 (Workout)(69.44%)

Final, Question 52 (Workout)(89%)

Final, Question 53 (Workout)(70.73%)

Cold Rolling Lab (81.73%)

Quench and Temper Lab (88.18%)

Metallography Lab (85.49%)
	76.62%
	3.53

	3
	GR #1, Question 19 (Short Ans.)(76.29%)

GR #2, Question 1 (MC)(88.46%)

GR #2, Question 7 (MC)(86.54%)

GR #2, Question 17 (MC)(65.38%) 

GR #2, Question 18 (MC)(84.62%) 

GR #2, Question 19 (MC)(82.69%) 

GR #2, Question 20 (MC)(76.92%)

GR #3, Question 3 (MC)(85.71%)

GR #3, Question 6 (MC)(59.18%)

GR #3, Question 7 (MC)(89.8%)

GR #3, Question 8 (MC)(83.67%)

GR #3, Question 16 (Short Ans.)(48.57%)

GR #3, Question 18 (Short Ans.)(67.86%)

GR #3, Question 20 (Short Ans.)(90.61%)

Final, Question 18 (MC)(90.38%)

Final, Question 19 (MC)(88.46%)

Final, Question 29 (MC)(92.31%)

Final, Question 33 (MC)(94.23%)

Final, Question 36 (Short Ans.)(92.11%)

Final, Question 39 (Short Ans.)(98.85%)

Final, Question 44 (Short Ans.)(97.12%)

Cold Rolling Lab (81.73%)

Quench and Temper Lab (88.18%)
	83.47%
	1.99

	4
	Cold Rolling Lab (81.73%)

Quench and Temper Lab (88.18%)
	84.31%
	3.02

	5
	Cold Rolling Lab (81.73%)

Quench and Temper Lab (88.18%)

Metallography Lab (85.49%)
	84.65%
	3.05


2.1.3 Other Student Assessment (Standard Course Critique)
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	Instructor
	Spring 2001

	1.  Ability to stimulate interest
	4.5

	2.  Quality and timeliness of feedback
	4.1

	3.  Ability to provide clear, well-organized instructions
	4.7

	4.  Ability to present alternative explanations
	4.7

	5.  Use of examples and illustrations
	4.8

	6.  Value of questions and problems raised
	4.4

	7.  Knowledge of course material
	5.5

	8.  Military role model
	4.8

	9.  Encouragement given students to express themselves
	4.4

	10.  Concern for student learning
	4.6

	11.  Availability for extra help
	4.6

	12.  Enthusiasm
	4.8

	Course
	

	13.  Organization
	4.1

	14.  Clarity of course objectives and requirements
	3.9

	15.  Degree which course met stated objective
	4.1

	16.  Intellectual challenge, encouragement of indep. thought
	4

	17.  Reasonableness
	3.9

	18.  Evaluative and grading techniques
	3.8

	19.  Quality and usefulness of course text
	4.0

	General Evaluation
	

	20.  Course as a whole
	4.1

	21.  Relevance and usefulness 
	4.2

	22.  Amount learned in course
	4.4

	23.  Instructor’s effectiveness in facilitating learning
	4.7


2.1.4  Other Student Assessment (Supplemental Critique)

None

2.1.5 Other Course Director Assessment

First time course directing, got too caught up in what I wanted them to “know” vs. what I wanted them to know how to “do”

Let objective 3 get pushed to the back – need to bring it more into focus for next time.  I did not give many open ended design problems allowing them to select the material and explain why they would use it.  Instead I was concentrating on getting them to understand the cause and effect relationships between structure, processing, and properties.  This understanding is what will help them make intelligent choices in the ill defined design problems. (Didn’t look at the forest because I was identifying the trees.)

2.1.6 Other Instructor Assessment  - None.

2.2 Are the Course Goals/Objectives Appropriate? 
Course goals were changed as recommended last year.  Current goals are more in line with the general nature of this course.  still need to try and reduce metals focus and bring out ceramics, polymers and composites.  Metals frequently provide easiest examples, so need to try and overcome that.

2.3 Time Survey Data 
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Note:  Lsn 11 = GR #1, Lsn 18 = MTP’s, Lsn 25 = GR #2, Lsn 36 = GR#3

Overall average = 50.4 minutes/lesson

2.4 Grade History Data 
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2.5 Were Previous Recommendations Appropriate? 

Previous recommendations for course goals, objectives, and content were appropriate and were accomplished with one exception.  

Recommendation

- Add the words in bold to the current course goal.

Cadets will understand how different material physical and mechanical properties result from different internal structures and processing of a broad range of materials.  Cadets will be able to recommend an appropriate material for a given application and perform an effective treatment to get desired properties from ferrous and nonferrous alloys.  

Done as stated.

Recommendations

Change current Objective #3 to the following:

Analyze design requirements to determine a good material for a given application the best   and determine the best microstructure or strengthening technique for a given material ferrous and nonferrous alloy.  

Change current objective #5 to the following:

Be able to write technical reports that clearly communicate results of material processing treatments mechanical treatments and testing of materials.

Done as stated.

Recommendation 

Consider expanding coverage of polymers, ceramics and composites, while reducing coverage of metals.

Done to some extent.  Ceramics were re-introduced this year.  In addition, less time was allotted to some metals subjects, but not necessarily at the cost of topics.  By allotting a set number of lessons and making it clear that if they didn’t grasp the subject in that amount of time they would need to make some effort outside of class we forced some responsibility onto the cadets.

Recommendation

· Consider replacing one of the existing lab projects with one dealing with

 polymers, ceramics, or composites.

Not done.  The suggestion is still under consideration, but I do not yet have a suitable activity to switch in. 

3. RECOMMENDED CHANGES 

3.1 Changes to Course Goals 

None.

3.2 Changes to Course Objectives 

None.

3.3 Changes to Course Content 

None.

3.4 Changes to Course Delivery

· Recommendations


Get class back into Lab classroom


Integrate publisher provided demos into class lecture


Consider new text

· Supporting Data 


None

· Desired Outcome


Improve course time management, and cadet comprehension.

· Comments


Having class moved out of the lab made coordinating demos with EM 350 difficult.  Also being in the lab would allow for short instruction sessions at the beginning of each lab activity without sacrificing significant portions of the period to travel and settling.


Integrating publisher provided demos can provide a visual confirmation of physical concepts that are frequently beyond the artistic abilities of the instructors.  It also should help with student comprehension.


While the Askeland text does have some useful traits, like good design problems,  it is a metals oriented text.  The coverage of polymers, ceramics, and composites is limited, and in a couple of places incorrect.  Even some fundamental tools and concepts (like phase diagrams) that are common to all classes of materials are consistently presented with metals examples, which gives the impression that they are metals specific.  While this is a problem with many texts of this level, I have requested a copy of one that I have not previously encountered so that I can review it for balance.  If a great new text cannot be found, it will be up to us to try and compensate for the biases of the text.

3.5 Changes to Course Administration (Graded Events)

None

3.6 Changes to Course Policies 

None

3.7 Recommendations to Curriculum Assessment Committee 

None

3.8
Course Review Results – will be added to your final package after the Course Review
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		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

		5.5		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
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		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		4		4.1				4.1		4.6		4.3		4.8		5.3		5.2				5.4		5.5		3.8		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		5.4		5.1		C		4.9		5.2		5.8		5.5		5.8		5.6		C		5.7		6		4.5		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		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		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		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		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		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		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		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		5.2		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		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		4.6		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		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		4.4		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		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
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