19

Course Review Package

Fall 2000

Course Review held on: 1 March 2001

Engr Mech 440

Physical Metallurgy
Offered:  Fall Semester Only

Number of Credit Hours:  4(2)

Prerequisites for this Course: EngrMech 340

This Course is a Prerequisite for: None

EM 440 is required for Chemistry majors in the Materials Science option.  For all other majors this course is an elective.
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Course Director: Dr. Ralph Bush 

Other Instructor: Capt. Wayne Myers

COURSE DESCRIPTION

Engr Mech 440: Physical Metallurgy

Physical metallurgy related to properties of engineering metals.  Crystal structure and imperfections, diffusion, thermodynamics, phases and phase transformations, and thermomechanical processing.  Discussion of specific metals/alloy systems. thermomechanical strengthening design project and semester-long knife design project.  Final exam or final project.  Prereq: Engr Mech 340.  Sem. hrs: 4 fall.

Texts: Structure and Properties of Engineering Alloys, 2nd ed. by William Smith, Mc-Graw-Hill, 1993.

The Science and Engineering of Materials, 3rd ed. by Donald Askeland, PWS Publishing, 1994.

The Science and Design of Engineering Materials, 2nd ed., (Chapters 7 and 8) by James Schaffer, Ashok Saxena, Stephen Antolovich, Thomas Sanders, and Steven Warner, Mc-Graw-Hill, 1999.
1.1 Goals and Objectives 

1.2 Course Goal - 

Students will develop a fundamental understanding of factors that are used to control microstructure and properties of metal systems commonly used in aerospace structures.  They will be able to use this understanding to design metal processing histories that will result in predetermined microstuctures and properties.
1.2.1 Course Objectives - 

1) Students will be able to identify appropriate experimental methods and design simple experiments to characterize the microstructure and properties of a given metal.

2) Students will demonstrate a basic understanding of the methods used to control strength and microstructure of metals.

3) Students will demonstrate the ability to use published information to design metallurgical processes capable of producing desired microstructures/properties in a given metal or final product.

4) Students will be able to apply fundamental concepts of metal chemistry and processing to explain the reasons for metal alloy development and processes in alloy systems in common use in the aerospace industry.

5) Students will be able to produce reports that clearly communicate results of technical investigations.
1.2.2 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.

	Students will be able to identify appropriate experimental methods and design and carry out simple experiments to characterize the microstructure and mechanical properties of a given metal.
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	Students will demonstrate a basic understanding of the methods used to control strength and microstructure of metals.
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	Students will demonstrate the ability to use published information to design metallurgical processes capable of producing desired microstructures/properties in a given metal or final product.
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	Students will be able to apply fundamental concepts of metal chemistry and processing to explain the reasons for metal alloy development and processes in alloy systems in common use in the aerospace industry.
	(
	
	
	
	(
	
	
	
	
	(
	
	
	

	Students will be able to produce reports that clearly communicate results of technical investigations
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1.3 Course Content

	LESSON
	Topic
	Course Objective Covered

	1
	Course Introduction
	

	2
	Analytical Techniques: Optical microscopy, Quantitative Metallography, Tensile and hardness testing
	1

	3
	Analytical Techniques: X-ray, SEM, TEM, Tensile and Hardness Testing
	1

	4
	Phases I

	2

	5
	Lab: Metallography of Steel
	1,2,5

	6
	Metallography Lab: Continued
	1,2,5

	7
	Phases II
	2

	8
	Evolution of Phase Diagrams
	2

	9
	Uses of Phase Diagrams
	2

	10
	Dislocations
	2

	11
	Graded Review #1
	1,2

	12
	Strengthening Processes: Solid Solution Strengthening, Cold Work
	2

	13
	Annealing I
	2

	14
	Annealing II
	2

	15
	Annealing III
	2

	16
	Diffusion I
	2

	17
	Strengthening Design Project
	1,2,3,4,5

	18
	Strengthening Design Project (Cont.)
	1,2,3,4,5

	19
	Strengthening Design Project (Cont.)
	1,2,3,4,5

	20
	Diffusion II
	2

	21
	Diffusion III
	2

	22
	Diffusion IV
	2

	23
	Nucleation and Growth
	2

	24
	Carburization Lab
	1,2,3,4,5

	25
	Carburization Lab (Cont.)
	1,2,3,4,5

	26
	Solidification I
	2

	27
	Solidification II
	2

	28
	Graded Review #2
	1,2

	29
	Strengthening Processes: Precipitation Hardening
	2,4

	30
	Physical Metallurgy of Aluminum Alloys I
	2,4

	31
	Physical Metallurgy of Aluminum Alloys II
	2,4

	32
	Physical Metallurgy of Aluminum Alloys III
	2,4

	33
	Lab: Thermomechanical Heat Treatment and Aging Curves
	1,2,3,4,5

	34
	History of Aerospace Aluminum Alloy Development
	4

	35
	Iron - Carbon System
	2

	36
	Heat Treatment and Hardening of Steel I
	2,4

	37
	Heat Treatment and Hardening of Steel II
	2,4

	38
	Design Requirements of Aircraft Turbines

Physical Metallurgy of Titanium Alloys I
	2,4

	39
	Physical Metallurgy of Titanium Alloys II
	2,4

	40
	Physical Metallurgy of Superalloys
	2,4

	41
	Knife Show - Course Critique
	1,2,3,4,5

	42
	Graded Review #3
	1,2,4


1.3.1 Summary of Graded Events 

	Assessment Event
	Course Objectives
	Lessons Covered
	% of Grade

	Homework
	1,2,3,4
	1-41
	7.4

	Gateway exam
	2
	EM 340
	2.2

	GR #1
	1,2
	1-10
	11.8

	GR #2
	1,2
	12-27
	14.7

	GR #3
	1,2,4
	29-40
	14.7

	Metallography Lab Report and Pre-lab
	1,5
	2-6
	7.4

	Strengthening Design Lab Project and Pre-lab
	1,2,3,5
	14-20
	10.3

	Carburization Lab Report and Pre-lab
	1,2,3,5
	24-25
	5.1

	Thermomechanical Heat Treatment Lab and Pre-lab
	2,3,4,5
	32-33
	7.4

	Steel Manufacturing Design Project (knife project) or Independent Project
	1,2,3,5
	1-42
	19.1


1.4 Course Placement 

1.4.1 Course Flow Map  

This course is required of Chemistry majors in the Materials Science option and is generally taken during the first class year.  Many Engineering Mechanics and General Engineering majors take this course as a materials option.


1.4.2 Prerequisites 

Required course prerequisite - EngrMech 340

Topics: crystallography, strengthening mechanisms, basic phase diagrams, iron-carbon system.

Other topics

Calculus - Derivatives and Integration (Math Sequence) used in class derivations and lab data analysis.

Stress-Strain Relationships (EM120) used for testing and in data analysis.

Statistics (Math 356) used in lab data analysis.

1.4.3 Courses Fed 

None

1.4.4 Replacements and Waivers  

None 
1.5 Course Policies  

Standard DFEM policies

Students must earn a minimum of 60% in order to pass the course.  Students are guaranteed an A for an average above 88%, B for above 78%, C for above 68%, and D for above 60%.

Students are given lab/safety briefings which allow them to get badge certified to use the laboratory facilities.

Prelab preparation assignments must be completed satisfactorily prior to beginning any lab project
1.6 General Course Delivery 

Course material presented primarily by lecture.

The course lectures were divided into three blocks: 1) Analytical techniques, 2) Fundamental metallurgical processes and strengthening mechanisms, and 3) Application of concepts to alloy systems commonly used in aircraft structures.

Each block included one or two laboratory projects designed to put into practice the material presented in class and in the textbook.  The laboratory projects were completed by groups composed of two to six students each.  All of the laboratory projects required that all groups in the course share results in order to see the big picture and analyze the data properly.

Prior to each lab project, each group was required to design an experimental procedure and predict the outcome of the experiment.  Completion of this process was required before the project could be started.

All students were required to design, manufacture, and heat treat a knife for this class.  This was a semester long project that accounted for approximately 1/5 of their grade.

1.7 Changes from Previous Offerings 

Change the textbook.

Material from several sources was used.  Several handouts from Connie Schlaefer's unpublished metallurgy text were used for the analytical techniques and diffusion lessons.  Two chapters from Shaffer et.al. were used for the phase diagram and nucleation and growth lessons.  The EM340 text by Askeland was used for various strengthening mechanism lessons.  The Smith text was used for all material from lesson 29 to the end of the semester.  Lesson notes prepared by the instructors and papers from the literature were also used.

Some subjects were not adequately covered by any of the texts.  The only material students had for reference for these subjects were sometimes class notes.  This made it difficult to study or reinforce material covered in class.

Prepare the specimens for the thermomechanical heat treatment lab during the summer, rather than during the semester.

This was attempted.  However, the work was not finished during the summer, but rather about one week prior to beginning the lab.  The late finish date did not allow for changes in the process when errors were detected.

Replace one instructor - designed lab project with one project where cadets are presented a problem and must design a lab to solve the problem.

The strengthening design lab was modified.  Students were asked to perform a 23 factorial design of experiments to make a model of the cold work - annealing process for brass.  Based on this model they were then to design and carry out two processes that would produce brass products that met two different sets of stated mechanical property goals.

The students chose the variables and the ranges of the variables.  Some instructor input was required to choose reasonable ranges.

The project was too large for the normal 2 person lab group, so all six students in the class collaborated on the project.  This resulted in numerous communication and cooperation problems.

Design of experiments concepts were not covered in class, but rather through printed handouts.  The students did not feel that the handouts were adequate.  However, the class assigned one person to perform all the calculations necessary for developing the model.  This resulted in the rest of the class learning nothing about model development using design of experiments.  So this was also a contributing factor to the lack of learning.

The students learned a lot more from this exercise than from the way it was presented in earlier years.  However, the lab project proved to be too large and involved for student tastes.  Students also found the design of experiments concepts confusing.  

One set of the mechanical property goals was met (the high strength product).  This is the first time in three years that any lab group has met this goal, because previous classes concentrated on the effects of only one variable rather than considering all the important variables at once.  The high formability product goal was not met, because the ranges of the designed experiment were not adequate for the model to be applicable.

Consider optional projects for those who do not want to make a knife.

This was done through the introduction of an Independent Metals Technology Project option.  In this option students could design a small research project to investigate a topic of interest or to generate data that could be used to solve a particular problem.  There were no takers for this option.

1.8 Course Resources

1.8.1 Supplies 

Metallography lab

1018, 1040, 1090, and 4140 tensile specimens

Stainless steel heat treat bags

Metallography supplies

Grinding and polishing discs

Diamond polishing compound

Grinding/ polishing lubricants

Colloidal silica for polishing

Phenolic mounts

Etchant (HNO3 plus ethanol)

Thermal paper for images

Rolling Lab

0.75" thick by 1" wide by 9" long C36000 brass bar sections

Metallography supplies (same as above except for etchant)

Etchant (H2O2 plus NH4OH)

Carburization Lab

1018 charpy specimens

Activated charcoal

Stainless steel heat treat bags

Metallography supplies (same as for metallography lab)

Thermomechanical Treatment of Aluminum Lab

2024 and 6061 aluminum sheet 

Knife Project

440C stainless steel bar for blades

Brass and nickel-silver bar for finger guards and butt caps

Rivets and fasteners for handles

Sheet sandpaper

Polishing rouge

BurrKing sanding belts

Stainless steel heat treat bags

Quenching oil

1.8.2 Equipment/Computers

Metallography Lab

Bench top box furnaces (2 days)

Band saw ( 1 day)

Metallographic equipment (1 day)

Mounting presses

Semi-automated specimen polishers

Metallographic optical microscope ( 1 day)

Rockwell hardness testers ( 1 day)

Scanning electron microscope with EDAX attachment and software (2 days)

Rolling Lab

Rolling mill (8 days)

Bench top box furnaces (8 days)

Safety equipment for use with furnaces

Band saw ( 1 day)

Metallographic equipment (8 days)

Metallographic optical microscope (4 days)

Rockwell hardness testers (4 days)

Vernier calipers ( 8 days)

Universal testing machines for performing tensile tests (2 days)

Carburization Lab

Bench top box furnaces (3 days)

Metallographic equipment (1 day)

Metallographic optical microscope (2 days)

Vickers microhardness tester (2 days)

Thermomechanical Treatment of Aluminum Lab

Bench top box furnaces (10 days)

Freezer for storing specimens between quench, stretch, and aging operations (10 days)

Universal testing machines for stretching and performing tensile testing (5 days)

Vernier calipers (1 day)

Knife Project

Band saw (2 days)

Bench grinder (15 days)

BurrKing (15 days)

Drill press (1 day)

Bench top box furnaces (5 days)

Metallogrpahic equipment (2 days)

Metallographic optical microscope (2 days)

Rockwell hardness tester (1 day)

Classroom

Computers for Powerpoint presentations (5 days)

1.8.3 Needs/Desires 

Image analysis system to automate metallographic analysis.  A stand-alone commercial system costs between $18-20K.  An alternative would be the use of freeware plus a frame grabber or digital camera mounted on the microscope. (5-10 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
	Other Instructor
	Average

	1
	3.25
	2.5
	2.25
	2.67

	2
	3.25
	3.0
	3.0
	3.08

	3
	3.00
	2.5
	2.5
	2.67

	4
	3.25
	2.5
	2.5
	2.75

	5
	3.25
	1.0
	1.25
	1.83


Cadet response based on input from 4 cadets

Course Director Comments

Objective 1: Students will be able to identify appropriate experimental methods and design simple experiments to characterize the microstructure and mechanical properties of a given metal.

Students can design experiments reasonably well, but often do not know how to properly analyze the data they obtain or do not understand why they took the data they measured.

Objective 2: Students will demonstrate a basic understanding of the methods used to control strength and microstructure of metals.

Students appear to have a good grasp of grain size control and cold work.  Some of them still get precipitation hardening and quench and temper heat treatments of steels mixed up depending on the context.

Objective 3: Students will demonstrate the ability to use published information to design metallurgical processes capable of producing desired microstructures/properties in a given metal or final product.

Some students did quite well in this regard, but others still believe all the answers are in the textbook.

Objective 4: Students will be able to apply fundamental concepts of metal chemistry and processing to explain the reasons for metal alloy development and processes in alloy systems in common use in the aerospace industry.

Students did well here when presented with a problem very similar to what was discussed in class or assigned for homework.  However, they generally struggled with the same type of problem presented in a different way than they had seen previously.

Objective 5: Students will be able to produce reports that clearly communicate results of technical investigations.

Most students can not write a good lab report.  They want to simply answer required questions and not try to extend themselves any further.  Instructions were given to write reports following the guidelines set forth in the Technical Communication Guide for Engineering Division Courses, but to ensure that certain specific questions were answered.  Supplemental guidelines for proper labeling of  metallography photographs were also given.  Students were also instructed to gear the report to an intelligent laymen who had no knowledge of the project prior to reading the report.  Students made sure that all the specific questions were answered, but generally ignored the guidelines in the Technical Communications Guide and the supplemental guidelines.  Seldom was it felt that someone unfamiliar with the lab project would be able to easily follow the reports.  

2.1.2 Assessment Based Upon Graded Events  

	Assessment Event
	Course Objectives Covered
	Average Score
	Remarks

	Homework (mandatory)
	1,2,3,4
	81.0%
	None

	Gateway exam
	2
	89.8%
	None

	GR #1
	1,2
	73.0%
	None

	GR #2
	1,2
	80.3%
	Includes grade improvements due to submittal of corrections for partial credit

	GR #3
	1,2,4
	58.3%
	Open book, open note exam

	Metallography Lab Report and Pre-lab
	1,5
	82.0%
	None

	Strengthening Design Lab Project and Pre-lab
	1,2,3,5
	80.0%
	Entire class worked together using design of experiments methods.

	Carburization Lab Report and Pre-lab
	1,2,3,5
	73.3%
	None

	Thermomechanical Heat Treatment Lab and Pre-lab
	2,3,4,5
	70.0%
	None

	Steel Manufacturing Design Project (knife project) or Independent Project
	1,2,3,5
	89.6%
	None


2.1.3 Other Student Assessment (Standard Course Critique)
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Cadet response based on input from 4 of the 6 cadets enrolled in the course.
	Instructor
	Fall 2000

	1.  Ability to stimulate interest
	4.5

	2.  Quality and timeliness of feedback
	3.5

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

	4.  Ability to present alternative explanations
	5.0

	5.  Use of examples and illustrations
	5.0

	6.  Value of questions and problems raised
	4.8

	7.  Knowledge of course material
	5.5

	8.  Military role model
	5.3

	9.  Encouragement given students to express themselves
	5.5

	10.  Concern for student learning
	5.3

	11.  Availability for extra help
	5.8

	12.  Enthusiasm
	5.5

	Course
	

	13.  Organization
	4.5

	14.  Clarity of course objectives and requirements
	2.5

	15.  Degree which course met stated objective
	3.3

	16.  Intellectual challenge, encouragement of indep. thought
	5.0

	17.  Reasonableness
	3.0

	18.  Evaluative and grading techniques
	4.8

	19.  Quality and usefulness of course text
	4.5

	General Evaluation
	

	20.  Course as a whole
	4.3

	21.  Relevance and usefulness 
	4.8

	22.  Amount learned in course
	4.8

	23.  Instructor’s effectiveness in facilitating learning
	4.8


2.1.4 Other Student Assessment (Supplemental Critique)

Cadet response based on input from 4 of the 6 cadets enrolled in the course.

The following list of statements appeared either on a supplemental lab critique given near the end of the course or on the final course critique.  The number following each statement represents the average response of the students in the class.  Numbers correspond to the following responses:

0)    strongly disagree

1) slightly disagree

2) neutral

3) slightly agree

4) strongly agree
The metallography of steel lab was useful in helping to understand the differences in microstructure of different steels.   3.10

The metallography of steel lab was useful for learning to use a variety of lab instruments.  3.20

The strengthening design project (brass rolling lab) was useful for learning about the interactions of cold work, annealing, and recrystallization in controlling the strength of brass.   2.60

I understand the design of experiments concepts introduced in the brass rolling lab.   1.70

The carburization lab helped me understand the concepts of diffusion better.   3.20
This course improved my ability to deal with problems that don't have an "approved solution."   1.75

This course improved my ability to express my ideas orally.  2.5

This course improved my ability to express my ideas in writing.  2.75

My motivation to learn has increased because of taking this course.  2.25

There are a number of things in this subject I'd like to learn more about.  2.75

I was an active participant in class.  2.75

My instructor designed activities that made me think.  3.00

Prior to taking this class, I was interested in the content of this course.  3.00

Experiences in this class have improved my ability to handle situations involving ethical decisions.  2.25

After taking this course I feel that I am better able to identify appropriate experimental methods and design simple experiments to characterize the microstructure and properties of a given metal. 
3.25

I believe that I have a basic understanding of the methods used to control strength and 

microstructure of metals.  3.25

This course has improved my ability to use published information to design 

metallurgical processes capable of producing desired microstructures/properties in a 

given metal or final product.  3.00
After taking this course I feel that I am able to apply fundamental concepts of metal  chemistry and processing to explain the reasons for metal alloy development and 

processes in alloy systems in common use in the aerospace industry.   3.25

My ability to produce reports that clearly communicate results of technical 

investigations has improved as a result of this course.  3.25

Designing, fabricating, and heat treating my knife was a valuable part of this course.  2.75

If I had to do it over again I would have worked on an independent project rather than 

make the knife.  1.00
Written comments regarding the lab assignments:

1.  It gets hard to rely on other groups to write the lab reports.  Some people aren't as motivated to do work.

2. I didn't really have a clear understanding of how the metallography of steel lab tied into what we were learning or how it was an application.

3. Perhaps only a few examples of how to polish and mount instead of doing so much repetition.

4. Show more examples of calculations in class/ help more with Excel or explain more Excel use.

5. Study the data after lab during class!  Or show examples before the labs.  We'll get more out of it.

6. Make the reports shorter.

7. Carburization lab had just right length of a report.

Comments regarding the brass rolling lab:

1. Dump it or downsize it so a group of two could do it.

2. Eliminate rolling lab!!  Bad!

3. Have more people in class or allow for more time.  Explain DOE (design of experiments) prior to prelab.

4. Eliminate brass lab, too involved.

5. Too long of a project and report.  Definitely shorten so one section can work on it at a time.

2.1.5 Other Course Director Assessment

The change in the rolling lab was the major change in the course.  A handout was given explaining design of experiments (DOE) concepts (how to design a 23 factorial experiment, why one wants to do this, and how to analyze the resulting data).   DOE concepts were not covered during lecture.  The students then designed a 23 factorial experiment and carried it out.  All six students in the class had to collaborate because of the size of this lab. 

The change resulted in a much better understanding of the interactions between cold work, annealing, and recrystallization than in previous years.  Using design of experiments also enabled the students to develop a numerical model of the process that could be used to obtain any strength desired (as long as it was possible).  However, a minimum of six people per group was needed, lab time required was 14 hours, and the cadets never grasped the meaning of the DOE model.  In general cadet reaction was that collaboration of six people was very difficult, the lab was too big, and that DOE was too difficult.

2.1.6 Other Instructor Assessment 

None
2.2 
Are the Course Goals/Objectives Appropriate? 

Yes

2.3 Time Survey Data 
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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 

None

3.3 Changes to Course Content 

Recommendation

Keep evaluating other textbooks.

Supporting data

Students had a difficult time trying to sort out the material that came from several different sources.  It is also very time consuming for the instructor to collect and prepare written material for those topics not covered in the assigned text.

Desired outcome

The ideal situation would be to have one textbook that covers the topics covered in class with perhaps the addition of the EM 340 text.

Recommendation

Change the thermomechanical treatment lab to a data analysis exercise or replace it with another lab.  If the first option is chosen, then a realistic data set can be generated just once during the summer and given to the cadets for analysis.

Supporting data

It requires about 40 hours of technician time to prepare the specimens for this lab.  After the specimens are prepared, the only activities are for each lab group to perform five tensile tests, five hardness tests, share the data with their classmates and analyze the results.  Cadets already know how to conduct tensile and hardness tests.  The meat of this lab is in the data analysis

Desired outcome

Cadets should spend their time analyzing and interpreting data.  The lab technicians should spend their time doing more valuable tasks.

Recommendation

Teaching design of experiments concepts as was done this year with the brass rolling lab will probably not work for larger classes.  The lab should probably be scaled back or else more lab time needs to be devoted to this.  If an image analysis system is purchased this year, then the material for this lab should be changed from brass to a 5XXX series aluminum alloy.  

Supporting Data

This semester the rolling lab succeeded only because two sections collaborated together.  It required about 14 hours of lab time.  With larger classes it is not likely that each group could devote this much time to the lab.  

Use of a 5XXX series aluminum alloy would make it easier to quantify grain size as the twins present in brass generally confound the results of image analysis.  Quantifying grain size as a function of the process should increase the cadet understanding of the effect of processing on grain size.

Desired outcome

Cadets should understand the interactions of cold work, annealing and recrystallization using modern tools for experimentation.

Recommendation

Ensure that topics regarding state of the art materials are included throughout the semester.

Supporting Data

Requested by USAFA customers at EPAC to ensure that cadets can make the link between course material and solutions of selected Air Force problems with the use of modern materials.

Desired Outcome

Cadets should be able to make the link from materials concepts learned in class to solution of actual Air Force problems.

3.4 Changes to Course Delivery 

None.

3.5 Changes to Course Administration (Graded Events)

None

3.6 Changes to Course Policies 

None

3.7 Recommendations to Curriculum Assessment Committee 

3.8 Course Review Results

3.8.1 Attendees: Col Fisher (Dept Head), Dr Bush (CD), Maj Vaught (Materials Div Chief), Dr Skaar (Visiting Prof), Capt Myers
3.8.2 Changes approved as written.  CCP shall be drafted for submission to the Spring 2001 Curriculum Committee meeting to improve the catalog course description. 
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		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



EM 495

		5.2		4.1		3.1

		5		4.6		4.1

		5.3		4.2		3.3

		5.7		4.5		3.4

		5.3		4.6		3.9

		5		4.6		3.4

		5.5		5.6		5.7

		5.5		4.7		4.6

		5.2		4.4		4.1

		5.5		4.5		4.1

		5.8		4.6		3.7

		5.5		4.6		4.6

		5.2		3.9		2.4

		4.7		4.1		2.2

		5		4.5		2.6

		5.5		4.9		3.7

		5		3.6		1.9

		5		4		2.9

		5.2		2.7		1.4

		5.3		4		2.4

		5.2		4.4		3.1

		5.5		4.6		3.2

		5.3		4.3		3.3



EM 495A Fall 98

EM 495A Spring 99

EM 495A Spring 00

Question

EM 495



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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				Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Fall 98		Spring 99		Fall 99		Spring 00		Fall 00		Fall 00		Spring 98		Spring 99		Spring 00		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Fall 98		Spring 99		Fall 99		Spring 00		Fall 00		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Fall 98		Spring 99		Fall 99		Spring 00		Fall 00		Fall 97		Spring 98		Fall 98		Spring 99		Fall 99		Spring 00		Fall 00		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Spring 99		Spring 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 98		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Spring 99		Spring 00		Spring 94		Fall 94		Spring 95		Spring 96		Fall 96		Spring 97		Fall 97		Spring 98		Fall 98		Fall 99		Spring 00		Fall 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 98		Spring 99		Spring 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 99		Fall 94		Fall 95		Fall 96		Fall 97		Fall 98		Fall 99		Fall 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 98		Fall 94		Fall 95		Fall 96		Fall 97		Spring 99		Fall 99		Fall 00		Fall 94		Fall 95		Fall 96		Spring 97		Spring 98		Spring 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 98		Spring 99		Fall 99		Fall 00		Fall 94		Fall 95		Fall 96		Fall 97		Fall 98		Fall 99		Fall 00		Fall 94		Fall 95		Fall 96		Fall 97		Fall 98		Fall 99		Fall 98		Fall 99		Fall 00		Fall 99		Fall 00		Spring 94		Spring 95		Spring 96		Fall 96		Spring 97		Spring 98		Spring 99		Spring 00		Spring 99		Spring 00		Spring 97		Spring 98		Fall 98		Spring 99		Spring 00		Fall 98		Fall 98		Spring 94		Fall 94		Spring 95		Fall 95		Spring 96		Fall 96		Fall 97		Spring 97

		1		3.8		4.1		4.1		4.3		4.2				4.6		4.7		5		4.3		4.1		4.6		4.6		4.5		5.2		4.2		4.7		4.6		4.4		4.8		4.7		4.2		4.9				4.6		4.9		4.9		4.5		4.7		5.2		4.5		5.6		3.4		4.6		5.1		4.2		4				3.2		3.6		4.7		3.6		4.2		4.9		4.6		4.3		3.4		3.8		4.2		4.6		4.6		4.3		4.6		4.6		4.6		4.6		4.4		4.1				4.5		4.2		4.6		5.1		4.6		4.9		4.5				3.7		4.9		5.1		4.7		4.8		5.1		4.1		4.1				3.5		3		5.1		4.5		4.3		4.8		4.2				4.9		4.6		4.3		5.3		4.1		4.1		4		4.6		4.5				4.3		4.8		4.2		4.7		4.1		5.2		3.9		5.1		5.4		5				5.1		5.3		5.2		5.3		5.1		5.1		5.5				4		5.2		5		4.6				3.3		4.5		5.3		4.9		5.6		5.5		4.9				5.6		4.2		4		3.8				4.1		4		3.8		4.5		5.1		4.8				5.6		5.2		3.3		2.9		4.9		3.3				2.3		5.2		4.9		4.9		5.5		3.9		4.2				4.9		3.7		4.3		4.7		5.2		4.4				4.3		4.9		4.7		5.7		3.9		5.6		4.9		5		4.4		5.1		4.5				4.3		4.3		4.3		4.5		4.9		4.7		5.4		5.8		5.2		4.1		3.1		5.7		5.3		4.2		4.6		4.8		4.4		4.4				4.3		4.5

		2		4.3		4.7		4.6		4.7		4.6		I		4.8		5		5.2		4.6		4.3		4.7		4.7		4.7		5.2		4.5		5		4.7		4.7		5.1		4.9		4.3		4.7		I		4.8		4.9		4.8		4.9		4.5		4.8		4.2		4.9		3.4		4.5		4.9		4.5		4.4		I		4		3.7		4.9		3.9		4.6		5		4.8		4.8		5.2		4.9		4.7		5.2		4.7		5		5.1		5.1		5.2		4.9		4.9		5.1		I		5.2		5		4.7		4.5		4.9		4.8		4.7		I		3		5.2		5		4.8		4.7		5.2		5.3		5.5		I		5.7		5.1		5.2		4.7		4.4		5		4		I		4.7		4.1		4.7		5.3		4.4		4.6		5.1		4.9		4.9		I		3.7		4.4		2.6		4.6		4.5		5.1		4.5		5.1		5.2		5.1		I		5		5.3		5.2		5.4		5.1		4.8		5.3		I		4.4		5.3		5.4		4.9		I		4		4.8		5.4		5.4		5.5		5.5		5.5		I		5.4		5.3		4.6		3.5		I		2.6		3.4		3.6		3.5		4.9		4.7		I		4.1		4.3		4		3.6		4.1		3.8		I		3		4.7		4.5		5.4		5.4		4.5		5		I		4.7		4.4		4.5		4.8		5.3		4.9		I		4.5		5.2		4.8		5.4		4.1		5.5		5.1		5.1		4.3		5.2		4.8		I		4.7		4.4		4.6		4.8		5		4.9		5.7		5.5		5		4.6		4.1		5.4		5.4		4.5		4.8		4.8		4.7		4.7		I		4.4		4.7

		3		3.9		4.4		4.3		4.4		4.5		D		4.9		5		5.3		4.5		4.1		4.8		4.7		4.7		5.1		4.6		4.8		4.9		4.5		4.9		4.8		4.3		4.9		D		4.7		4.8		4.8		4.5		4.7		5.1		4.1		5		3.3		4.7		5.1		3.8		3.9		D		2.9		3.4		4.8		3.7		4.2		5.1		4.5		4.5		4.7		4.2		4.4		5		4.7		4.7		4.9		4.9		5.2		4.7		4.9		4.8		D		4.9		4.6		4.8		5.2		4.9		4.8		4.5		D		3.9		5.2		5.2		5		4.9		5.4		5.3		5		D		4.9		4.8		5.4		4.4		4.1		4.8		4.4		D		5.1		4.7		4.8		5.5		4.4		4.6		5		5		4.6		D		4.2		5		4.4		5.1		4.5		5.3		4.3		5.2		5.5		5		D		5.2		5.3		5.1		5.3		5.4		5.5		5.6		D		3.5		5.3		5.2		5		D		2.9		4.1		5.4		5.2		5.7		5.4		5.4		D		5.2		4.6		4.1		4		D		3.8		4.6		4.1		4.8		5.4		4.8		D		5.4		5.4		3.5		2.9		5.1		3.6		D		3		5.2		5.4		5.4		5.5		4.1		4.4		D		4.9		4.1		4.3		4.9		4.6		4.3		D		4		5.2		4.8		5.7		3.9		5.7		4.8		5.2		4		5		4.6		D		4.5		4.3		4.4		4.8		4.6		4.9		5.6		5.3		5.3		4.2		3.3		5.7		5.4		4.3		4.8		4.9		4.5		4.6		D		4.4		4.7

		4		4		4.3		4.4		4.4		4.4		E		4.8		5		5.2		4.5		4.2		4.7		4.7		4.7		5		4.4		4.9		4.8		4.4		4.9		4.8		4.1		4.9		E		4.6		4.9		5		4.7		4.9		5		4.3		5.4		3.3		4.5		5		4.1		4		E		3.1		3.6		4.8		3.7		4.1		5.1		4.8		4.4		4.6		4.3		4.4		4.8		4.5		4.5		4.8		4.7		5.2		4.6		4.7		4.6		E		4.6		4.3		4.9		5.2		4.6		5		4.6		E		3.8		5.1		5.1		5		4.7		5.2		4.9		4.9		E		4.9		4.4		5.2		4		4.1		4.9		4.6		E		5		4.8		4.6		5.3		4.4		4.4		5		4.9		4.9		E		4.4		4.9		4.1		5		4.5		5.2		4.3		5		5.5		5		E		5.1		5.3		5.1		5.4		5.4		5.5		5.4		E		3.7		5.3		4.9		4.8		E		2.9		4.2		5.4		4.8		5.6		5.5		5.3		E		5		4.2		4.2		4.1		E		4.3		4.6		4.4		5		5.1		4.9		E		5.5		5.7		4		3.1		4.8		3.6		E		3		5.4		5.1		5.3		5.4		4.1		4.7		E		4.9		4.2		4.4		4.8		4.9		4.3		E		4.2		5.2		4.8		5.6		3.9		5.6		4.8		5.1		4.4		4.8		4.7		E		4.3		4.5		4.3		4.8		5.1		4.6		5.4		5.7		5.7		4.5		3.4		5.6		5.4		4.3		4.8		4.8		4.5		4.6		E		4.5		4.6

		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		4.9		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		4.6		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		4.5		4.3		A		4.4		4.9		4.3		5		5.4		5		A		5.6		5.5		3.5		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		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		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		4.3		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		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		5.9		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		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		5.9		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		5.4		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		5.7		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		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		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		5.7		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		5.9		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		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		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		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		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		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		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		5		4.5		3.8		4.2		4.2		4.1		4.1				3.7		4.3
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